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Summary

The High-Definition Multimedia Interface™ (HDMI) I/O standard utilizes a 3.3V terminated
transition minimized differential signaling (TMDS) standard. Although TMDS signaling can be
received natively using the Spartan®-6 FPGA SelectlO™ interface, using the GTP transceivers
can increase performance. The focus of this is application note is on techniques to enable
systems using the higher bandwidth capability of GTP receivers.

It is possible to use an external passive network to adapt the GTP transceivers to receive a
signal that is compliant with HDMI technology. In this application note, two alternative passive
networks are presented, analyzed, and compared from both a theoretical and a practical point
of view. Both networks were tested on a custom development board to explore their signal
integrity limits and to confirm theoretical expectations.

Although the results are general, the chip-to-chip use case is the one primarily considered in
this application note. The target data rate used for HDMI is 1.45 Gb/s.

Introduction

Figure 1 shows the conceptual schematic of an HDMI differential pair as described in the HDMI
Specification 1.4a, Section 4.2.1[Ref 1]. In Figure 1, AV is expected to be 3.3V.
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Figure 1: Conceptual Schematic of a TMDS Differential Pair
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Because the AV is limited to 1.2V in Spartan-6 devices, the GTP receiver cannot be used
directly to receive the HDMI data. A passive external network can be used to overcome this
limitation.

Passive Network Examples describes two alternative examples and compares them from both
a theoretical and practical point of view. Measurements shows the measurement results that
are correlated in Conclusion with the theoretical expectations.

Passive The following sections provide detailed descriptions of two types of passive networks.
Network Passive Network E le 1
Examples assive Networ Xxample
Figure 2 illustrates the first passive network example.
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Figure 2: Topology of Passive Network 1

The internal termination of a Spartan-6 device cannot be disabled, and the maximum voltage it
can connect to is 1.2V. For this reason, the termination cannot be used to bias the transmitter
at 3.3V.

The inductors offer the biasing path to the transmitter and, because the impedance of the
inductors increase with frequency, the inductors disconnect the external termination over
frequency. The signal is blocked by the inductors and is terminated by the internal termination
in the Spartan-6 FPGAs GTP receiver.

The passive network can be placed at the transmitter end, the receiver end, or in any other
position in the transmission line because GTP receivers have signal termination.

The resistor values in this first example must be 50, while the inductor and capacitor values
are more flexible.

The 8B/10B coding guarantees DC balancing over 20 bits, thus the condition on the capacitor
choice is that the time constant of the RC low-pass filter is greater than 20 times the unitinterval
of 670 ps.

T=RC

Equation 1
T = 20 x690ps = C = 276pF
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Assuming a factor of 50, the minimum value is calculated as being approximately 13 nF. In
theory, the maximum capacitor value is not limited. In practice, increasing the capacitor value
excessively reduces the signal integrity quality as more parasitic capacitance is added to the
line.

In the schematics (see Figure 4), 100 nF was used.

The biasing is provided through the inductor path, which has a cutting frequency much lower
than the signal bandwidth. Assuming the signal bandwidth is generally above 75 MHz, the
inductor is constrained in this way:

R .
fout = Sl = 75MHz Equation 2

Solving for L:
R

L= 5ax75MAz

In theory, there is no limitation on the size of L. However, L is limited by the parasitic
capacitance. The size of L in this schematic example is L = 1 pyH.

= 0.1uH

The package size for all passive components must be chosen so that the parasitic capacitance
is minimized. The length of the traces are designed to be as short as possible (highlighted in
Figure 3).

