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Executive Summary (from the Interim Report, December, 2012) 

This project began in June, 2012 and has proceeded for the past 6 months until the present.  It is 

scheduled to be completed in May, 2013.  The objective of the project is to develop methods and 

electronics for testing multi-GHz digital components (such as DDR memories), using low-cost methods 

based on state-of-the-art field programmable gate arrays (FPGAs).  A further objective is to incorporate 

ǘƘŜ ƳŜŀƴǎ ŦƻǊ ǘƘŜ ǘŜǎǘ ŜƭŜŎǘǊƻƴƛŎǎ ǘƻ άǎŜƭŦ-ƳƻƴƛǘƻǊέ ƛǘǎ ƻǿƴ ǇŜǊŦƻǊƳŀƴŎŜΣ ŀƴŘ ǘƻ άŀŘŀǇǘέ ƛǘǎ ōŜƘŀǾƛƻǊ 

(performance) in order to optimize the quality of the test signals.  Therefore this project seeks to realize 

two major benefits as compared to traditional testing methods:  (1) lower test equipment cost and (2) 

improved test signal quality (especially for high-speed signals).  This report describes the activities and 

preliminary results obtained during the first six months of this project. 

Objectives 

(1) Develop an approach for testing multi-GHz digital components, using low-cost FPGAs and 

minimal additional electronics components. 

(2) Incorporate self-adaptive capabilities that allow the test electronics to monitor its own 

performance, and to adapt its characteristics so as to optimize the test signal quality. 

Approach 

Our approach to solving this problem is based on the realization that FPGA technology has progressed 

dramatically in the recent several years, to the point where in many ways it has become a leader of the 

technology.  Today FPGAs are available that utilize 28nm CMOS technology and support I/O rates of 

ϤолDōǇǎ όŀǘ ǘƘŜ ƘƛƎƘ ŜƴŘΣ ǳǎƛƴƎ ŘŜŘƛŎŀǘŜŘ ǎŜǊƛŀƭ Lκh ǇƛƴǎύΦ  9ǾŜƴ άǎǘŀƴŘŀǊŘέ Lκh ǎǇŜŜŘǎ ŀǊŜ ǳǇ ǘƻ ϤмDōǇǎ 

for these new FPGAs.  Furthermore, the cost of FPGAs is very low as compared with custom electronics, 

assuming low-volume applications such as ATE.  Of course FPGAs have always had the significant 

advantage of re-programmability, so that design changes and improvements can be realized without 

incurring significant re-fabrication costs.  Therefore our main focus is to leverage these features of state-

of-the-art FPGAs in order to create a low-cost, but high-performance test system. 

However advanced and capable the FPGAs may be, we recognize that (1) they too have limitations and 

that (2) we may need additional circuitry to achieve the performance targets for testing.  Furthermore, 

we realize (3) that some modifications to traditional test strategies might be needed in order to enable 

full utilization of FPGA technology for testing, and (4) that significant performance gains can be obtained 

by innovative techniques for self-monitoring and self-correcting test signals. 



With these issues in mind, we adopt the following in our approach: 

(1) Select an appropriate FPGA, based upon leading (yet available) technology. 

(2) Determine the capabilities and limitations of the FPGA with respect to the testing application. 

(3) Complement the FPGA features with additional (but minimal) circuitry in order to realize the 

ŘŜǎƛǊŜŘ ǘŜǎǘ ŎŀǇŀōƛƭƛǘƛŜǎΦ  ¢Ƙƛǎ ǊŜǎǳƭǘǎ ƛƴ ŀŘŘŜŘ άǇƛƴ ŜƭŜŎǘǊƻƴƛŎǎέ όt9ύΦ 

(4) Selectively enhance the PE to provide off-line and on-line self-monitoring and 

correction/optimization capabilities for improved test signal performance. 

Our project, therefore, includes the following tasks: 

(1) FPGA evaluation and selection 

(2) Pin electronics design, prototype, evaluation 

(3) Test module electronics system-level design and integration 

(4) Development of self-monitoring/optimizing enhancements 

(5) Incorporation of control and analysis algorithms (working with Prof. Chatterjee et al) 

(6) Characterization and demonstration of ǘƘŜ ǘŜǎǘ ǎȅǎǘŜƳΩǎ ŎŀǇŀōƛƭƛǘƛŜǎ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ 

Summary of Activities and Results 

(1) FPGA evaluation and selection (see also Appendix A) 

In our proposal for this project we identified the Xilinx Virtex-7 FPGA as a good candidate for use in this 

application.  Therefore, early in the project we more carefully reviewed this possibility.  We quickly 

found that, while the technology was very advanced, it appeared to be difficult to obtain.  We found 

very limited (if any) availability of these FPGAs from standard component suppliers.  Mostly it appeared 

ǘƘŀǘ ǘƘŜǊŜ ǿƻǳƭŘ ōŜ ǾŜǊȅ ƭƻƴƎ άƭŜŀŘ ǘƛƳŜǎέ ƛƴ ǎƻƳŜ ŎŀǎŜǎ ǎŜǾŜǊŀƭ ƳƻƴǘƘǎΣ ŀƴŘ ƛƴ ƻǘƘŜǊ ŎŀǎŜǎ ƴƻǘ even 

specified.  ²ƘƛƭŜ ǘƘŜ ǿŜōǎƛǘŜ ƛƴŘƛŎŀǘŜŘ ŀƴ ŜƴǘƛǊŜ άŦŀƳƛƭȅέ ƻŦ ǇǊƻŘǳŎǘǎΣ ǿƛǘƘ Ƴŀƴȅ ǇƻǎǎƛōƭŜ 

configurations, it appeared that only a very small subset was actually in production and/or otherwise 

available.   In all cases the prices for Virtex-7 were very high (several thousand dollars per part).  

Furthermore, we found that the available design documentation from Xilinx was lacking, so that it was 

difficult to predict some performance aspects. 

Due to the difficulties in obtaining Virtex-7 at the time, we looked for alternatives with the 

understanding that our initial prototype efforts did not necessarily need all the features of virtex-7.  So 

initially we utilized an available Virtex-6 evaluation board that we had obtained during the previous 

project with Samsung.  Virtex-6 has many similar functional features as Virtex-7, except that it is built 

using the older 40nm process (a bit slower, and less dense).  So, we were able to experiment with the 

virtex-6 and gain an understanding of how it or virtex-7 could be used for our application. 

About the same time that we decided to try virtex-6, we also found that Xilinx offers a product similar to 

Virtex-7 called Kintex-7, which is based on the same 28nm process.  The main difference that we saw 

between Virtex-7 and Kintex-7 was that the Kintex product line was more readily available in smaller 

packages with fewer I/O and somewhat lower gate-count, at lower cost.  From the initial specs, it looked 



like Kintex-7 had a good combination of features suitable for our project.  The fact that it was closely 

related to Virtex-7 meant that we would have a convenient development path (to Virtex-7) if we chose 

Kintex-7 for our initial prototype efforts.  At the time (July, 2012) we did find Kintex-7 components were 

available through suppliers, and also an evaluation board was available.  Therefore, we decided to 

choose the kintex-7 FPGA for our initial prototype development, while leveraging some work with the 

Virtex-6 and leaving open the possibility of migrating to Virtex-7 in the future. 

