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ABSTRACT
This report summarizes the results of PCIe Gen 3.0 add-in card compliance testing using TI’s low-power
12.5 Gbps 8-channel advanced linear repeater. The advanced linear repeater is placed in a mid-channel
configuration between a PCIe Gen 3.0 graphics card and a compliance base board (CBB) and tested for
jitter, eye mask, and TX preset compliance. The results demonstrate the excellent signal conditioning
performance of TI's advanced linear repeaters, including TX FIR transparency, low additive jitter, violation-
free eye mask, and compliant preset ratios. This report shows TI's advanced linear repeaters are an ideal
solution to leverage PCIe root complex and end point FIR settings while extending the total channel reach
with high-performance equalization.
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1 Introduction
The testing carried out in this report is performed on the DS125BR820 low-power 12.5 Gbps 8-channel
repeater which is designed to support PCIe Gen 3.0, 40GbE (40G-CR4/KR4/SR4/LR4), and other
applications up to 12.5 Gbps. The linear nature of the DS125BR820’s equalization allows the root complex
(RC) and end point (EP) to freely negotiate transmit equalizer coefficients during link training. In addition,
low additive jitter and transparency of transmit FIR wave shape allows the DS125BR820 to support PCIe
Gen 3.0 systems. The test results presented in this report are representative of all TI's advanced linear
repeaters supporting PCIe Gen 3.0, including DS80PCI810, DS125BR111, and DS125BR401A (A
channels only).The PCIe compliance test setup used in this report is shown in Figure 1.

Figure 1. PCIe Compliance Test Setup With DS125BR820 Repeater

2 Advanced Linear Repeater Device Configuration
The DS125BR820 is configured to operate in pin mode with the voltage output differential (VOD) set to
Level 6, which is the maximum VOD setting possible in pin mode. VOD Level 6 provides the highest
degree of linearity between the input and output. The equalization is configured to the lowest level (EQ
Level 1) since the DS125BR820 is located at a close proximity to the PCIe Gen 3.0 graphics card. The
RXDET pin is set to the “Float” condition allowing auto-detection of the downstream/upstream receiver's
termination.

All trademarks are the property of their respective owners.
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Table 1. DS125BR820 Settings Used for Testing

EQ SETTING VOD SETTING RXDET
VALUE PIN STRAP VALUE PIN STRAP VALUE PIN STRAP

VODA1 = VODB1 = 1 (1 kΩ to VIH) Auto terminationLevel 1 0: 1 kΩ to GND Level 6 F: FloatingVODA0 = VODB0 = 0 (1 kΩ to GND) detection

3 Parametric Compliance With Advanced Linear Repeater
The data in Table 2 through Table 4 are extracted using the PCI-SIG SIGtest 3.2.0 software package. The
signal integrity limits are described in the PCIe base specification section 4.3.3.13 and PCIe CEM
specification sections 4.8.3, 4.8.2, and 4.8.1. The results show the system is passing PCIe Gen 3.0 signal
integrity compliance tests at 2.5 Gbps, 5 Gbps, and 8 Gbps, respectively.

Table 2. DS125BR820 Parametric Results at 2.5 Gbps

2.5 GbpsSigtest Default
Overall sigtest result Pass!
Mean unit interval (ps) 400.026007
Max unit interval (ps) 400.028876
Minimum unit interval (ps) 400.02287
Minimum time between crossovers (ps) 394.249166
Data rate (Gb/s) 2.499837
Per edge RMS jitter (ps) 9.250099
Mean median-to-peak jitter (ps) 30.442272
Max median-to-peak jitter (ps) 39.936779
Minimum median-to-peak jitter (ps) 25.782506
Mean peak-to-peak jitter (ps) 41.950994
Max peak-to-peak jitter (ps) 55.056088
Minimum eye width (ps) 344.973912
Minimum peak-to-peak jitter (ps) 36.186794
Minimum transition eye voltage (V) –0.528
Maximum transition eye voltage (V) 0.5232
Composite eye height 0.514
Composite eye location 0.5
Minimum transition eye voltage margin above eye (V) 0
Minimum transition eye voltage margin below eye (V) 0
Minimum transition eye height (V) 0.514
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Table 3. Parametric Results at 5 Gbps