AC
Coupling

Inductors

Resistors X1077_03_010413

Figure 3: Example Layout to Minimize the Parasitic Capacitance

An sample schematic for this example is shown in Figure 4.
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Figure 4: Schematic of Passive Network Example 1

Passive Network Example 2

Figure 5 illustrates the second passive network.
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Figure 5: Topology of Passive Network Example 2
The second passive network example offers the biasing that an HDMI-compliant transmitter

expects using 50Q external resistors. Signal termination is on the receive-side inside the
Spartan-6 device.
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This network must be placed as close as physically possible to the transmitter to minimize any
degradation in signal integrity. Thus, it is used only for HDMI links where the designer controls
both the transmitter and the receiver. This situation is often referred to as the embedded case
or the chip-to-chip case and is not compliant with the HDMI specification.

With this second passive network example, only half of the signal amplitude is available at the
Spartan-6 device 1/O input as compared to the example in passive network 1. Although this is
generally a drawback, the Spartan-6 device also works well with 500 mV peak-to-peak
differential 1/O.

As shown in Figure 6, the network is placed close to the transmitter. The AC coupling is not
shown because it is set up close to the connector.

Resistors

Transmitter X1077.06.010413

Figure 6: Layout for Passive Network Example 2
Comparison of Examples
Table 1 lists the advantages and disadvantages of the two passive network examples.

Table 1: Comparison of Passive Network Examples

Example Advantages Disadvantages

A high (1V peak-to-peak) differential amplitude,

Passive Network 1 compliant with the HDMI standard.

Inductors increase board space and add cost.

Amplitude is 500 mV peak-to-peak differential.

Passive Network 2 | Ideal termination for good signal integrity. Example is not compliant with HDMI standard

The first passive network example has double the amplitude compared to the second example.
With a typical 10 mA tail current in the transmitter, the first passive network exhibits a 1V
peak-to -peak differential amplitude while the second example is only half the amplitude.
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Measurements

However, the external components at the receive-side degrade the signal integrity more in the
first example. Additionally, the first passive network example has an added cost because it uses
six external devices instead of four.

On the surface, the second example passive network appears to be a better solution. However,
it is not a solution for use with HDMI-compliant transmitters. Because access to the transmitter
in a standard HDMI system is not possible when implementing a receiver, termination resistors
must be physically located as close as possible to the transmitter to minimize stubs created by
the resistors during normal operation of the link at high frequencies. The second example
passive network can only be used when the location (and value) of the termination resistor can
be selected (such as in an embedded chip-to-chip system where access to both the receive
and transmit sides is possible).

It is possible to mitigate the disadvantages listed in Table 1. For example, in the first passive
network example, the biasing resistor can be increased as long as the transmitter can operate
with a lower than 3.3V termination voltage. Increasing the biasing resistors has the effect of
increasing the peak-to-peak differential value of the signal amplitude on the line.

The first passive network example can be simplified by removing the inductor. This is not the
second passive network example because the passive capacitors are located close to the
receiver. The impedance termination becomes a 50Q differential resistor instead of a 100Q2
resistor that limits the signal integrity (incorrect termination value) and amplitude level. Also in
this case, it is possible to increase the resistor value as soon as the transmitter is able to
tolerate working with less than 3.3V. This new resistor value increases the overall termination
value to between 50Q and 100€. This increased modification is only recommended if the line is
very short and therefore not affected by the non-ideal termination value.

This section describes the hardware measurements that were taken on a Spartan-6 FPGA
GTP receiver using a commercial HDMI driver from STMicroelectronics [Ref 2].

Figure 7 shows the architecture of the test plan for the HDMI board. This HDMI board was
specifically designed and manufactured for making these measurements.
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Figure 7: Test Setup for HDMI Board Showing Probe Point A
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For the measurements in this application note, the board hosting the Spartan-6 device is the
SP623 (see http://www.xilinx.com/products/boards-and-kits/CK-S6-SP623-G.htm).

The Spartan-6 device, running IBERT, generates pseudorandom binary sequence (PRBS)
data for the HDMI board. For more information on PRBS data see the application note An
Attribute-Programmable PRBS Generator and Checker (XAPP884) [Ref 3].