After first working with the Virtex-6 evaluation board, we obtained the kintex-7 evaluation board and 

performed several experiments to determine and/or verify its performance.  In almost all respects we 

found that the part performed extremely well and was well suited to our application.  There were some 

minor anomalies noted, but none that would significantly impact our progress.  Similar to the Virtex-7, 

some documentation was lacking.  We have attached examples of measurements made on the kintex-7 

in Appendix AΦ  ¢ƘŜǎŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ƎŀǾŜ ǳǎ ǘƘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ǇŀǊǘΩǎ ŎŀǇŀōƛƭƛǘƛŜǎ ǘƘŀǘ ǿŀǎ 

needed to confirm its selection for this project. 

The evaluation of the Kintex-7 FPGA is summarized as follows (see Appendix A for more details): 

¶ The GTX transmitters worked exceptionally well at 3.2Gbps, and very well up to 10-12 Gbps. 

¶ Overall signal quality was remarkably good up to 10-12 Gbps 

¶ Min/Max single-ended swing was measured as ~140mV-620mV with ~50mV resolution 

¶ Jitter was measured at 14-21ps peak-to-peak at BER=10-4 

¶ Quad-PLL works best at higher frequencies (>6Gbps) 

¶ Rise/Fall times were ~42ps (20-80%) 

 

Figure 1 ς Kintex-7 Evaluation (photo) ς Shown connected to PE Proto#1.  Lab equipment used for 

evaluation includes Agilent 86100c Oscilloscope and Agilent 81133a signal generator. 



(2) Pin electronics design and prototype #1 (see also Appendix B) 

In parallel with the evaluation of Virtex-6 and Kintex-7, we began developing initial designs for the PE 

that would be needed to support these FPGAs for signal generation and capture and for the added self-

monitoring functions.  The first prototype design was built using standard FR4 PCB material with 

standard layout approaches, and without fully optimizing all design features.  The purpose of this 

prototype was mainly to validate our choice of components and to check for unforeseen problems in the 

basic design.  In fact, we ended up spending a good amount of time using this prototype to characterize 

the individual components (especially the Driver IC).  We did this beyond the level that was planned, and 

to the point where we realized that these measurements were limited by the materials and layout 

details of the PCB hardware, as well as some minor design details.  So, while the initial measurements 

looked very promising, we decided that a second (improved) prototype was needed in order to make 

sure that we fully understood the PE capabilities (see the next section). 

The first PE prototype included the basic PE functions of Driver and Compare, but also some enhanced 

PE features such as Driver Pre-ŜƳǇƘŀǎƛǎ ŎƻƴǘǊƻƭ ŀƴŘ ŀ άǎƘŀŘƻǿέ ǎŀƳǇƭŜǊ όнnd parallel comparator for 

under-sampling, eye-monitoring, calibration, and diagnostics).  At the time its design, we assumed that 

the general test channel would be (a) bidirectional, and (b) single-ended (as opposed to differential).   

There were two competing scenarios regarding the transmission line connection to/from the DUT, 

namely (1) Single-transmission line, and (2) dual-transmission line.  The dual transmission line has a 

significant disadvantage in that it greatly complicates the test/DUT interface.  There is also the question 

ƻŦ ǘƘŜ άǎǘǳōέ ŜŦŦŜŎǘ ǿƘŜǊŜ ǘƘŜ ǘǿƻ ǘǊŀnsmission lines connect to the DUT pin.  The advantage to the dual 

ǘǊŀƴǎƳƛǎǎƛƻƴ ƭƛƴŜ ŀǇǇǊƻŀŎƘ ƛǎ ǘƘŀǘ ƛǘ ŀǾƻƛŘǎ ǘƘŜ άŘŜŀŘ ȊƻƴŜέ ǘƛƳƛƴƎ ŎƻƴŦƭƛŎǘ ŀǘ ǘƘŜ t9 ŎƻƳǇŀǊŀǘƻǊ ǘƘŀǘ ƛǎ 

found using the single-transmission line approach.  Later (at the Intl Test Conf in November) we found a 

variation of the single-ǘǊŀƴǎƳƛǎǎƛƻƴ ƭƛƴŜ ŀǇǇǊƻŀŎƘ ŎŀƭƭŜŘ άǎƛƳǳƭǘŀƴŜƻǳǎ ōƛŘƛǊŜŎǘƛƻƴŀƭ ǎƛƎƴŀƭƛƴƎέ ǘƘŀǘ Ƙŀǎ 

ǘƘŜ ŜŎƻƴƻƳƛŎ ōŜƴŜŦƛǘǎ ƻŦ ǘƘŜ ǎƛƴƎƭŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ƭƛƴŜ ŀǇǇǊƻŀŎƘΣ ŀƴŘ ŀǾƻƛŘǎ ǘƘŜ άŘŜŀŘ ȊƻƴŜέ ƛǎǎǳŜ ƭƛƪŜ 

the dual transmission line method.  Therefore,  we have been concentrating on the single transmission 

line approach since then, while keeping the dual-line approach as a back-up.   

We also found that the Xilinx Kintex or Virtex FPGAs do not provide a convenient was to adjust skew of 

the transmitters over a moderately large range (several nanoseconds is needed).  Therefore, a 

programmable delay IC was included in the PE design to allow us to control the Driver signal timing.  The 

same IC was used to program the shadow-sampler clock phase, to a resolution of 5ps. 

A summary of key features for the PE Proto#1 components is as follows: 

Driver ς The Driver must be able to handle I/O rates of at least 3.2Gbps without significant distortion.  It 

must have a programmable output swing of ~100mV to ~1.5V and about 1.5V DC offset range.  It must 

not add significant jitter (<1ps RMS, <10ps DDJ).  In addition to these basic properties, the device must 

have a small footprint (<1cm2), and not dissipate too much power (<1Watt).  These properties are 

needed in order to allow for high-density (high pin-count) interfaces.  Later we added the requirement 

that the Driver provide differential output signals (required for implementing the simultaneous 

bidirectional signaling method).  Other features that are desirable include: pre-emphasis control, jitter 



injection, pulse-width distortion adjustment, rise/fall time adjustment, and low-cost (although the 

Driver IC cost is not a major concern).  Meeting all the requirements and many of the desired features is 

the Micrel SY58626 device, which we have tentatively selected for this project.  Much of the 

measurement activity shown in Appendix B was devoted to checking the Driver performance while 

embedded in a typical PE configuration that included a power splitter, two comparators, and typical 

transmission lines to SMA connectors. 

