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Summary This application note describes how the 7 series FPGAs GTX transceivers can be used for DC
coupling applications.
Introduction General transceiver usage in industry is AC-coupled links between the transmitter and receiver.

7 Series FPGAs
GTX Transceiver
Capabilities

The major drawbacks of AC-coupled links are:

» Discontinuities created by connections to the AC coupling capacitors.
* Routing congestion on boards due to AC coupling capacitors.

* Increase in board area due to AC capacitor placement.

* Loss of AC swing across the capacitor.

¢ Limitation on run length.

* Possible degradation of low-frequency signal content.

These drawbacks can be mitigated by using a DC link between the transmitter and receiver.
One of the major drawbacks of using a DC link is the static/DC current.

The 7 series FPGAs GTX transceivers can be used for DC-coupled links. The analysis of this
application is divided into the following categories:

» Utilizing the GTX transceiver as a receiver.

e Utilizing the GTX transceiver as a transmitter.

e Communication between two GTX transceivers.

In an AC-coupled system for a typical current mode logic (CML) transceiver with on-die

termination, the common mode at the RX input is dictated by the RX termination voltage. The
common mode of the TX is dictated by the TX termination voltage and the output swing.
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Figure 1 shows a high-level diagram of an AC-coupled link.
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Figure 1: High-Level Diagram of an AC-Coupled Link

In a DC-coupled system, the common mode voltage of the link is typically determined by the TX
termination voltage, the output swing, and the RX termination voltage.

Figure 2 shows a high-level diagram of a DC-coupled link.
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Figure 2: High Level Diagram of a DC-Coupled Link
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Utilizing the GTX Transceiver as a Receiver

To use the Kintex®-7 FPGA transceiver as a DC-coupled receiver it is very important to analyze
the line common mode of the system. The line common mode is a result of:

e TX termination voltage

e TX output swing

e RXtermination voltage

e Biasing resistors (if applicable)

The RX can be terminated to either GROUND or AVTT to achieve the required line common
mode voltage. The Ipgy and IpcoyT currents should be within the data sheet specifications
(see Kintex-7 FPGAs Data Sheet: DC and AC Switching Characteristics [Ref 1] and Zynq-7000

All Programmable SoC (XC7Z030, XC72045, and XC7Z100): DC and AC Switching
Characteristics [Ref 2]).

The appropriate RX equalization mode (low-power mode (LPM) or decision feedback
equalization (DFE)) should be selected based on these parameters:

e Operational frequency

e System loss

e Line common mode voltage
Recommended Settings

Depending on the line common mode voltage, the requirements for TX swing and RX
equalization modes are shown in Table 1.

Table 1: TX Swing and RX Equalization Requirements for GTX Receivers

RX Equalizer | Line Common | RX_CM_SEL = PMA_RSVD2 Mi“i\“;‘r‘l‘;:l‘“t?;“ch
Mode (N(23) Mode (mV) [1:0] [7:6] (mVpp Differential)
DFE 700-1200 2'b00 2'b01 450
LPM 0-75 2'h01 210 450
LPM 700-1200 2'h00 201 150
Notes:

1. Refer to the Kintex-7 FPGAs Data Sheet: DC and AC Switching Characteristics [Ref 1].

2. Referto Zynq-7000 All Programmable SoC (XC72030, XC72045, and XC7Z100): DC and AC Switching
Characteristics [Ref 2].

3. Referto the 7 Series FPGAs GTX/GTH Transceivers User Guide [Ref 3].
4. A 150 mV swing is used for very short reach only. Swings of 450 mV and higher are used for medium to

long reach. Refer to the data sheets for the exact loss specifications for both DFE and LPM modes.
Table 2 specifies the maximum input swing at the RX pins.