On the SP623 board, an HDMI-level translator from STMicroelectronics (STHDLS101T) [Ref 2]
converts the PRBS to the correct HDMI electrical format (open collector). On the same board,
two channels are under test (note the four wires going in and out of the HDMI board). One
channel is for the first passive network example and the other is for the second example.
Figure 8 includes two photographs of a general HDMI board test setup.

Temperature

REFCLK HDMI Board Control Head

Spartan 6 FPGA ST Level Translator X1077_08_010413

Figure 8: General Test Setup (Temptronic Head Unit Is Shown in the Right Photograph)

Note: The inductors used in these tests are Murata LQM21NN1R0K10D.
The following conditions are considered for both passive network examples:

* PRBS7 was used for target coding and PRBS31 for stressed coding
* 1.45 Gb/s was used for the target rate and 2.5 Gb/s for the stressed rate

e —40°C, 25°C, and 125°C are the test temperature ranges. Due to setup limitations, these
are the intended package temperatures used for these examples.

The first six tests (1-6) consider different combinations of the passive network examples,
stressed rate, and temperature. Tests 7, 8, and 9 only use the second passive network example
in the non-ideal case where the transmitter biasing resistor is moved about one inch away from
its ideal position (close to the transmitter). This is referred to in the rest of this document as the
modified example 2. Tests 10 through 19 show the HDMI signal as it goes into the

Spartan-6 FPGA receiver. This signal is generated by a standard HDMI driver, processed by
the passive network examples 1 and 2, and then sent to a real-time scope with a 40 cm coaxial
cable. All measurements are single ended. Further details of the tests include:

e The device under test was labeled as XC6SLX150T 3C-ES FFG676AIV0941 (serial:
D4019216A)

e The board under test was labeled as HW-S6T-SP623 rev. C (serial: 62770028)
* IBERT was used with ISE® Design Suite v14.1
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Different tests were run combining data rates, patterns, passive network examples, and
temperature. The following sections describe each of these tests.

The target data rate for this application is 1.45 Gb/s and the target pattern is HDMI (in the tests,
PRBS7 is used to resemble the 8B/10B data pattern). In these tests, many conditions were
artificially stressed to determine the robustness of the link. Specifically, the PRBS31 at a rate of

2.5 Gb/s was often used.

In IBERT, the two left-most GTP transceivers used are:

* GTP 101_0: Connected to the first passive network example

e GTP 101_1: Connected to the second passive network example

A REFCLK is provided through reference clock input 101_0 using this setup:

* PRBS data at 1.45 Gb/s: REFCLK of 145 MHz with multiplier factor of 10
* PRBS data at 2.5 Gb/s: REFCLK of 125 MHz with multiplier factor of 20

Test 1: Temperature = 125°C

Conditions for the test shown in Figure 9:

* Both passive network examples tested
e Operation rate: 1.45 Gb/s
e PRBS31
e Temperature = 125°C
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Figure 9: Test 1:

PRBS 31, 1.45 Gb/s, T = 125°C
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Test 2: Temperature = 25°C

Conditions for the test shown in Figure 10:

* Both passive network examples tested
e Operation rate: 1.45 Gb/s
 PRBS31

e Temperature = 25°C
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Figure 10: Test 2: PRBS 31, 1.45 Gb/s, T = 25°C
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Test 3: Temperature = -40°C

Conditions for the test shown in Figure 11:

* Both passive network examples tested
e Operation rate: 1.45 Gb/s
 PRBS31

e Temperature = —40°C
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Figure 11: Test 3: PRBS 31, 1.45 Gb/s, T = -40°C
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Test 4: Different PRBSs, Temperature = 125°C
Conditions for the test shown in Figure 12:
e Operation rate: 2.5 Gb/s
* Both passive network examples tested:
* Example 1 using PRBS7
* Example 2 using PRBS31
e Temperature = 125°C
Passive network example 1 is marginal at 2.5 Gb/s using PRBS31.
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Figure 12: Test 4: Different PRBSs, 2.5 Gb/s, T = 125°C
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Test 5: Different PRBSs, Temperature = 25°C

Conditions for the test shown in Figure 13:
e Operation rate: 2.5 Gb/s
* Both passive network examples tested:
* Example 1 using PRBS7
* Example 2 using PRBS31
e Temperature = 25°C

Passive network example 1 is marginal at 2.5 Gb/s using PRBS31.