Primary Comparator ς ¢ƘŜ άtǊƛƳŀǊȅέ ŎƻƳǇŀǊŀǘƻǊ ƛǎ ǳǎŜŘ ƛƴ ǘƘŜ t9 ǘƻ ŎŀǇǘǳǊŜ ǘƘŜ 5¦¢ ǊŜǎǇƻƴǎŜΣ ŘƛƎƛǘƛȊŜ 

it based upon a user-defined threshold voltage, and to produce full-swing differential output to the 

FPGA GTX receivers (RX).  Therefore this comparator must be able to operate with single-ended input 

signals and produce fully-differential outputs for the FPGA.  Lǘ Ƴǳǎǘ ƻǇŜǊŀǘŜ ƛƴ άǘǊŀƴǎǇŀǊŜƴǘέ ƳƻŘŜΣ ƛΦe. 

without clocking.  It further must be very sensitive to small (<50mV) single-ended input signals, while 

supporting ~10GHz bandwidth and low jitter.  It must be small (~3x3mm), and dissipate minimal power 

(<100mW).  Meeting these needs is the Hittite HMC674, which we have chosen for the project. 

{ŜŎƻƴŘŀǊȅ όά{ƘŀŘƻǿέύ /ƻƳǇŀǊŀǘƻǊ ς This device is used for under-sampling the DUT response signal in 

ǘƘŜ ŦƻǊƳ ƻŦ ŀ άǎƘŀŘƻǿέ ǎŀƳǇƭŜǊΦ  Lǘ ǎƘŀǊŜǎ ŀƭƭ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǘƘŜ tǊƛƳŀǊȅ /ƻƳǇŀǊŀǘƻǊΣ ōǳǘ 

additionally requires low-jitter clock input(s) for latching the sampled data bit.  We found that the Hittite 

HMC874 device works well for this component. 

Delay IC ς This device must have a resolution of ~5ps or less, and support a range of at least a few 

nanoseconds.  Like the other components, it must be small, low-cost, low-jitter, low-power.  We found 

that the Micrel SY89297 device satisfied these needs. 

The evaluation of the initial prototype is summarized as follows (see Appendix B for more details): 

¶ When evaluated separately, the Driver IC performed well at 3.2Gbps and even up to 6.4Gbps (its 

spec).  However, some signal degradation was noted due to the lossy FR4, the SMA launch, and 

especially the power splitter. 

¶ When the power splitter was configured to connect to the Comparators, we noticed 

degradation of the signal. 

¶ ²Ŝ ƘŀŘ ǊŜŎǳǊǊƛƴƎ ǇǊƻōƭŜƳǎ ǿƛǘƘ ōƻǘƘ ǘƘŜ Ψстп ŀƴŘ Ψутп ŎƻƳǇŀǊŀǘƻǊǎ ŘǳŜ ǘƻ ǎŜƴǎƛǘƛǾƛǘȅ ƻŦ ǘƘŜƛǊ 

input protection circuits to power-supply biasing sequence (NOT specified by Hittite).  This 

actually cost a lot of time since we had to remove and replace these parts several times during 

the course of our development and evaluation.  We also had numerous conversations with a 

Hittite applications engineer about this problem, in which we started to get a better 

understanding of the problem.  However, it is still not completely resolved.  We now suspect 

that the parts are being damaged during the power-up or power down sequence.  We are now 

taking steps to further protect the inputs against these conditions. 

 

 



 

Figure 2 ς PE Proto ς Circuit Diagram (see Appendix B for detailed diagram) 



 

Figure 3 ς PE Proto ς Layout (see complete layouts in Appendix B) 

 

Figure 4 ς PE Proto#1 (FR4) ς Photo ς The 3 red circles highlight the Drive and two Comparators 

FPGA-based Multi-GbpsSelf-monitoring Pin-Electronics Evaluation Board

Note:  This is a prototype,

for initial evaluation only.
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Figure 5 ς PE Proto#1 ς Driver performance ς 1.6Gbps 

 

 

Figure 6 ς PE Proto#1 ς Driver performance - 10 Gbps ς No Pre-emphasis 

(3) Pin electronics design and prototype #2 (see also Appendix C) 

Splitter Output

10% 100ps Pre-emphasis

10% 100ps Pre-emphasis
1.6 Gbps

Driver Inverted Channel Output

0% Pre-emphasis

0% 60ps Pre-emphasis
10.0 Gbps



As noted above, during the evaluation of the initial PE prototype we found that the full capability of the 

Driver was not realized completely due to the limited design-optimization and choice of FR4 as the PCB 

material.  Therefore, in a second PE prototype, we improved several aspects of the design as well as 

used low-loss dielectrics (Rogers 4350) in the PCB fab.  In a second (improved) prototype#2 we made the 

following changes: 

(a) Replaced FR4 with Rogers 4350 (low-loss dielectric) for the outer. 

(b) Improved the grounding via arrangement and pad geometry of the edge-launch SMA connector. 

(c) Changed the Driver and Delay IC DC bias to better match the DUT operating range. 

(d) Improved/optimized the power-splitter geometry to reduce parasitic effects, and make a better 

impedance match to Z0=50 Ohms. 

(e) Replaced the ~100 Ohm transmission lines to the comparators with 50 Ohms. 

(f) Improved the power distribution and decoupling for the Driver and other ICs. 

(g) Built a similar PE, except with the Dual Transmission line arrangement. 

(h) !ŘŘŜŘ ōƛŀǎƛƴƎ ǊŜǎƛǎǘƻǊǎ ŦƻǊ ǘƘŜ Ψутп ŎƭƻŎƪ ƛƴǇǳǘǎΦ 

As a result we obtained better performance and more fully realized the full capabilities of the Driver and 

Comparator components.  These are summarized below (see also Appendix C for more details): 

¶ The Driver was demonstrated at 3.2Gbps with excellent performance. 

¶ The Driver was found to work very well at 6.4Gbps (its spec), but showed a tendency for pulse-

width distortion. 

¶ Surprisingly the Driver was able to handle signals up to 12 Gbps, with some degradation in 

quality (slightly higher jitter above 10 Gbps). 

¶ The comparatoǊǎ ŀƭǎƻ ǿƻǊƪŜŘ ǿŜƭƭ ǳǇ ǘƻ млDōǇǎ όΨстпύ ŀƴŘ мнDōǇǎ όутпύ ǿƛǘƘ ǎƻƳŜ ŀŘŘŜŘ ƧƛǘǘŜǊ 

ŦƻǊ ǘƘŜ Ψстп ŘŜǾƛŎŜΦ  ²Ŝ ōŜƭƛŜǾŜ ǘƘŀǘ ƳǳŎƘ ƻŦ ǘƘŜ ŀŘŘŜŘ ƧƛǘǘŜǊ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ Ψстп ǿŀǎ ŘǳŜ ǘƻ 

damage of the input protection circuitry, even though the device continued to function it was 

degraded. 

