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Agenda

Why Transceivers?

– Update on 7-Series Status – first 28nm FPGAs shipping since March!

Transceiver Overview

Transceiver Architecture

– Block Diagrams + Supported Protocols

– Optics Support

– Backplane Support

– 28Gbps Support (special section)

7 Series Overview

– Family Tables

– Schedule

Summary
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GTZ 28G Serdes Test Chip
LC Tank PLL Eye Diagram

28G SERDES Performance

•Bit Rate 28Gbps

•Rj = 290 fs

•Tj = 8.375 ps

• 200 mv/div

•6.0 psec/div

•68 Mbits

of capture data
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Period: 97ps (10.3125Gbps)
TJ: 14.78ps @ 1e-12 BER (15%)
RJ: 654.30fs (9%)
DJ: 5.62ps (6%)

28nm Transceiver Update –

PRELIMINARY 7K325 TX measurements

10G SFP+
Spec

Xilinx 
7series GTX

Random Jitter 
(Rj) @ 1^-12

0.15UI 0.09 UI

Deterministic 
Jitter (Dj)

0.15UI 0.06 UI

Total Jitter (Tj) 0.28UI 0.15 UI

DISCLAIMER!
This data is very early, typical silicon 
and based on 1 week of testing!
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Transceiver Overview
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7 Series Transceiver Roadmap
40nm => 28nm Roadmap

6.6 Gb/s

12. 5 Gb/s

3.125 Gb/s

11.18 Gb/s

13.1+ Gb/s

3.75 Gb/s

28.05 Gb/s

40nm 28nm

GTX GTX

GTH GTH

GTZ

GTH

GTX

GTP

GTP

Virtex-7 FamilySpartan®-6
Family

Virtex®-6
Family

Artix™-7
Family

Kintex™-7
Family HT DevicesT Devices XT Devices
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7 Series Min/Max Performance by Package/Speed Grade

Speed 
Grade

Artix GTP Kintex GTX Virtex GTX Virtex GTH Virtex GTZ

min max 
(FB, 
CS)

max 
(FF)

min max 
(FB, 
CS)

max 
(FF)*

min max min max min* max

-1 C/I LE 0.5 3.75 3.75 0.5 6.6 6.6 0.5 6.6 0.5 8.5 2.45 25.78

-2 C/I LE 0.5 5.4 6.6 0.5 6.6 10.3125 0.5 10.3125 0.5 10.3125 2.45 25.78

-2 E N/A N/A N/A N/A N/A N/A 0.5 10.3125 0.5 11.3 2.45 25.78

- 2 GE N/A N/A N/A N/A N/A N/A 0.5 12.5 0.5 13.1 2.45 28.05

-3 E 0.5 5.4 6.6 0.5 6.6 12.5 0.5 12.5 0.5 13.1 N/A N/A

Notes:

• This table describe max/min rates, more details in the following slides

• 10G+ performance in K7 requires FF package (lidded flipchip)

• E temp grade is 0’C – 100’C temp range

• GTZ frequency range is 19.6G to max with /2, /4 and /8 dividers

• Rates from 500Mbps to 0Mbps can be supported with XAPP875
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7 Series Transceiver Architecture
PLL Range (-3E speed grade)

Divider
Artix7 GTP Kintex7/Virtex7 GTX Virtex7 GTH

LC Ring LC1 LC2 Ring LC1+2 Ring

/1 N/A 5.9-8.0 9.8-12.5 8.0-13.1

/2 N/A 2.9-4.0 4.9-6.25 4.0-6.55

/4 N/A 1.45-2.0 2.4-3.125 2.0-3.25

/8 N/A 0.7-1.26 1.2-1.56 1.0-1.6

0.6-6.6 0.6-6.6 0.6-8.0

6.6 Gbps

9.8 Gbps

3.125 Gbps

12.5 Gbps
13.1+ Gbps

3.75 Gbps

0.6 Gbps

2.5 Gbps

8 Gbps

5.9 Gbps
Ring

Ring

LC2

Ring

LC1+2

LC1

GTX Gap 
8.01-9.79G

GTH No
Gaps!
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7 Series Architecture
Block Diagram of a Single Channel (GTX)

One “channel” is one 

TX and one RX

Key Features:

– Datapaths:

• 0G to 12.5G* for GTX

– Equalization:

• TX Pre/Post Emphasis

• RX AGC 

• RX CTLE (linear EQ)

• RX DFE

– Debug/Test

• Hard Logic PRBS 

gen/check

• 2D eyescan

* 0G – 0.499G requires XAPP 875
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CPLL (Ring) TX