8 Chinscope Pro Ana
File Yiew JTAGChain Device IBERT SSCTP Window Help

2:i| B o 1) JTAG Scan Rate: 18 -] 5!

Hew Project i | &1 BERT Console - DEV:1 MyDevice1 [XCSLX150T) UNIT:1_O MyIBERT S5 GTP1_0 (IBERT S6GTP) i i
ng;?:,omwg (Syslem_ACE_CF) [ MGTEERT Sefings | DRP Sefings | PortSefings | Swaep TestSettings |
+ DEV:1 MyDevice1 (NCHSLXY!
% UNIT-1_0 MfBERT 56 GTP1_0 (IBERT 56 GTP) | GrPaiDuALxovi0o | GTPalDUALXoY1 1 [ GTPAaiDUAL XYoo [ GTPAL DUAL XYl 1 ]
IBERT Console 7 MGT Settings
WGT Altas [ DUAL101_0 DUAL101_1 [ DUAL123 0 DUALTZI_1 |
o Tile Location GTPA1_DUAL_X0Y1 GTPA1_DUAL_X0Y1 GTPAT_DUAL_X1Y1 GTPAT_DUAL_XTY1
‘Signals: DEV: 1 UNIT: 1_0 MGT Link Status 25Gbps 25Gbps Mo Link Wo Link
Line Rate 25 Gbps 25Gbps 25 Gops 25Gops
PLL Status LOCKED LOCKED LOCKED LOCKED
Loopback Mode Hang [=| [None [=] [None [> [None I
DUAL Reset Resat ] Resel L Reset - Reset N
T Polarity nvert [+ | ™| ()
e et ... .. N — - S | [R— Mt N —. -] _
TX Diff Oulput Swing [BFZmv 61011 Tv] BFZmvio101 T~ [Z05mv 06007 =) B o0 =
TX Pre-Emphasis 0 di iooa) [=] [GaE 006 1= [0d8 666 |=] [GaEi0h =
RX Polarity Irnvert = (™) = (!
RX AC Coupling Enable =] (=] ™) e
RX Termination Vottage  [MGTAVIT * [=| [METAVTT * =] [GND I=] [GND -
RX Equalization (2 T — 1) [~] 30 T 1 —
RX Sampling Point ——st|—— pspaun et |—— ososn ——sel—— osoaw & 0504
¢ BERT Settings
TX Data Pattem [PRES 7-bit =] [PRES 3100 [=] [PRES 71 =] [PREST-0n [=
RX Data Paflern [PRES 7-6it [=] [PRES3-00 [=] [PREST-51 [=] PRES7-50 [=
RX B Error Ratio 9 450E-013 9 476E-013 A 500E-001 31 500€-001
RX Recetved Bl Count 1.057E012 10556012 12126012 12126012
RX B Ermor Count 0.000E000 0.000E0DD 42438011 42428011
BERT Reset Resel Resel Reset Ressl
ri;o Using ISC_DISABLE instead of JSTART =]
INFO: Found 1 Care Unil in the JTAG device Chain =
-
Reading file: CISE 5, _ibertbit |

X1077_13_122212

Figure 13: Test 5: Different PRBSs, 2.5 Gb/s, T = 25°C

XAPP1077 (v1.0.1) January 17, 2014 www.Xilinx.com 12


http://www.xilinx.com

Measurements & XILINX.