Sigtest 5 Gbps/ 3.5 dB 5 Gbps/ 6 dB
Overall sigtest result Pass! Pass!
Mean unit interval (ps) 200.013 200.014
Minimum time between crossovers (ps) 194.598 194.318
Data rate (Gb/s) 5.000 5.000
Max peak-to-peak jitter (ps) 39.550 47.379
Total jitter at BER of 10E–12 (ps) 51.142 60.350
Minimum eye width (ps) 148.858 139.650
Deterministic jitter delta-delta jitter (ps) 11.224 20.226
Random jitter (RMS) 2.839 2.854
Minimum transition eye voltage (V) –0.451 –0.446
Maximum transition eye voltage (V) 0.451 0.444
Minimum non-transition eye voltage (V) –0.430 –0.389
Maximum non-transition eye voltage (V) 0.422 0.391
Composite eye height 0.622 0.474
Composite eye location 0.500 0.500
Minimum transition eye voltage margin above eye (V) 0.158 0.196
Minimum transition eye voltage margin below eye (V) –0.165 –0.212
Minimum transition eye height (V) 0.703 0.714
Minimum non-transition eye voltage margin above eye (V) 0.120 0.106
Minimum non-transition eye voltage margin below eye (V) –0.122 –0.108
Minimum non-transition eye height (V) 0.622 0.474
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Table 4. Parametric Results at 8 Gbps

Sigtest Preset 0 Preset 1 Preset 2 Preset 3 Preset 4 Preset 5 Preset 6 Preset 7 Preset 8 Preset 9 Preset 10
Overall sigtest result Pass! Pass! Pass! Pass! Pass! Pass! Pass! Pass! Pass! Pass! Pass!
Mean unit interval (ps) 125.009 125.009 125.009 125.009 125.009 125.009 125.009 125.009 125.009 125.009 125.009
Minimum time between crossovers (ps) 103.747 102.102 101.657 99.746 96.609 104.313 103.616 106.528 107.018 107.702 106.483
Data rate (Gb/s) 7.999 7.999 7.999 7.999 7.999 7.999 7.999 7.999 7.999 7.999 7.999
Max peak-to-peak jitter (ps) 41.982 34.513 35.779 29.913 34.530 33.297 34.705 40.480 37.045 39.537 45.913
Total jitter at BER of 10E–12 (ps) 42.241 34.064 36.182 30.021 33.913 33.068 33.225 40.147 37.016 39.212 45.487
Minimum eye width (ps) 82.759 90.936 88.818 94.979 91.087 91.932 91.775 84.853 87.984 85.788 79.513
Deterministic jitter delta-delta jitter (ps) 34.722 27.095 28.850 23.201 27.383 26.387 26.622 32.727 29.967 32.198 37.752
Random jitter (RMS) 0.535 0.496 0.522 0.485 0.464 0.475 0.470 0.528 0.501 0.499 0.550
Minimum transition eye voltage (V) –0.177 –0.189 –0.190 –0.190 –0.198 –0.185 –0.176 –0.163 –0.163 –0.150 –0.142
Maximum transition eye voltage (V) 0.170 0.183 0.184 0.184 0.198 0.185 0.176 0.158 0.159 0.147 0.139
Minimum non-transition eye voltage (V) –0.175 –0.189 –0.193 –0.192 –0.201 –0.191 –0.178 –0.163 –0.163 –0.152 –0.142
Maximum non-transition eye voltage (V) 0.171 0.184 0.186 0.187 0.200 0.187 0.178 0.157 0.158 0.150 0.139
Composite eye height 0.116 0.134 0.133 0.139 0.137 0.147 0.135 0.124 0.131 0.119 0.091
Composite eye location 0.448 0.444 0.444 0.436 0.464 0.448 0.464 0.500 0.480 0.452 0.480
Minimum transition eye voltage margin 0.039 0.044 0.044 0.046 0.045 0.049 0.042 0.037 0.039 0.036 0.026above eye (V)
Minimum transition eye voltage margin below –0.043 –0.047 –0.046 –0.049 –0.044 –0.050 –0.045 –0.041 –0.043 –0.034 –0.027eye (V)
Minimum transition eye height (V) 0.132 0.142 0.141 0.145 0.139 0.149 0.137 0.129 0.132 0.120 0.103
Minimum non-transition eye voltage margin 0.043 0.053 0.050 0.054 0.054 0.064 0.058 0.049 0.052 0.042 0.026above eye (V)
Minimum non-transition eye voltage margin –0.042 –0.051 –0.050 –0.052 –0.056 –0.063 –0.056 –0.052 –0.053 –0.039 –0.031below eye (V)
Minimum non-transition eye height (V) 0.135 0.154 0.151 0.156 0.160 0.177 0.163 0.151 0.155 0.131 0.108
CTLE equalization index 7 6 7 5 3 4 3 7 5 3 7
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4 Eye Diagrams With Advanced Linear Repeater
The data in the following sections show eye diagram test results for 2.5 Gbps, 5 Gbps, and 8 Gbps as
analyzed by the PCI-SIG SIGtest 3.2.0 software package and the PCIe CEM specification requirements.
For more details, see sections 4.8.1, 4.8.2, and 4.8.3 of the PCIe CEM 3.0 specification.