¶ Overall signal quality was noticeably improved (sharper edges, less overshoot, less 

ringing/reflections) as compared to PE Prot#1. 

¶ The Driver biasing to match the DUT/Comparator range worked as expected. 

¶ The Driver still showed a tendency for pulse-width distortion.  We will investigate this issue and 

look for a way to improve it. 

¶ The optimized signal splitter worked much better at matching to 50-Ohms, and accounts for at 

least some of the observed improvement in the Driver output signal quality. 

¶ ¦ƴŦƻǊǘǳƴŀǘŜƭȅ ǿŜ ŎƻƴǘƛƴǳŜŘ ǘƻ ƘŀǾŜ ǘǊƻǳōƭŜ ǿƛǘƘ ǘƘŜ Ψстп ŀƴŘ Ψутп ƛƴǇǳǘ ǇǊƻǘŜŎǘƛƻƴ ŎƛǊŎǳƛǘǎΦ  

We strongly suspect that this is a result of sensitivity to the power-up sequence.  We will 

continue to explore this issue.  One possible solution may be to use additional protection 

elements that keep the inputs safely-biased during power-ǳǇΦ  ²ŜΩǾŜ ŀƭǊŜŀŘȅ ŘƻƴŜ ǘƘƛǎ ƻƴ ǘƘŜ 

Ψутп ŎƭƻŎƪ ƛƴǇǳǘǎΣ ŀƴŘ ƛǘ ŀǇǇŜŀǊǎ ǘƻ ƘŀǾŜ ǿƻǊƪŜŘ ŦƻǊ ǘƘŜǎŜ ƛƴǇǳǘǎΦ 



 

Figure 7 ς PE Proto#2 ς Driver performance ς 3.2Gbps (with 10% 100ps pre-emphasis) 

 

Figure 8 ς PE Proto#2 ς Driver performance - 10 Gbps 



 

Figure 9 ς PE Proto#2 ς Ψутп /ƻƳǇŀǊŀǘƻǊ ƻǳǘǇǳǘ ς 3.2 Gbps 

 

 
Figure 10 ς Driver Output at 3.2Gbps with no pre-emphasis. 

Notice that p-p jitter is 20.8ps, signal amplitude is 400mV. 

Notice that the rising edge does not reach the upper rail. 

 



 
Figure 11 ς Driver Output at 3.2Gbps with minimal pre-emphasis (60ps, 10%). 

Jitter and signal-amplitude are the same as in Fig.10. 

Notice that both rising and falling edges swing between the rails. 

 

 
Figure 12 ς Driver Output at 3.2Gbps with minimal pre-emphasis (60ps, 10%). 

Expanded time-scale (39ps/div). 

Notice that p-p Jitter is 18.2ps at 2-khits. 

 

 



 
Figure 13 ς Driver Output at 3.2Gbps with minimal pre-emphasis (60ps, 10%). 

Expanded time-scale (39ps/div), and longer data-acquisition (60-khits), jitter is 24ps. 

Effect of increasing pre-emphasis duration (60ps to 100ps) 

 

 
Figure 14 ς Driver Output at 3.2Gbps with minimal pre-emphasis (60ps, 10%). 

Time-scale (79ps/div), data-acquisition (2-khits), jitter is 24.6ps. 

Compare to Fig.15, to see the effects of longer pre-emphasis duration. 



 
Figure 15 ς Driver Output at 3.2Gbps with longer pre-emphasis (100ps, 10%). 

Time-scale (79ps/div), data-acquisition (2-khits), jitter is 21.1ps. 

Compare to Fig.14, to see the effects of longer pre-emphasis duration. 

  



(4) Test module system-level design and integration - έaŀƛƴέ .ƻŀǊŘ όǎŜŜ !ǇǇŜƴŘƛȄ 5ύ 

As a result of our successful evaluation of the Kintex-7 FPGA, we were confident it would work well in 

ƻǳǊ ŀǇǇƭƛŎŀǘƛƻƴΦ  ²Ŝ ǘƘŜǊŜŦƻǊŜ ǇǊƻŎŜŜŘŜŘ ǘƻ ŘŜǾŜƭƻǇ ŀ άaŀƛƴ ōƻŀǊŘέ ǘƘŀǘ ǿƻǳƭŘ ǎǳǇǇƻǊǘ ǘƘŜ YƛƴǘŜȄ-7 

and up to 16 PE cards within an ATE system (specified by SEC).  The Main board receives power and 

control signals through several high-pin-count connectors near its bottom edge (see the floor-plan 

diagram in Fig.16).  The board is divided into 4 sections, each of which supports 4 connectors for PE 

modules/cards.  Initially we plan that each PE card will have 4 channels, so the total would be 64 

channels.  In this prototype design, we actually connect only 4 of these to a single Kintex-7 FPGA, which 

is located to the right of the board center.  The other areas show that expansion to 64 I/O channels is 

straightforward.  The 16 PE card connectors are arranged across the top of the Main Board so that each 

PE card will be perpendicular to the Main Board.  Connections to the DUT interface board will be 

through 4 SMP connectors pointing upwards from each PE card.  In a fully-configured arrangement there 

will be 64 SMP blind-mate connectors pointing upwards from the PE cards to the bottom side of the 

DUT interface board.  During the prototype evaluation we will limit this to 16 channels, maximum. 

 

Figure 16 ς άaŀƛƴ ōƻŀǊŘέ ŦƭƻƻǊ-plan and mechanical properties. 

Schematics for the Main Board have been developed and are shown in Appendix D.  The layout of the 

Main Board has been subcontracted, and is currently underway.  Preliminary estimates are that it will be 

fabricated using ~20 layers, 3mm thick, using either blind vias or back-drilled to avoid stubs, and using 

Nelco low-loss dielectric material for the critical signal layers.  We expect the board to be fabricated in 

January 2013. 

  



(5) Design of 4-channel PE card (preliminary) 

Largely as a result of our experiments with PE proto#1 and #2, we are now confident that we can build a 

successful PE card with multiple channels.  We will be completing the design/layout in early January, and 

fabricating the PCBs around the end of January.  Most of the critical logic will be similar to the earlier 

ŘŜǎƛƎƴǎΦ  IƻǿŜǾŜǊΣ ǿŜ ǿƛƭƭ ōŜ ŀǊǊŀƴƎƛƴƎ ǘƘŜ ŎƛǊŎǳƛǘǊȅ ŦƻǊ п ŎƘŀƴƴŜƭǎ ƻƴǘƻ ŀ ϤоέȄнέ t/.Φ !ƴ ŀǇǇǊƻȄƛƳŀǘŜ 

floor-plan for this card is shown in Fig.17.  On the bottom edge of the card is a Samtec 104-pin edge-

mounted connector.  This will be used to connection to the Main Board for signals, grounds and power.  