Table 2: Maximum Swing for Given Line Common Mode Voltage

Maximum Input Swing

Line Common Mode Range (mV) (mVpp Differential)

0-75 1200
700-1100 2000
1100-1200 1200
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Utilizing the GTX Transceiver as a Transmitter
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Figure 3: High-Level Diagram of DC Link with GTX Transceiver as a TX
The following guideline is recommended for using a GTX transmitter in a DC-coupled system:

* The Ipcout/lpcin Maximum rating needs to be followed according to the data sheets
[Ref 1] [Ref 2].

A quick reference table for IpcoyT @and Ipgn can be found in Table 5.

Linking Two 7 Series FPGAs GTX Transceivers

A reliable DC link can be established between two GTX transceivers. The conditions in Table 3
should be met for a reliable DC-coupled link.

Table 3: TX Swing and RX Equalization Requirements to Link Two GTX Transceivers

RX Equalizer | Line Common RX CM_SEL | PMA RSVD2 Mi"i\“r"‘l‘lmttz‘;“"h Maximum Launch
Mode Mode (mV) [1:0] [7:6] (mVpp Differential) Amplitude
DFE 700-1200 2'b00 (AVTT) 2071 450 Refer to the data
LPM 700-1200 2500 (AVTT) 2501 150 sheets ()
Notes:

1. Refer to the Kintex-7 FPGAs Data Sheet: DC and AC Switching Characteristics [Ref 1] and Zyng-7000 All Programmable SoC (XC7Z030,
XC72045, and XC72100): DC and AC Switching Characteristics [Ref 2].

2. Referto the 7 Series FPGAs GTX/GTH Transceivers User Guide [Ref 3].

Equation 1 can be used to determine the first order approximation of the line common mode
voltage (AVTT Termination on RX). This equation applies to typical temperature and voltage
conditions. The equation gives users a very basic approximation of the line common mode of
the system.

Voltage = -0.021 x (TXDIFFCTRL_CODE) + 1.1037 Equation 1
Where:
Voltage = Line common mode voltage in volts
TXDIFFCTRL_CODE = Valid values [0...15]
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Usage Example 1

Examples Figure 4 shows an example termination.

Line Common Mode Voltage = 725 mV
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Figure 4: Example 1
In Figure 4:

* TXis a generic transmitter that can provide high termination voltage.
* RXs a very basic and high-level abstraction of the 7 series FPGA RX.

The assumption for this example is that the TX driver is able to provide a termination voltage
such that the resultant line common mode voltage is 725 mV when the RX is ground
terminated. With the data available, the common mode voltage of the line is 725 mV, which
appears to be a viable scenario. Figure 4 can be modeled to a very simple circuit with a voltage
source and resistor to ground, as shown in Figure 5.

725 mV

Current
(1) § 50Q

X1096_05_072413

Figure 5: Simplified View of Example 1

Common mode voltage (V) = 725 mV
Resistance (R) = 50Q

The current through the resistor can be calculated using Ohm’s law (Equation 2):

| = LF: Equation 2
_725mV ,

| = 500 Equation 3

I = 145 mA Equation 4
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The 14.5 mA current is higher than the data sheet specification for Ipgy < 6.5 mA for ground
termination. The configuration shown in Figure 4 and Figure 5 is therefore invalid.

Example 2

This example is very similar to Example 1, but includes changes that make the configuration
viable.

Line Common Mode Voltage = 725 mV
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Figure 6: Example 2
In Figure 6:

e TX s a generic transmitter.
* RX s a very basic and high-level abstraction of the 7 series FPGA RX.

The assumption for this example is that the TX driver is able to provide termination voltage such
that the resultant line common mode voltage is 725 mV when the RX is terminated to AVTT.

Figure 6 shows a simplified view of Example 2.

1200 mV

Current
(1) § 50Q

725 mV

X1096_07_080113

Figure 7: Simplified View of Example 2

XAPP1096 (v1.0.1) January 10, 2014 www.Xilinx.com 6


http://www.xilinx.com

Usage Examples & XILINX.