4.1 Eye Diagram at 2.5 Gbps

Table 5. Eye Requirements at 2.5 Gbps

Parameter Min Max Unit
Differential Peak to Peak Voltage 514 1200 mVp-p
De-Emphasized Differential Peak to Peak Voltage 360 1200 mVp-p
Minimum Eye Width 287 ps
Median-to-Max Jitter Outlier 56.6 ps

Figure 2. Default Eye Diagram at 2.5 Gbps

4.2 Eye Diagrams at 5 Gbps

Table 6. Eye Requirements at 5.0 Gbps at 3.5 dB De-emphasis

Parameter Min Max Unit
Differential Peak to Peak Voltage 380 1200 mVp-p
De-Emphasized Differential Peak to Peak Voltage 380 1200 mVp-p
Minimum Eye Width with Crosstalk 123 ps
Minimum Eye Width without Crosstalk 126 ps

Table 7. Jitter Requirements at 5.0 Gbps at 3.5 dB De-emphasis

Condition Max Rj (ps RMS) Max Dj (ps) Tj at BER 10E-12 (ps)
With Crosstalk 1.4 57 77
Without Crosstalk 1.4 54 74
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Table 8. Eye Requirements at 5.0 Gbps at 6.0 dB De-emphasis

Parameter Min Max Unit
Differential Peak to Peak Voltage 306 1200 mVp-p
De-Emphasized Differential Peak to Peak Voltage 260 1200 mVp-p
Minimum Eye Width with Crosstalk 123 ps
Minimum Eye Width without Crosstalk 126 ps

Table 9. Jitter Requirements at 5.0 Gbps at 6.0 dB De-emphasis

Condition Max Rj (ps RMS) Max Dj (ps) Tj at BER 10E-12 (ps)
With Crosstalk 1.4 57 77
Without Crosstalk 1.4 54 74

4.2.1 Transition Eye Diagrams at 5 Gbps

With 3.5-dB De-Emphasis With 6-dB De-Emphasis

Figure 3. Transition Eye Diagram at 5 Gbps
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4.2.2 Non-Transition Eye Diagrams

With 3.5-dB De-Emphasis With 6-dB De-Emphasis

Figure 4. Non-Transition Eye Diagram at 5 Gbps

4.3 Eye Diagrams at 8 Gbps

Table 10. Eye Requirements at 8.0 Gbps

Parameter Min Max Unit
Differential Peak to Peak Voltage 34 1200 mVp-p
De-Emphasized Differential Peak to Peak Voltage 34 1200 mVp-p
Minimum Eye Width 41.25 ps

4.3.1 Transition Eye Diagrams at 8 Gbps Using Preset 0 Through 10

Preset 0 Preset 1 Preset 2

Figure 5. Transition Eye Diagrams
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Preset 3 Preset 4 Preset 5

Figure 6. Transition Eye Diagrams

Preset 6 Preset 7 Preset 8

Figure 7. Transition Eye Diagrams

Preset 9 Preset 10

Figure 8. Transition Eye Diagrams
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4.3.2 Non-Transition Eye Diagrams at 8 Gbps Using Preset 0 Through 10