RX

QPLL (LC)

nclk[1:0] (cascade)

nclk[1:0] (cascade)

refclk[1:0]

CPLL (Ring) TX

RX

CPLL (Ring) TX

RX

CPLL (Ring) TX

RX

7 Series GTX and GTH Transceiver Architecture
Block Diagram of Transceiver Quad

Transceivers in Quads (4 per 

block)

– 1 or 2 columns of Transceivers

� New PLL Architecture

– LC Tank shared (high performance)

• LC can operate at 1/2, 1/4 and 1/8 rate

• 2 LC = wider freq. (mutually exclusive)

– Ring Oscillator x4 (wide range)

� Flexibility

– Allows async operation between TX 
and RX by use of the Ring for TX and 
the LC tank for RX (or vice versa)

– Unused PLLs can be powered down

– One mux per direction with 
independent select lines

Gclk[1:0]
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7 Series GTP Transceiver Architecture
Block Diagram of Transceiver Quad

TX

RX

nclk[1:0] (cascade)

refclk[1:0]

CPLL (Ring) TX

RX

CPLL (Ring) TX

RX

TX

RX

� Transceivers in Quads (4 per 
block)

� New PLL Architecture

– No LC Tank (lower area)

– Ring Oscillator x2 (wide range)

– GCLK reference possible for low rate 
protocols

� Flexibility

– 2 protocol / quad

– Allows everything to run off of 1 PLL 
for low power

– This allows async operation between 
TX and RX by use of one Ring for TX 
and one ring for RX (or vice versa)

– One mux per direction with 
independent select lines

– Separate divider per TX/RX

Gclk[1:0]
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7 Series GTZ Transceiver Architecture
Block Diagram of Transceiver Octal

28G PLL 
(LC)

TX

RX

nclk[1:0] (cascade)

refclk[1:0]

28G PLL 
(LC)

TX

RX

28G PLL 
(LC)

28G PLL 
(LC)

TX

RX

TX

RX

� Transceivers in Quads (4 per 
block)

– 1 LC tank PLL/channel

� 28G-focused PLL Architecture

– 1 LC tank PLL/channel

– No high speed muxing

– lowest jitter

– SFI-S skew alignment across up to 8 
channels
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7 Series Transceiver Architecture
Major Supported Protocols
Market Protocol Artix-7 GTP Kintex-7/Virtex-7 GTX Virtex-7 GTH Virtex-7 GTZ

General PCI Express Gen1, 2 Gen1, 2, 3 Gen1, 2, 3 (supported on GTH)

Wired

Ethernet
1GE, 2.5GE,

XAUI, RXAUI

1GE, 2.5GE, XAUI, RXAUI, 

10GBase-R, 10G-KR*, 40GE, 100GE

1GE, 2.5GE, XAUI, RXAUI, 10GBase-R, 

10G-KR (enhanced), 40GE, 100GE
100GE (25.7G)

SONET/OTU OC-3/12/48 OC-3/12/48/192, OTU1/2/3/4 OC-3/12/48/192, OTU1/2/3/4
OTU4 w 7% FEC (27.95G)

SFI-S, OTL4.4

Interlaken <= 6.6G <=6.5G, 10.3125G 12.5G <=6.5G, 10.3125G, 12.5G
20.625G (2x10.3125),

25G (2x12.5G)

Custom 

Backplane
<= 3.125G <=6.5G, CEI-11-LR* <= 6.5G, CEI-11LR (enhanced) (supported on GTH)

PON
BPON, GPON, GEPON 

( up to 1.25 BCDR)

BPON, GPON, GEPON, 10GEPON,

10GGPON (up to 2.5G BCDR)

BPON, GPON, GEPON, 

10GEPON, 10GGPON
(supported on GTH)

Wireless
CPRI/OBSAI

0.614, 1.2, 2.4, 3.0, 

4.9, 6.6

0.614, 1.2, 2.4, 3.0, 4.9,

6.14, 9.8, 12

0.614, 1.2, 2.4, 3.0, 4.9, 

6.14, 9.8, 12

2.4, 3.0, 4.9, 6.0, 9.8, 19.6, 

24

Serial Rapid IO Gen1, 2 Gen1, 2 Gen1, 2 (supported on GTH)

Audio 

Video2

SDI SD/HD/3G-SDI SD/HD/3G-SDI/10G-SDI SD/HD/3G/10G-SDI (supported on GTH)

DisplayPort 1.6, 2.7, 5.4 1.6, 2.7, 5.4 1.6, 2.7, 5.4 (supported on GTH)

Other

QPI x 4.8, 6.4` 4.8, 6.4, 8.0, 9.6 (supported on GTH)

Fiber Channel 1G, 2G 1G, 2G, 4G, 10G 1G, 2G, 4G, 8G, 10G
FC32 (28.05G), FC20, 

FC16, FC10

SATA/SAS 1.5G, 3G, 6G 1.5G, 3G, 6G 1.5G, 3G, 6G (supported on GTH)

Aurora Up to 6.6G Up to 12.5G Up to 13.1G Up to 28.05G

Page 13
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Optical Interfaces Optics Support: what is 
planned. 