On the right side edge are four blind-mate SMP connectors that carry the main signals to/from the DUT.  

The logic design of each channel will be similar to PE Proto#2, with the following changes: 

(a) Addition of a mechanical RF relay to allow switching between high-speed and DC test. 

(b) Substitute serial-programmable DACs for previous potentiometers (for Driver and Comparator 

control voltages). 

(c) Provide a high-current DAC for control of the Driver DC-offset (VTerm), replacing an external 

power supply input. 

(d) tǊƻǾƛŘŜ ŀƴ ƻǇǘƛƻƴ ŦƻǊ ƛƳǇƭŜƳŜƴǘƛƴƎ ǘƘŜ άǎƛƳǳƭǘŀƴŜƻǳǎ ōƛŘƛǊŜŎǘƛƻƴŀƭ ǎƛƎƴŀƭƛƴƎέ ŀǇǇǊƻŀŎƘ ǳǎƛƴƎ 

ǘƘŜ ǇǊƛƳŀǊȅ ŎƻƳǇŀǊŀǘƻǊ όΨстпύΦ  ¢Ƙƛǎ ǿƛƭƭ ŀƭƭƻǿ ǘƘŜ CtD! ǘƻ ǊŜŎŜƛǾŜ ǘƘŜ 5¦¢ ƻǳǘǇǳt without 

ƛƴǘŜǊŦŜǊŜƴŎŜ ŦǊƻƳ ǘƘŜ 5ǊƛǾŜǊ ǎƛƎƴŀƭΣ ǘƘŜǊŜōȅ ŜƭƛƳƛƴŀǘƛƴƎ ǘƘŜ ά5ŜŀŘ ȊƻƴŜέ ǘƛƳƛƴƎ ǇǊƻōƭŜƳΦ 

(e) Replace SMA connection to the DUT with SMP connectors. 

 

 

Figure 17 ς 4-Channel PE Card floor plan (preliminary). 

(6) Self-monitoring/optimization enhancements 
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The main enabler for self-ƳƻƴƛǘƻǊƛƴƎ ƛƴ ƻǳǊ ƛƴƛǘƛŀƭ ŘŜǎƛƎƴ ƛǎ ŘǳŜ ǘƻ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŜ άǎƘŀŘƻǿέ 

sampler.  Because this measurement element operates independently from the primary sampler, it can 

be used to gather channel-characterization information even while the normal functional testing is 

performed (by the primary sampler).  Therefore it does not impede the normal functional test process.  

On the other hand, while the primary sampler will normally sample in the middle of the data eye, the 

shadow sampler can be programmed to observe the signal characteristics near the data-eye boundaries.  

This is where distortions in the signal will first occur, and is where information about non-ideal operating 

characteristics is available.  In an extreme situation, a failing channel can be quickly identified.  However, 

even slightly-degraded channels may be detected with the shadow sampler.  Furthermore, since we are 

not planning to implement the simultaneous bidirectional signaling approach in the shadow sampler, we 

will have access to other information that is hidden from the primary sampler (namely the Driver signal).  

So we can use the shadow sampler to observe the Driver signal quality and the DUT signal quality, as 

well as distortions from defective channel transmission lines.  In an off-line mode, the shadow sampler 

will facilitate TDR measurements, Driver/Comparator de-skew and voltage calibration, and channel 

length calibration.  Therefore, while the addition of a shadow sampler, at first appears redundant, in fact 

it is very effective at enabling many channel characterization techniques.   

The choice of the Micrel driver, with amplitude/offset-voltage/phase/pre-emphasis adjustments also 

means that we can use the shadow sampler information to correct or enhance the Driver signal quality.  

We have already demonstrated (in PE proto#1 and #2) that a small amount of pre-emphasis can 

improve the signal.  We are looking forward to further developing these techniques when we have the 

4-channel PE cards connected to the Main board in 2013. 

 

Figure 18 ς Data Eye Monitoring. 

(7) Introduction to new material (January ς April 2013) 



Review - During the first 6 months of the project (July-Dec 2012) we concentrated on: 

 (a) Establishing the system-level approach. 

 όōύ Lƴƛǘƛŀƭ ŘŜǎƛƎƴ ƻŦ ǘƘŜ άaŀƛƴ ōƻŀǊŘέ όYƛƴǘŜȄт CtD! ŎƻƴǘǊƻƭƭŜǊΣ ŜǘŎύ 

 (c) 5ŜǎƛƎƴ ƻŦ ǇǊƻǘƻǘȅǇŜ άtƛƴ 9ƭŜŎǘǊƻƴƛŎǎέ όt9ύ ŎƘŀƴƴŜƭΣ ƛƴŎƭǳŘƛƴƎ 5ǊƛǾŜǊΣ Řǳŀƭ ǊŜŎŜƛǾŜǊǎΣ ŘŜƭŀȅΣ 

 and clock distribution. 

 (d) Fab, assembly, and test of two PE prototype evaluation circuits. 

 (e) Evaluation of Kintex7 capabilities. 

 (f) Preliminary development of TDR and eye-monitor algorithms. 

 (g) Initial floor plan and top-level circuit design for a 4-channel PE card. 

 (h) Interim Report preparation. 

Progress Summary ς During the latest 4 months (Jan-April) we completed the following tasks: 

(a) Completion and update of the main board design (January - COMPLETE). 

(b) Completion of the first 4-Channel PE card design (January- COMPLETE). 

(c) Fab and Assembly of the main board (February- COMPLETE). 

(d) Fab and Assembly of the first 4-channel PE card (February- COMPLETE). 

(e) Debug and evaluation of the main board (Feb/March- COMPLETE). 

(f) Test of the first PE4 card (Feb-April- COMPLETE). 

(g) Develop and apply TDR and eye-monitor algorithms using the Main Board and PE4 card  

 (March/April- COMPLETE) 

(h) Redesign the PE4 card to correct DC-offset error and other improvements (March/April- COMPLETE). 

(i) Fab the second PE4 card (April- COMPLETE) 

(j) Assemble/Test the second PE4 card (late April, in-progress) 

(k) Test and evaluate the TDR and eye-monitor performance (April, in-progress) 

(l) Final Report preparation (April- COMPLETE). 