Preset 0 Preset 1 Preset 2

Figure 9. Non-Transition Eye Diagrams

Preset 3 Preset 4 Preset 5

Figure 10. Non-Transition Eye Diagrams

Preset 6 Preset 7 Preset 8

Figure 11. Non-Transition Eye Diagrams
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Preset 9 Preset 10

Figure 12. Non-Transition Eye Diagrams
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5 Preset Testing With and Without the Advanced Linear Repeater
Table 11 defines the presets from section 4.3.3.5.2 of the PCI Express Base Specification 3.0. Figure 13
shows the preset results with the advanced linear repeater inserted in the data path. Figure 14 shows the
preset results for the golden graphics card without the DS125BR820. The difference between Preset 1 for
the golden graphics card versus Preset 1 with the DS125BR820 is approximately 0.7 dB. Table 12
summarizes the delta observed when using Preset 1 and Preset 9 with and without the DS125BR820
inserted.

It is normal to expect some change in the measured preset de-emphasis and preshoot values when
comparing the source output directly versus the output of the DS125BR820 repeater plus some channel.
The advanced linear repeaters devices do not create de-emphasis or preshoot on their own. Rather, TI's
advanced linear repeaters are designed to be transparent to the de-emphasis and preshoot present at
their input with minimum distortion through the repeater. This transparency evident in Figure 13 and
Figure 14 makes TI's advanced linear repeaters an ideal candidate for systems that rely heavily on the
root complex and endpoint de-emphasis and preshoot capabilities.

Table 11. Tx Preset Ratios and Corresponding Coefficient Values

Preset Number Preshoot (dB) De-emphasis (dB) c-1 c+1 Va/Vd Vb/Vd Vc/Vd
P4 0.0 0.0 0.000 0.000 1.000 1.000 1.000
P1 0.0 -3.5 ± 1 0.000 -0.167 1.000 0.668 0.668
P0 0.0 -6.0 ± 1.5 0.000 -0.250 1.000 0.500 0.500
P9 3.5 ± 1 0.0 -0.166 0.000 0.688 0.688 1.000
P8 3.5 ± 1 -3.5 ± 1 -0.125 -0.125 0.750 0.500 0.750
P7 3.5 ± 1 -6.0 ± 1.5 -0.100 -0.200 0.800 0.400 0.600
P5 1.9 ± 1 0.0 -0.100 0.000 0.800 0.800 1.000
P6 2.5 ± 1 0.0 -0.125 0.000 0.750 0.750 1.000
P3 0.0 -2.5 ± 1 0.000 -0.125 1.000 0.750 0.750
P2 0.0 -4.4 ± 1.5 0.000 -0.200 1.000 0.600 0.600
P10 0.0 See Note (1) 0.000 See Note (1) 1.000 See Note (1) See Note (1)

(1) P10 boost limits are not fixed, since its de-emphasis level is a function of the LF level that the Tx advertises during training. See
the PCI Express Base Specification 3.0 for more details.

Figure 13. Preset Testing With DS125BR820 Inserted in Data Path
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Figure 14. Preset Testing for Golden Graphics Card Only

Table 12. Preset Analysis With and Without DS125BR820

CONDITION PRESET 1 (De-Emphasis) PRESET 9 (Preshoot)
1 Graphic card + DS125BR820 –2.95 dB 2.98 dB
2 Graphics card only –3.72 dB 3.74 dB

Delta between condition 1 and condition 2 0.77 dB 0.76 dB

6 Conclusions
The tests in this report demonstrate compliance to PCIe Gen 3.0 add-in card CEM specifications with TI's
advanced linear repeater used as a mid-channel repeater. The advanced linear repeater is ideal for PCIe
Gen 3.0 applications that require low-additive jitter, preservation of transmit FIR wave shape, and
violation-free eye mask. Using the available equalization settings, the advanced linear repeater offers
superior link extension while maintaining signal quality and preset transparency.
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Appendix A DS125BR820 Riser Board

14 Advanced Linear Repeater Used in PCIe Gen 3.0 Add-in Card Compliance SNLA227–October 2014
Environment Submit Documentation Feedback

Copyright © 2014, Texas Instruments Incorporated

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNLA227


IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.
TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.
TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.
TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.
Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.
In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.
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