40nm 28nm

Protocol Module Notes V6 HXT 
GTH

A7 GTP K7/V7 
GTX

V7 GTH V7 GTZ

100GE/OTU4 CFP 10x10.3G / 10x12.5G

CXP 10x10.3G / 10x12.5G

CFP2 4x25.78G / 4x27.95G

40GE/OTU3 300pin 17x2.488G

(lim)QSFP 4x10.3125G

10GE/OTU2/OC
192/FC10/ 
CPRI9.8/6/4.9/3

(lim)SFP+ 1x9.95G / 1x10.3G / 
1x10.5G / 1x10.7G / 
1x11.3G / 
1x9.8/6/4.9/3

XFP 1x9.95G / 1x10.3G / 
1x10.5G / 1x10.7G / 
1x11.3G / 1x9.8G

XENPAK 4x3.125G

GigE / 
OC-48/12/3 FC
4/2/1

SFP 1x1.25G / 1x2.488G / 
1x0.622G / 1x0.155G
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Backplanes and Equalization 
Technique #1: Linear Equalization

Linear Equalization

– Transmitter: Attenuate low frequency and/or boost high frequency

– Receiver: Boost high frequency

– Compensate insertion loss

– Limitation: Boost high frequency noise

Boost High Freq 

Component

TX pre-emphasis attenuate low 
frequency & boost high frequencyRX linear equalizer frequency response
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Backplane and Equalization 
Technique #2: Decision Feedback Equalization

Decision Feedback Equalization (DFE)

– A nonlinear equalizer that uses previous symbols to eliminate the Inter-

Symbol-Interference (ISI) on current symbol.

• The ISI on current symbol, caused by previous symbols, is subtracted by DFE.

Slicer for Decision

Unit Delay

Adder to Feedback

Multiplier

Tap Weight
Z-1 Z-1 Z-1

XW[3] XW[2] XW[1]

+

XW[n]

y(t) yd(t)u(t)

)(][)()(
1

UIityiwtuty d

n

i

∗−∗+= ∑
=

Equalized output
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Backplane and Equalization 
DFE Challenge and Limitation

Tap weight

– Ideal tap weights

– LMS Adaptation

Error propagation

Speed requirement

Tap weight based on ISI
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Backplane and Equalization 
XARC – Xilinx Advanced Reflection Cancellation

DFE for Reflection

– Regular DFE cancels reflections near the package

– Virtex-7 GTH with DFE + XARC cancels reflections farther in the channel

• XARC = Xilinx Advanced Reflection Cancellation 

Xilinx Kintex/Virtex
GTX

Xilinx Virtex-7 GTH

7 fixed + XARC

Channel Length (UI)

Response

XARC
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Backplanes and Equalization
Backplane Support with 7-Series

Geometry 40nm 28nm

Parameter V6 HXT K7/V7GTX V7GTH

Max Rate 11.18 (LC) 12.5 13.1

LC Tank 11.18 12.5 13.1

TX Jitter (all 

10 lanes)

< 0.28 UI 0.15 UI typ
(preliminary)

TBD (equal or 
better to GTX)

TX Pre/Post 

emphasis

Yes Yes Yes

RX Linear 

EQ

Adaptive Adaptive Adaptive

RX DFE 

#taps

3 5 11 (7 fixed + 4 
sliding up to 50)

RX DFE 

Adaptive Y/N

Adaptive (3rd

gen)
Adaptive (4th

gen)
Adaptive
(5th gen)

10G-KR 

support Y/N

No 
(IP tested @ UNH)

Good Best

Internal 

Eyescan Y/N

1D (3rd gen) 2D (4th gen) 2D (5th gen)

Significant
Improvements in 10G 
Long-Reach Support 
for 28nm!