Test 6: Different PRBSs, Temperature = -40°C

Conditions for the test shown in Figure 14:

e Operation rate: 2.5 Gb/s

* Both passive network examples tested:
* Example 1 using PRBS7
* Example 2 using PRBS31

e Temperature = —40°C

Passive network example 1 is marginal at 2.5 Gb/s using PRBS31.

3 ChipScope Pro .
File View JTAGChain Device IBERT_S6GTP Window Help

2@ | B 0 D macscemmme (7 [w] S

Neow Project +| &3 1eRT Console - DEV:A (XCESLX150T) UMIT:1_0 My BERT 6 GTP1_0 (BERT S6.GTP) R s
T Do Devicsd system ACE CF [ MGTBERT Sefings | ORP Setings | PoriSefings | Sweep TestSefings |
+ DEWA XCHSLX150T)
¢ UNIT:1_0 MYBERT 86 GTP1_0 (IBERT &6 GTP)
IBERT Console ¢ MGT Seftings
MGT Allas | DUAL101_D DUAL101_1 | DUAL123_0 | DUAL1231 |
- Tile Location GTPA1_DUAL_XOY1 GTPAT_DUAL_XOY1 GTPAT_DUAL_X1¥1 GTPA1_DUAL_X1¥1
Signals: DEV: 1 UNIT: 1_0 MGT Link Status 25Gbps 25 Gbps Ho Link Mo Link
| Line Rate 25G8ps 25Ghps 25Gbps 25Gbps
PLL Status LOCKED LOCKED LOCKED LOCKED.
Loopback Mode [None [=] [Nene [ [Hone =] [Fone |-
DUAL Reset [ Reset Reset Resat | Resel |
TX Polarity Invert (w} [ (] =]
T Emor inject ngect inpwct nject | Inject |
TX Dt Output Swing [B72 mV 1611 [=] BFEmVET0T [ (208 miV 70000 L] (05 iV 100001 1=
TX Pre-Emphasis [0 a8 76007 [=] [0.a870661 1=] [0087066) L= 0985001 |
R Palarity loven (] ™) (=] &
RX AC Coupling Enabie g [w wl vl
RX Terminabon votage ~ [MGTAVTT * || [WGTAVT! [w] [GND I=]| [GND [=]
R Equalization D3dB0 | [ =] 03087000 | =T — .|
R Sampling Point & 0504w e 0.504 L1 &4 |—— ps0aul 64 |—— o504
7 BERT Settings.
TX Data Pattern FRES 751 [=] PRESSioE [=] [PRESTH [=] [PREST-Bit [=
R Data Patiern PRES 7-0i [=] PRESSitE [+ [PREST-5it =] [FRES 75 =
RX Bit Error Riatio 35546013 355TE-013 3500E-001 3.499E-001
R Received B Count 28136012 2811EM2 297T1E012 2971ED12
RX Bit Error Count 0.000EDDD 0 000ED0D 1.040E012 1.039E012
BERT Reset [ Reset ] Resel Resel ] Resel
W =
INFG: Found 1 Core Unit in the JTAG device Chain. =
CASE_desig 315_5_ _chi _ibertbit

X1077_14_122212

Figure 14: Test 6: Different PRBSs, 2.5 Gb/s, T = -40°C
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Test 7: Modified Example 2, Temperature = 125°C

Example 2 was modified by placing a 50Q biasing resistor one inch away from the transmitter.
Only the left-most GTP transceiver was used in this test.