The current through the resistor can be calculated using Ohm’s law (Equation 5).
V2 - Vi1

I R Equation 5

1200 mV - 725 mV .
| = 500 Equation 6
| = 9.5 mA Equation 7

In Equation 7, 9.5 mA is less than the Ipgy current limit for AVTT termination. As shown in
Example 1 and Example 2, it is imperative to meet all the conditions defined in these sections
and in the data sheets in the DC coupling scenario. Failure to meet these conditions can result
in physical damage to the device.

Example 3

GPON/GPON Like

A major application that uses DC-coupled links is Gigabit-capable Passive Optical Networks
(GPON). This section discusses a numerical example for a GPON-like application (Figure 8).

Note: For more information, refer to Introduction to LVDS, PECL and CML (Maxim Integrated) [Ref 4],
Interfacing between LVPECL, LVDS and CML [Ref 5], and Interfacing between LVPECL, VML, CML and
LVDS Levels [Ref 6].

VCCpecL () vrTRX

LVPECL Xilinx

Driver FPGA
Ii R1 § Rterm

R4

MV

X1096_08_072413

Figure 8: GPON Network
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There are four considerations for interfacing the GTX receiver to an LVPECL driver:

*  Open circuit Z at A = 50Q
*  Open circuit Thevenin voltage (OCT V) = 1.3V =V,

Note: The value was provided by the LVPECL vendor. This condition is true when the TX driver is
not present and only a VCCpgg supply is present.

e Common mode requirements:
*  Vem-pecL = 2V =V, (This condition is valid only when the driver is present.)
*  Veom-pecL = 1.2V = Vg (Xilinx requirement.)

e Gain requirements:

. _ RX Sensitivity (mVppd) _ 150 _ .
GainwiN = in LVPEGL Input Swing (mVppd) ~ 560 ~ 287 Equation 8

Max Input Swing GTX (mVppd) 2000
Max LVPECL Input Swing (mVppd) ~ 2460

Gainyay = = 0.813 Equation 9

Gainy, < Gain < Gainy,ay Equation 10

It is generally preferable to have the highest gain because this ensures operation and
provides margin for this simple analysis. LVPECL swing numbers are from the Analog
Devices ADCLK944 data sheet [Ref 8].

Given/Known

* VTTRX=1.2V, VpecLem = 2V, Rierm = 50Q

*  Open circuit Thevenin voltage (OCT V) = 1.3V

*  Open circuit Thevenin resistance (Z;,) = 50Q

o Target VICM =0.7V-1.2V, VCCPECL =3.3V

Calculations

A. Theoretical

1. Equation for Z;,:
Using Thevenin’s theorem:

ZIN = [(R4 ” R

Figure 9 shows a Thevenin equivalent network of Figure 8 to calculate Z;,.

)+ R3] Ry = 50Q Equation 11

term

VCCpgcL VTTRX
R1 § § Rterm R3

Lo g §R4

R3
f R4

Figure 9: Thevenin Equivalent Network to Calculate Zy

X1096_09_072913
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2. Determine values for Rz and Ry. It is assumed that:
Ry = 50Q Equation 12

X = [Rz+(R |R4)]1>55 Equation 13

term

The objectives are for the value of X to be greater than 50Q, and the parallel combination
of Ry and X should be 50Q. To be as close to 502 as possible, set X > 55Q so there is some
room if Ry turns out to be a very high number.

When the LVPECL driver is connected:

* V=2V (Use the value for V4 when the driver is connected in order to know the
resistance of R, in a “real operational” state.)

* From the Xilinx RX requirement, Vg = 1.2V.