V7 GTH will be the best 
backplane transceiver 
in any FPGA
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7-series Transceiver Tools 
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Transceiver Tools
A Note on Tools and Usability

� Xilinx-generated IP cores
– Xilinx engineers encapsulate the Transceiver in their cores

– Easier for customers and prevents misconfiguration

– Examples: PCIe, 10GE, Interlaken, CPRI, SDI, etc.

� Xilinx Transceiver Wizard
– Allows pre-configured settings for common protocols

– Allows GUI-based customization for customer protocols

– Performs clocking and other transceiver connectivity DRCs

� Xilinx Chipscope IBERT
– Allows hardware evaluation of backplanes with the real FPGA

– Allows in-system debug for system bringup and manufacturing burn-in

– IBERT GUI Key Features

– Hardware PRBS Generator/Checker

– Eye Height and TX Pre-emphasis adjustment

– Eyescan allows margining of channel in Hardware
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Transceiver Tools
IBERT - Integrated Bit Error Rate Tester

IBERT Generator GUI

Targets the FPGA on your board

Run time GUI

Controls the transceivers on your board

Adjust all transceiver parameters - swing

• 6 Series Bathtub plots 
from run time GUI

• 7 Series will be statistical eye 

using non-destructive eye monitor

• Gives you relative measurements 
of channel margin and EQ performance
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Transceiver Tools:
7-Series Chipscope w. IBERT and Eye Scan)

� Look inside the receiver!
– View Post-EQ eye

– Measure and extrapolate BER!

– Non-destructive scanning on live 
data!

� Proven Xilinx Technology
– 5th generation eye scan

– 2D eye plot (T and V)

TX
Driver

RX
DiffAmp

RX
Linear EQ

RX
DFESIPO

PISO

F
P

G
A

 F
a
b
ri
c Serial

Channel

Serial Transceiver

Hard
PCS
Logic

RX
CDR
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Transceiver Tools:
How Does Non-Destructive Eye Scan Work?

� Two Samplers in RX Path
– Data Sampler : 

– same as regular CDR
– Always in center of eye

– Offset Sampler
– Moveable sampler to trace the eye

� If Data and Offset Sampler have different value, a 
Bit Error has occurred at the Offset Sampler!

� # samples and #errors recorded in PCS counter

� Allows non-destructive EyeScan on LIVE data 
w/o creating Data Errors

Hard
PCS
Logic

SIPO RX CDR

CDR +
Data

Sampler

Offset
Sampler

Data Offset Bit Error?

0 0 0

0 1 1

1 0 1

1 1 0

CLK
+

Data

Register
Access

#Samples
#Errors
Counter

F
P

G
A

 F
a
b
ri
c

XOR
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Scan Eye 12.5G 156.25MHz refclk (PRBS 7)
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Transceiver Tools:
How Does Non-Destructive Eye Scan Work?
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Virtex-7HT
Details on our 28Gbps GTZ Transceiver
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Tackling the Power / Bandwidth Density 
Problem

Power Density is the Primary Limiting Factor
To Maximizing Density and Minimize Power Consumption

480 Gb/s

400 Gb/s

800 Gb/s

8 CFP2 Port Blade with 42mm pitch8 CFP2 Port Blade with 42mm pitch 60 Watts

48 SFP+ Port Blade with 15mm pitch 48 Watts

4 CFP Port Blade with 84mm pitch 60 Watts

CFP2 CFP2 CFP2CFP2 CFP2CFP2CFP2 CFP2

CFP CFPCFPCFP

|   |   |  |   |   |  |   |   |  

|   |   |  |   |   |  |   |   |  

|   |   |  |   |   |  |   |   |  

|   |   |  |   |   |  |   |   |  

4 Fiber links

8 Fiber links

48 Fiber links
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28G GTZ Transceiver
Key Features Summary

� Wide Range : 28.05G – 19.6G

– Full range available in Extended Commercial Temperature Grade (0-100’C)

– Allows support of “next generation” CPRI @ 19.6Gbps

– /2, /4 and /8 dividers allow support of 10G and lower datarates

� Highest Performance : 28G LC Tank Architecture

– GTZ purpose-built for highest performance @ 28Gbps for CEI-28G specs

– One LC/channel for maximum performance (no muxing or fanout)

– Shared reference clock in quad granularity

� Designed for Signal Integrity

– Proprietary Noise-Isolating Architecture offers nearly 15dB better isolation

– Ceramic packaging for lowest loss

– Extra package ground shielding – isolated from SelectIO and GTH transceivers

– Pinout for interface to 4x28G CFP2 optics  (e.g. TX0, TX1, TX2, TX3, RX0, RX1, RX2, RX3)