 

(8)  Main Board design 



The Main Board design was completed in January.  It was designed using a 20-layer PCB stackup 

configuration that supports 8 signal layers, 8 ground planes, and 4 split-plane power supply layers.  The 

dielectric was NELCO.  The total designed board thickness was 3mm (about 120 mils), which is twice as 

ǘƘƛŎƪ ŀǎ ǎǘŀƴŘŀǊŘ όлΦлснέύ t/.ǎΦ  ! ǎƪŜǘŎƘ ƻŦ ǘƘŜ Ƴŀƛƴ ŦŜŀǘǳǊŜǎ ƻŦ ǘƘŜ t/. ƛǎ ǎƘƻǿƴ ƛƴ Fig.19.  These 

include: 

¶ Xilinx Kintex-7 FPGA used as a central controller 

¶ Digilent JTAG interface module 

¶ Cypress USB 2.0 interface  

¶ SMAs for clock and evealuation signals 

¶ Utility LEDs and user-definable DIP switches 

¶ Positions for 16 Samtec 104-pin high-density connectors (10Gbps capable) 

¶ 4 populated Samtec connectors (each for supporting one of the PE4 channel cards) 

¶ Two multi-pin connectors for providing multiple power supplies from the host tester 

¶ Two multi-pin connectors for providing logic signals to/from the host tester 

¶ Auxiliary power connectors (for bench-top operation during prototype development) 

A photograph of the Main Board is shown in Fig.20.  Updated schematics are included in Appendix E and 

ǘƘŜ Ŧƛƴŀƭ ƭŀȅƻǳǘ ŘǊŀǿƛƴƎǎ όάDŜǊōŜǊǎέύ ŀǊŜ ǎƘƻǿƴ ƛƴ Appendix F. 

 

Figure 19 ς Main Board key features. 
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Figure 20 ς Main Board Photograph. 

 

After developing the schematics for the Main Board, a 3rd party contractor was used to perform the 

layout of the 20-layer board.  This occurred in November-January.  Then the layouts were sent to 

another PCB fabrication company, which built the boards in January.  Two copies were delivered to 

Georgia Tech in earƭȅ CŜōǊǳŀǊȅΦ  hƴŜ ƻŦ ǘƘŜǎŜ ƘŀŘ άōŀŎƪ-drƛƭƭŜŘέ Ǿƛŀǎ ŦƻǊ ǘƘŜ Ƴƻǎǘ ŎǊƛǘƛŎŀƭ ǎƛƎƴŀƭǎΦ  ¢ƘŜ 

other did not.  Since we were concerned that the back-drilling might have damaged the vias, we chose 

to try the non-back-drilled version first.  We assembled the Main Board using our in-house prototyping 

facilities, including the mounting of the 900-ball FPGA, using stencil-printed solder-paste.  Some photos 

of this hand-assembly process are shown in Fig.21.  The in-house hand assembly process allowed us to 

incrementally build/test portions of the Main Board, so that each section could be checked before 

proceeding.  In most cases we were able to proceed from one step to the next without significant 

rework.   Some of the finer-pitch devices required some rework.  We also found a problem with the 

ǇƻǿŜǊ Ǉƛƴǎ ƻŦ ǘƘŜ {ŀƳǘŜŎ ǎƻŎƪŜǘΣ ǿƘƛŎƘ ǿŜǊŜ ƛƴǘŜƴŘŜŘ ŦƻǊ лΦлснέ ǘƘƛŎƪ t/.ǎΦ  {ƛƴŎŜ ƻǳǊǎ ǿŀǎ ŀōƻǳǘ 

twice that thickness, these pins did not extend far enough through the board to allow hand-soldering.  

We eventually got good solder connections using a very fine tipped iron and a lot of heat.  Otherwise, 

the main board assembly/test proceeded smoothly. 

 



                    

  

Figure 21 ς Main Board Assembly process (Feb.15, 2013). 

  



(9) PE4 (Rev1) Design 

Figure 22 illustrates one (of four) channels in the first (Rev1) PE4 circuit.  It consists of a programmable 

Delay chip (U1) that takes high-speed differential data from the Xilinx Kintex-7 via a SamTec multi-pin 

connector (J1), and provides a delayed version of that data to the Driver IC (U2).  The Driver output 

ǇŀǎǎŜǎ ǘƘǊƻǳƎƘ ŀ ǊŜǎƛǎǘƛǾŜ άǎǇƭƛǘǘŜǊέ ƧǳƴŎǘƛƻƴ ǘƘŀǘ ǇǊƻŘǳŎŜǎ ǘƘǊŜŜ ƻǳǘǇǳǘǎΦ  ¢ǿƻ ƻŦ ǘƘŜ ǎǇƭƛǘǘŜǊ ƻǳǘǇǳǘǎ 

ŀǊŜ άǇǊƻōŜŘέ ǳǎƛƴƎ нлл hƘƳ ǎŜǊƛŜǎ ǊŜǎƛǎǘƻǊǎ together with 50 Ohm terminations within the two 

comparator ICs (U3 and U4).  These 200/50 Ohm resistors form a 5:1 resistive divider with an effective 

impedance of 250 Ohms, so each comparator receives an attenuated version of the voltage at the 

splitter junction.  Most of the signal energy passes through the two 10-Ohm series resistors, then 

through the relay (U5) and SMP to the device-under-test.  For signals returning from the DUT, the active 

Driver forms part of the termination structure (along with the resistive dividers of the two comparators).  

The symmetric arrangement of the junction resistors provides a 50-Ohm impedance match looking into 

the junction either from the Driver or from the DUT.  Therefore, the high-speed logic signals pass 

through the junction in either direction without significant distortions or reflections.  In practice, the 

junction is made up of non-ideal resistor elements (with parasitic inductance and capacitance), so there 

is a small distortion. 

 

Figure 22 ς Block diagram of the PE4( REV1) channel #1 circuit. 
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The Driver compliment output is shown with a terminating load resistor (R=60), so that the differential 

CML circuit remains balanced.  In fact we found out experimentally that the CML outputs do not work so 

well with the termination set to Ground.  In the final version of this circuit (see later section) the design 

ǿŀǎ ŎƘŀƴƎŜŘ ǎƻ ǘƘŀǘ ǘƘŜ ǘŜǊƳƛƴŀǘƛƻƴ ǿŀǎ ǘƻ ±ǊŜŦпΣ ǿƘƛŎƘ ƛǎ ǎŜǘ ǎƭƛƎƘǘƭȅ ŀōƻǾŜ ǘƘŜ ƭƻƎƛŎ άƘƛƎƘέ ƭŜǾŜƭΦ  CƻǊ 

this reason, most of our measurements on the first PE4 circuit were done with an AC-coupling capacitor 

replacing the first 10-Ohm series resistor, and also AC-coupling the complimentary Driver output signal. 