Conditions for the test shown in Figure 15:

e Operation rate: 2.5 Gb/s
* PRBS31
e Temperature = 125°C

Eile ¥iew JTAGChain Device IBERT_S6GTF Window Help

2@ B @ o macsenmee (3 [¥] S

Mew Project 1 83 18R console -DEV: (XCOSLX150T) UMIT:1_O MYBERT S6GTP1_DPBERTS6GTR) o o &
ﬂﬁgesr':}an;‘rom_su (System_ACE_CF) Selings | DRP Semngs | PoniSetings |~ Sweep Test Setings
+ DEVA MyDevice1
¢ UMNIT-1_0 MyIBERT S5 GTP1_0 IBE] -
IBERT Console 7 MGT Setiings -
MGT Mlias [ DUAL101_0 DUAL101_1 | DUAL123_0 | DUAL123_1 |
- I T Tile Location GTPA1_DUAL_XOY1 GTPAI_DUAL_XOY1 GTPA1_DUAL_X1¥1 GTPA1_DUAL_X1¥1
Signals: DEV: 1 UNIT: 1_0 MGT Link Status 25Gbps Mo Link Mo Link Mo Link
Line Rate 25Gbps 25Gops 25Gbps 25Gops
PLL Status LOCKED LOCKED LOCKED LOCKED
Loopback Mode [fione [=] [Fone [=] [Fone [=] [Mone [=]
DUAL Reset Reset Reset Reset | Reset |
TX Polarty Invert = dJ () ™|
T Emor inject [ Inject Ingect Inject ] Inject ]
T Diff Outpist Swing [ETZmv 1011 [=] ETZmvioioin =] TV (00001 [=] [205 mVioaao; [=]
TX Pre-Emphasis i de 1004 [=] [GaE0001 [ [0dHmaa [=]| [('a8 70067 =]
R Polarity Invert () [ (=) ™|
RX AC Coupling Enable (] (=] wl [l
RXT vonage  [MGTAVIT * 1= [NEYAVTT = w| [GNO |=| [GHNG 1=
RX Equalizaion Oy e [B3d8060 [=] (O3B EINE R 1L —
R Sampling Point —— s osamn ——s|—— ossau ——s}—— os0au “ 0.504 U1
¢ BERT Sattings.
T Data Patiern i B2 — R [=] PREST-SH l=] EREST-5i =]
RX Data Pattern PRES 7-bit [=] [PREST 5 [=| [PRES75it [=] [PRES 75 [=] |
R Bil Erfor Raio 02086013 3 500€-001 3.500E-001 3 S00E-001
RX Received Bit Count 1.0B6E012 2318E012 9.480E012 8.480E012
R Bit Emor Count 0.000ED00 81136011 33186012 33186012
BERT Resal _ﬂ.‘lﬂ Resal Résal | Resal

ﬁmmmm’{IWmm £1]
INFQ: Trying to open Xilink Platform USB Cable on pon LUSB2

INFO: Successfully opened Xiling Platform USE Cable

INFO: Cable: Platform Cable USB, Port USBE21, Speed 3 MHz

INFQ: Found 1 Corg Unit in thi JTAG device Chain.

CNSE 5.1

¥ _ibertbit

|i¢_ MED =

X1077_15_122212

Figure 15: Test 7: PRBS31, 2.5 Gb/s, T = 125°C
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8 Crsone

Eile \iew JTAG Chain Device IB‘ER’I_STF' Window Help

Test 8: Modified Example 2, Temperature = 25°C

Example 2 was modified by placing a 50Q biasing resistor one inch away from the transmitter.

Only the left-most GTP transceiver was used in this test.

Conditions for the test shown in Figure 16:

e Operation rate: 2.5 Gb/s
* PRBS31
e Temperature = 25°C

2@ B 0 D masscmmme [ [w] 5!