� Signal Conditioning Circuitry

– Controllable Signal Swing and Pre-Emphasis

– Auto-Adaptive Equalization to resolve high loss of PCB @ 28G

� The Industry’s Best Serial Debug Tools

– Horizontal and Vertical Eyescan tools for channel optimization
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GTZ Transceiver
Speed Grade, Frequency Range, Protocol Support

Divider
Virtex-7HT GTZ

LC

/1 19.6-28.05

/2 9.8-14.025

/4 4.9 - 7.0

/8 2.4 – 3.5

14.025 Gbps

19.6 Gbps

7 Gbps

28.05+ Gbps

4.9 Gbps

9.8 Gbps

LC

3.5 Gbps

2.4 Gbps

Speed 
Grade

Virtex-7HT GTZ

min max

-1L C/E n/a n/a

-1 C/E 2.4 25.78

-2 C/E 2.4 28.05

-3 E N/A N/A

Market Protocol Virtex-7HT GTZ

General PCI Express (supported on GTH)

Wired

Ethernet 100GE (25.7G)

SONET/OTU
OTU4 w 7% FEC (27.95G)

SFI-S and OTL4.4

Interlaken 20.625G (2x10.3125) and 25G (2x12.5G)

Backplane (supported on GTH)

Wireless CPRI/OBSAI 2.4, 3.0, 4.9, 6.14, 9.8, 12, 19.6, 24

Other
Fiber Channel FC32 (28.05G), FC20, FC16, FC10

Aurora Up to 28.05G
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Artix-7 FPGA Family Table

Up to 16 Transceivers @ 6.6G
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Kintex-7 FPGA Family Table

From 4 to 32 GTX Transceivers @ up to 12.5G

6.6G

12.5G
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From 16 to 96 Transceivers @ up to 13G+

Up to 16 Transceivers @ up to 28G

Virtex-7T, XT and HT FPGAs
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Summary

New for 7 Series:

– Common Transceiver Architecture

• IP portability

– Different Rates for different platforms

– Low Power Mode

• 30% lower power for chip-to-chip channels

7 Series FPGAs Have the Most Comprehensive Transceiver Family

– Virtex-7 GTZ : 28Gb/s Transceivers for 100G and 400G datapaths

– Virtex-7 GTH : Highest Performance/Count Transceiver Family

– Virtex-7 GTX : 12.5Gb/s with more SelectIO for wider memory interfaces

– Kintex-7 GTX : 12.5Gb/s to the masses

– Artix-7 GTP : Ultra-High Volume Transceivers
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Extra Slides
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Scan Eye 12.5G 156.25MHz refclk (PRBS 7)
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Scan Eye 12.5G 156.25MHz refclk (PRBS 31)
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Scan Eye 10.3G 156Mhz refclk (PRBS 31)
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Scan Eye 10.3G 156.25MHz refclk (PRBS 7) 
Async
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Scan Eye 10.3G 156.25MHz refclk (PRBS 31) 
Async
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Scan Eye 12.5G 156.25MHz refclk (PRBS 7) 
Async
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Scan Eye 12.5G 156.25MHz refclk (PRBS 31) Async
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GTH Over Backplane @ 15.36Gbit/s

Paolo Novellini, System IO Specialist
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Agenda

Introduction: purpose of presentation.

Tyco Backplane description.

16 inches Tyco Backplane.

1 m Molex Backplane

Conclusions.
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CASE 1

15.36 Gbit/s

Prbs 31

16 inches Tyco Backplane + 10 inches on the paddle cards

Virtex 7 on VC7215

Characterization Board
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16 + 10 inches, 15.36G, BER<10-14, PRBS 31

RX                      TX
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CASE 2

15.36 Gbit/s

Prbs 31

0.735 m MOLEX Backplane + 0.27 m on the paddle cards: 1 

meter 



XILINX CONFIDENTIAL
.

Molex BACKPLANE – IMPACT Connector

http://www.molex.com/mx_upload/family/gbx_itrac_backplane_conn

ector_system/ImpactKRchannelmeasuredanalysis.pdf

20 db@8GHz!!
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1 m, 15.36G, BER<10-14, PRBS 31

RX                      TX
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Remarks

GTH runs at room temperature at 15.36G in a stable way down to 

10-14

PRBS 31

16 inches of Nelco FR4, with 2 paddle cards and 2 TYCO Z-PACK 

connectors.

– Each paddle card is 5 inches

0.73 m of Megtron 6, with 2 paddle cards and 2 Molex Impact

– Each paddle cards add 0.13 m

15.5G over backplane is next gen silicon is low risk. 