Using the preceding information, the value for R4 can be determined using Kirchhoff’s
current law (Equation 14):
Vo-Vg VTTRX- VB= V_B

+
Ry R R,

Equation 14

term

50 50 - R, Equation 15

08 12-12 1.2
—_— + ——

4

R,y= 75Q Equation 16

After substituting the values of Rs, Rierm, @nd Ry in Equation 13, the result is that X = 80€.
3. Determine gain:

R IR
Gain = term __4 Equation 17
(Rterm ” R4) + RS 7
Gain = 0.375 Equation 18

4. Determine the DC input common mode to the receiver (line common mode):

Y
_ (VCM-PECL VTTR>g
Viem = ( Ry ' R x(RqlIR3IIR

Viem = 1.2V Equation 20

Equation 19

term)

B. Using Standard 0402 (1005 Metric) Resistor Values for Rz and R,

Note: For more information, refer to the DigiKey resistor values [Ref 7).
First iteration:

R3 = 50Q

R4 =75Q

Check if OCT V is 1.3V

1. Recalculate X with the new R3 and R4 values:

X = 80Q Equation 21

2. Recalculate Gain:
Gain = 0.375 Equation 22

3. Recalculate Vg
Viem = 1.2V Equation 23
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4. Determine Vg when OCT V = 1.3V:

The calculation of Vg is based on the condition that, if OCT V is held at 1.3V, the presumed
voltage at Vg supports the configuration with the resistor values selected and calculated.

term)

_ (OCTV _ VTTR
Vg = ( et Rtemﬁ x (R, lIRg Il R

Vg = 0.937V

5. Calculate Ry assuming OCT V = 1.3V:

_ VeepecL - OCTV
1= T 0CTV -V,

xRS

R, = 275.8Q
Using standard 0402 (1005 Metric [Ref 7]) resistor for R4
Ry = 270Q

6. Calculate Z;, using Equation 11:
Z, = 61.7Q

Second iteration:

Equation 24

Equation 25

Equation 26

Equation 27

Equation 28

Equation 29

With the calculations in the first iteration, Z;, far exceeded the expected value. Adjusting the

resistor network so that conditions are met:

Let Rz = 40Q and R, = 40Q. Using 0402 (1005 Metric [Ref 7]), the values are:

« Ry=39Q
¢ Ry=39Q

Check if OCT Vis 1.3V
1. Recalculate X:

X =60.91Q Equation 30
2. Recalculate Gain:
Gain = 0.359 Equation 31
3. Recalculate V|gpy:
Viem = 1.05V Equation 32
4. Determine Vg:
Vg = 0.804V Equation 33
5. Recalculate R1:
Ry = 157.3Q Equation 34
Using standard 0402 (1005 Metric [Ref 7]) resistor for R1:
Ry = 160Q Equation 35
6. Calculate Z;, using Equation 11:
Z, =441Q Equation 36
OCT V with 160Q = 1.293V
XAPP1096 (v1.0.1) January 10, 2014 www.Xilinx.com 10
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Table 4 shows the differences between the expected GPON values and actual values.
Table 4: Expected GPON and Actual Values
Parameter Expected Value Actual Value
OCTV 1.3V 1.293V
OCT z,, 50Q 44.1Q
Viem 0.7-1.2V 1.05V
Gain 0.267-0.813 0.359
The desired values for OCT V and V| are very close to the actual values. There is no
performance degradation between 0.7V and 1.2V V. Ideally, OCT Z;,, should be as close to
50Q as possible, but with GPON line rates being very low, the reflections due to impedance
mismatch should not be a major issue.
Even if the V g\ was close to 1.2V, the RX could have tolerated a TX launch amplitude of
2000 mVpp difference. The reason for this is that the gain due the resistor network is 0.36,
which causes a 64% reduction of the signal from the TX to the RX.
Conclusion The 7 series FPGAs GTX transceivers can be used in DC-coupled applications if the guidelines
presented in this application note are followed.
References 1. Kintex-7 FPGAs Data Sheet: DC and AC Switching Characteristics (DS182)

2. Zynqg-7000 All Programmable SoC (XC72030, XC72045, and XC7Z100): DC and AC
Switching Characteristics (DS191)

3. 7 Series FPGAs GTX/GTH Transceivers User Guide (UG476)