Also shown in the figure is an optional 210 Ohm resistor that connects some of the Driver Compliment 

signal to the leg of the junction that produces the ǎƛƎƴŀƭ ŦƻǊ ǘƘŜ άtǊƛƳŀǊȅέ ŎƻƳǇŀǊŀǘƻǊ ό¦оύΦ  ¢Ƙƛǎ ǎƛƎƴŀƭ 

should cancel the attenuated Driver signal for the primary comparator.  The only remaining signal 

ŎƻƳǇƻƴŜƴǘ ǿƻǳƭŘ ōŜ ǘƘŀǘ ƻŦ ǘƘŜ 5¦¢Φ  ¢Ƙƛǎ ƛǎ ŀƴ ŀǇǇǊƻŀŎƘ ŎŀƭƭŜŘ ά{ƛƳǳƭǘŀƴŜƻǳǎ .ƛŘƛǊŜŎǘƛƻƴŀƭ {ƛƎƴŀƭƛƴƎέ 

ǘƘŀǘ ŀƭƭƻǿǎ ǘƘŜ ǇǊƛƳŀǊȅ ǊŜŎŜƛǾŜǊ ǘƻ άǎŜŜέ ƻƴƭȅ ǘƘŜ 5¦¢ ǎƛƎƴŀƭΣ ǿƘƛƭŜ ƛƎƴƻǊƛƴƎ ǘƘŜ 5ǊƛǾŜǊ ƻǳǘǇǳǘΦ  

Therefore the Driver can send data even at the same time that the primary comparator is receiving data 

from the DUT.  In this way the PE and the DUT can share the single transmission line for bidirectional 

ŎƻƳƳǳƴƛŎŀǘƛƻƴΣ ǿƘƛƭŜ ŀǾƻƛŘ άŘŜŀŘ ȊƻƴŜέ ǘƛƳƛƴƎ ŎƻƴŦƭƛŎǘǎΦ  {ƻ ŦŀǊ όŀǎ ƻŦ !ǇǊil) we have NOT implemented 

this optional arrangement in the PE4 prototype.  Instead, we have left off the 210 Ohm resistor, and 

tested the channel in one direction at a time.  Later experiments will determine how well the 

simultaneous bidirectional signaling will work in this arrangement. 

The Primary receiver (U3) is a very high-sensitivity comparator, capable of detecting logic signals less 

than 10mV.  It is used to detect and amplify the high-speed signal coming from the DUT, and to create 

the differential logic signals needed for the Xilinx Kintex-7.  This comparator (form Hittite) is intended for 

applications up to 10Gbps. 

The Secondary receiver (U4) is also a very high-sensitivity comparator, capable of detecting logic signals 

less than 10mV.  However, unlike the primary receiver, the secondary receiver has an edge-triggered 

άŎƭƻŎƪέ ƛƴǇǳǘ ǘƘŀǘ ŘŜŦƛƴŜǎ ŀƴ ŜȄǘǊŜƳŜƭȅ ǎƘƻǊǘ ǎŀƳǇƭƛƴƎ ǿƛƴdow (~5ps).  The clock signal is produced in 

the Kintex-7 FPGA, and is optionally delayed using the Delay IC (U1) with 5ps resolution and 5ns range.   

¢ƘŜ ǎŜŎƻƴŘŀǊȅ ǊŜŎŜƛǾŜǊ ƛǎ ƛƴǘŜƴŘŜŘ ǘƻ άǎŀƳǇƭŜέ ǘƘŜ ǎƛƎƴŀƭ ŀǘ ǘƘŜ ƧǳƴŎǘƛƻƴ ŀƴŘ ǘƘŜǊŜōȅ ƳƻƴƛǘƻǊ ŜƛǘƘŜǊ ǘƘŜ 

Driver output or the DUT output signals.  This sampler may gather test information without interrupting 

ǘƘŜ ƴƻǊƳŀƭ ŦǳƴŎǘƛƻƴŀƭ ǘŜǎǘ ǎŜǉǳŜƴŎŜΦ  {ƛƴŎŜ ƛǘ ǿƻǊƪǎ ƛƴ ǘƘŜ ōŀŎƪƎǊƻǳƴŘΣ ǿŜ Ŏŀƭƭ ƛǘ ŀ άǎƘŀŘƻǿέ ǎŀƳǇƭŜǊΦ 

Some minor modifications to this PE4 design were later made in the Rev2 version that is described later, 

and is currently under evaluation.  The main change (form Rev1 to Rev2) was to provide more flexibility 

for changing the termination voltage for signals coming from the Driver.  This was done to better match 

the Driver CML output loading conditions.  See the later section for some information on Rev2.   

 

  



 (10) Main Board Performance (up to 12 Gbps) 

The Main Board serves as a central controller for the high-speed signals provided to, and obtained from 

the DUT.  Based on the Xilinx Kintex-7 FPGA, it can produce up to 16 high-speed differential inputs and 

мс ƘƛƎƘ ǎǇŜŜŘ ŘƛŦŦŜǊŜƴǘƛŀƭ ƻǳǘǇǳǘΣ ŀƭƻƴƎ ǿƛǘƘ ǎŜǾŜǊŀƭ ƘǳƴŘǊŜŘ άƭƻǿέ ǎǇŜŜŘ ǎƛƎƴŀƭǎ όǳǇ ǘƻ мDōǇǎύΦ  Lƴ ǘƘƛǎ 

section we demonstrate the ability of the Main Board to produce high-quality signals at 3.2Gbps (the 

target speed for our project) and even as high as 12.5Gbps (well above target).  The signals shown below 

were obtained by programming the Kintex-7 GTX transmitters to output a pseudo-random bit sequence 

at the desired frequency.  These signals were transmitted from the FPGA to the SamTec connectors 

using 100-Ohm differential striplines within the Main Board.  After passing through the SamTec and its 

mating connector, the signals traveled through about 4 or 5 inches of microstrip transmission line on a 

Rogers4350 PCB that we had designed for making convenient connection to the high speed signals.  This 

ά.ǊŜŀƪƻǳǘέ ōƻŀǊŘ ŎƻƴƴŜŎǘǎ ǘƘŜ ǎƛƎƴŀƭǎ ǘƻ ƘƛƎƘ-quality SMA launches for convenient connection to test 

instruments (we used GORE SMA cables and an Agilent 86100D 50GHz sampling Oscilloscope).  See the 

photograph of this arrangement in Fig.30.  The resulting signals at 3.2Gbps, 6.4Gbps, 10.0Gbps, and 

12.0Gbps are shown in Figures 31, 32, 33, and 34, respectively. 

 

Fig.30 ς Photograph of the high-ōŀƴŘǿƛŘǘƘ ά.ǊŜŀƪƻǳǘέ ōƻŀǊŘ ƳƻǳƴǘŜŘ ƻƴ ǘƘŜ aŀƛƴ .ƻŀǊŘΦ 



 

Fig.31 ς Data eye diagram at 3.2 Gbps from the Main Board (156ps/div). 

 

Fig.32 ς Data eye diagram at 6.4 Gbps from the Main Board (78ps/div). 



 

Fig.33 ς Data eye diagram at 10.0 Gbps from the Main Board (50ps/div). 

 

Fig.34 ς Data eye diagram at 12.0 Gbps from the Main Board (42ps/div). 