4. Introduction to LVDS, PECL, and CML Rev. 1; Maxim Integrated
pdfserv.maximintegrated.com/en/an/AN291.pdf

5. Interfacing Between LVPECL, LVDS, and CML; Texas Instruments
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7. DigiKey resistor values:
www.digikey.com/scripts/dksearch/dksus.dll?FV=fff40001%2Cfff800e9%2C400004%2C1
42¢1639&vendor=0&mnonly=0&newproducts=0&ptm=0&fid=0&quantity=0&PV3=2

8. 2.5 V/3.3V, Four LVPECL Outputs, SiGe Clock Fanout Buffer; Analog Devices
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Appendix IDCIN and IDCOUT Table

Table 5 is a quick reference for the Ipcy @and IpcouT current limits. For the most up to date
information, refer to the data sheets [Ref 1] [Ref 2].

Table 5: IDClN

and Ipcoyrt limits

Symbol Description Condition Maximum ('(::::Zt)ent Allowed
DC input current for receiver Rierm = AVTT 12
Ipcin input pins DC coupled
VMGTAVTT =1.2V Rterm =GND 6.5
DC output current for transmitter
IbcouT pins DC-coupled Rierm = AVTT 12
VmeTavtt = 1.2V

Testing Conditions

The tests were performed on multiple -2 devices. Table 6 shows the voltages and temperature

conditions.

Table 6: Testing Conditions

Conditions Values
Vinin 1020 mV
Viom 1050 mV
Vmax 1080 mV
Tmin -36°C
Thom 40°C
Tmax 100°C

The testing was also done over multiple line common mode voltages of the system.

1. Line Rate:

a. LPM=11.3 Gb/s
b. DFE=12.5 Gb/s

2. Channel (Swing > 150 mVpp differential)
a. LPM~11db
b. DFE~16db

3. Channel (Swing = 150 mVpp differential)
a. LPM =KC724 board trace, no added trace

XAPP1096 (v1.0.1) January 10, 2014
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The following table shows the revision history for this document.

Date Version Description of Revisions
09/13/2013 1.0 Initial Xilinx release.
01/10/2014 1.0.1 Updated table references after Figure 3.

The information disclosed to you hereunder (the “Materials”) is provided solely for the selection and use of
Xilinx products. To the maximum extent permitted by applicable law: (1) Materials are made available "AS
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MERCHANTABILITY, NON-INFRINGEMENT, OR FITNESS FOR ANY PARTICULAR PURPOSE; and (2)
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Materials (including your use of the Materials), including for any direct, indirect, special, incidental, or
consequential loss or damage (including loss of data, profits, goodwill, or any type of loss or damage
suffered as a result of any action brought by a third party) even if such damage or loss was reasonably
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correct any errors contained in the Materials or to notify you of updates to the Materials or to product
specifications. You may not reproduce, modify, distribute, or publicly display the Materials without prior
written consent. Certain products are subject to the terms and conditions of Xilinx’s limited warranty,
please refer to Xilinx’s Terms of Sale which can be viewed at www.xilinx.com/legal.htm#tos; IP cores may
be subject to warranty and support terms contained in a license issued to you by Xilinx. Xilinx products are
not designed or intended to be fail-safe or for use in any application requiring fail-safe performance; you
assume sole risk and liability for use of Xilinx products in such critical applications, please refer to Xilinx’s
Terms of Sale which can be viewed at www.xilinx.com/legal.htm#tos.

XILINX PRODUCTS ARE NOT DESIGNED OR INTENDED TO BE FAIL-SAFE, OR FOR USE
IN ANY APPLICATION REQUIRING FAIL-SAFE PERFORMANCE, SUCH AS APPLICATIONS
RELATED TO: (I) THE DEPLOYMENT OF AIRBAGS, (Il) CONTROL OF A VEHICLE, UNLESS
THERE IS A FAIL-SAFE OR REDUNDANCY FEATURE (WHICH DOES NOT INCLUDE USE
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WARNING SIGNAL UPON FAILURE TO THE OPERATOR, OR (lll) USES THAT COULD
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