(11)  PE4 (Rev1) Performance (1.6 Gbps to 5.0 Gbps) 

(a) Driver Optimization using Pre-emphasis adjustments 

In the following figures we show how adjustment of the Pre-emphasis parameters can be used to 

optimize the Driver signal wave-ǎƘŀǇŜ ŀƴŘ ǘƻ άƻǇŜƴ ǳǇέ ǘƘŜ Řŀǘŀ ŜȅŜΦ  Lƴ ƎŜƴŜǊŀƭΣ ǇǊŜ-emphasis is added 

to boost the high-speed signal amplitude shortly following logic transitions in order to partially 

compensate for losses in the transmission line.  The Micrel Driver has 5 digital programming bits for 

adjusting the voltage-amplitude and time-duration of the pre-emphasis added to the nominal signal 

wave-shape.  Three bits select from 0%, 10%, 15%, 25%, or 33% amplitudes, and two bits are used to set 

the time-duration as 60ps, 100ps, 200ps, or 400ps.  For out PE card, we found that only 10% or 15% was 

needed to obtain optimal performance, and that 100ps or 200ps was the optimal time duration for the 

frequencies of interest (1 to 5 Gbps).  Using too large of amplitude (25% or 33%) results in unwanted 

άƻǾŜǊǎƘƻƻǘέΦ  [Ŝǎǎ ǘƘŀƴ мллǇǎ ŘǳǊŀǘƛƻƴ ǊŜǎǳƭǘǎ ƛƴ ǳƴŘŜǎƛǊŀōƭŜ άǊƛƴƎƛƴƎέΦ  Figures 35-41 show some 

examples of 3.2 Gbps with different combinations of pre-emphasis. 

 

Fig.35 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (No pre-emphasis). 

 



 

Fig.36 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (10% 60ps pre-emphasis). 

 

 

Fig.37 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (10% 100ps pre-emphasis). 



 

Fig.38 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (10% 200ps pre-emphasis). 

 

 

Fig.39 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (15% 60ps pre-emphasis). 



 

Fig.40 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (15% 100ps pre-emphasis). 

 

 

Fig.41 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (15% 200ps pre-emphasis). 



(b) Driver Performance at 1.6 Gbps (0-900mV) 

In this section we show the ability to program the Driver amplitude (single-ŜƴŘŜŘ άǎǿƛƴƎέύΦ  ¢Ƙƛǎ ƛǎ 

accomplished by programming a DAC voltage within about 1 Volt range.  The resulting signal swing 

varies, nearly linearly, from near zero to about 700mV.  Figures 42-56 show the change in signal swing 

from 50mV to 700mV in 50mV increments.  For these measurements, the premphasis was set to 10% 

with 200ps duration, except for 650mV, 700mV and 900mV where no preemphasis is applied. 

 

Fig.42 ς Data eye diagram at 1.6 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 50mV swing. 

 

Fig.43 ς Data eye diagram at 1.6 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 100mV swing. 



 

Fig.44 ς Data eye diagram at 1.6 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 150mV swing. 

 

Fig.45 ς Data eye diagram at 1.6 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 200mV swing. 

 



 

Fig.46 ς Data eye diagram at 1.6 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 250mV swing. 

 

Fig.47 ς Data eye diagram at 1.6 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 300mV swing. 

  



 

Fig.48 ς Data eye diagram at 1.6 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 350mV swing. 

 

Fig.49 ς Data eye diagram at 1.6 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 400mV swing. 

 



 

Fig.50 ς Data eye diagram at 1.6 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 450mV swing. 

 

Fig.51 ς Data eye diagram at 1.6 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 500mV swing. 

 



 

Fig.52 ς Data eye diagram at 1.6 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 550mV swing. 

 

Fig.53 ς Data eye diagram at 1.6 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 600mV swing. 

 



 

Fig.54 ς Data eye diagram at 1.6 Gbps from PE4-Rev1 (No pre-emphasis) 650mV swing. 

 

Fig.55 ς Data eye diagram at 1.6 Gbps from PE4-Rev1 (No pre-emphasis) 700mV swing. 

 



 

Fig.56 ς Data eye diagram at 1.6 Gbps from PE4-Rev1 (No pre-emphasis) 900mV swing. 

For Fig.56, we reduced the junction series resistance from 26 Ohms to 15 Ohms.  This change reduced 

the resistive-divider effect for the Driver output through the splitter junction, and allowed more of the 

Driver signal energy to be transmitted through the junction to the oscilloscope.  It also appears that the 

impedance mismatch is reduced by this change.  It may be necessary to optimize the junction series 

resistance experimentally, since it appears that the parasitics of the junction components are not 

negligible. 

 

  



(c) Driver Performance at 3.2 Gbps (0-700mV) 

In Figures 57-71 the Driver output is shown at 3.2Gbps using 10% and 200ps pre-emphasis, starting with 

50mV swing and incrementing in 50mV steps up to 700mV. 

 

Fig.57 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 50mV swing. 

 

Fig.58 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 100mV swing. 

 



 

Fig.59 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 150mV swing. 

 

Fig.60 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 200mV swing. 

 



 

Fig.61 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 250mV swing. 

 

Fig.62 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 300mV swing. 

 



 

Fig.63 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 350mV swing. 

 

Fig.64 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 400mV swing. 

 



 

Fig.65 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 450mV swing. 

 

Fig.66 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 500mV swing. 

 



 

Fig.67 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 550mV swing. 

 

Fig.68 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 600mV swing. 

  



 

Fig.69 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (No pre-emphasis) 650mV swing. 

 

Fig.70 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (No pre-emphasis) 700mV swing. 

  



 

Fig.71 ς Data eye diagram at 3.2 Gbps from PE4-Rev1 (No pre-emphasis) 900mV swing. 

For Fig.71, we reduced the junction series resistance from 26 Ohms to 15 Ohms.  This change reduced 

the resistive-divider effect for the Driver output through the splitter junction, and allowed more of the 

Driver signal energy to be transmitted through the junction to the oscilloscope.  There is however, some 

additional jitter observed using this arrangement, as shown in the Figure. 

 

 

 

  



(d) Driver Performance at 5.0 Gbps (0-700mV) 

While the project requirements were to develop the capability to test up to 3.2 Gbps, we designed the 

system to support even faster rates.  The following figures (Fig.72-85) show the PE4-Rev1 Driver output 

at 5.0 Gbps, which is nearly at its maximum rate.  This data rate is limited by the programmable Delay IC 

used in the PE4-Rev1 design.  All the other components (Driver, Comparators, Relay, Connectors, Kintex-

7) support data rates above 10.0 Gbps. 

 

Fig.72 ς Data eye diagram at 5.0 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 50mV swing. 

 

Fig.73 ς Data eye diagram at 5.0 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 100mV swing. 



 

Fig.74 ς Data eye diagram at 5.0 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 150mV swing. 

 

Fig.75 ς Data eye diagram at 5.0 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 200mV swing. 

 



 

Fig.76 ς Data eye diagram at 5.0 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 250mV swing. 

 

Fig.77 ς Data eye diagram at 5.0 Gbps from PE4-Rev1 (10% 200ps pre-emphasis) 300mV swing. 

 