Mew Project +| &3 i2eRT Consote - DEV:A {XCBSLX150T) UNIT:1_0 MyIBERT $6 GTP1_O (BERT S66TR) e Ry g B
m&fﬁfﬂ,ﬂm,n [System_ACE_CF) MGT/BERT Seflings | DRP Sefings | PotSefings | Sweep TestSeftings |
7 DEV:1 MyDavice1 (NCESLX1SOT) ’
& LINIT-1_0 MyBERT 56 GTP1_0 (IBE|
IBERT Console + MGT Settings
MGT Allas DUAL101_D | DUAL101_1 | DUAL1Z3_D DUAL1Z3 1 ]
o= I I Thle Location GTPA1_DUAL_XO0Y1 GTPA1_DUAL_X0Y1 GTPA1_DUAL_X1Y1 GTPAI_DUAL_X1Y1
‘Signals: DEV: 1 UNIT: 1_0 MGT Link Status 25Gbps Mo Link Mo Link Mo Link
Line Rate 25Gbps 25Gbps 25Gops 25Gbps
PLL Status LOCKED LOCKED LOCKED LOCKED
Loopback Mode [Hone =] [fone [=] [Hane =] [Fione =
DUAL Reset Resat | Reset Resst Resst
TH Polasity invert =] = (] =]
TX Error Inject Inject | Iniec inject Inject
T Dilf Cutput Swing [ETZm T [=] [ETZmviaiot =] [EEmV o000 [ [205 mv 100081 =
TXPre-Emphasis 008 (0001 [»] [DdB 0001 [=] [0d80001 [>] DaBmon £
R Polarity Invert =] (= (=] (=]
R AC Coupling Enable [ =] 7] =)
R Termination Voltage  [MGTAVIT * =] [WGTAVIT * [=] [GND l>| [GND [=
RX Equalization @380 [=] [G3dEm0 IEZQEET T[] =] @3@mn =
Rt Sampling Point 64 |—— os0aul -4 |—— o504 &1 |—— psosun et l—— osaew
7 BERT Settings
TX Data Pattem [FRES 75t I=] [FRES3T5E [=] PRESTSE [~] PRESTSE I~
RX Data Patlern [FRES 7-5i =] [FRES 75t [=] [PRESTHR [+ [FRES 7B =
RX BILEror Rabo 9.962E-013 3500E-001 3.5006-001 3500E-001
RO Received B4 Count 1004012 2181E012 14136013 14136013
X Bit Error Count 0.000E000 T.EISE0N 4844E012 4844E012
BERT Reset Reset Reset Resel Reset |

IBE?E Buccessuily opened connechion 10 server. IocaiNosLE0001 (locainosyi27.0.0,.1)

INFQ: Trying lo open Xilinx Platform USE Cable on port USB2
INFO: Successfully opened Xilinx Piatiorm USE Cable

INFQ: Cable: Pladform Cable USB, Port USE21, Speed: 3 MHz
INFO: Found 1 Core Unitin the JTAG device Chain.

CASE_desig 5

ibert bit

Figure 16: Test 8: PRBS31, 2.5 Gb/s, T = 25°C
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Test 9: Modified Example 2, Temperature = -40°C

Example 2 was modified by placing a 50Q biasing resistor one inch away from the transmitter.
Only the left-most GTP transceiver was used in this test.

Conditions for the test shown in Figure 17:

e Operation rate: 2.5 Gb/s
* PRBS31
e Temperature = —40°C

8 o o g
Eile View JTAGChain Device IBERT_S6GTF Window Help

2@ )| By ¥ D macsempate: 2 [¥] 5

p—
1
Mew Project | v}l 8 18€RT Console - DEV:1 (XCBSLX150T) UNIT:1_0 MyIBERT $6 GTP1_0 (IBERT S6GTP) i S o d X
JTAG Chain === === = = =
DEV-0 MyDevice0 (System_ACE_CF) Sefings | DRP Seftings | PortSefings | Sweep Test Seftings |
+ DEV:1 MyDevice1 (XCESLX150T)
¢ UNIT-1_0 MyIBERT 56 GTP1_0 (IBEI | GTPAIDUALX0Y1 0 | GIPALDUALXOYL1 ]| GIPALDUALXIVI0 ]| GIPA1 (]
IBERT Console ¢ MGT Settings. -
MGT Allas | DUAL101_0 | DUAL101_1 || DUAL123_0 || DUAL123_1 |
(iR I | Tile Location GTPA1_DUAL_XO0Y1 GTPA1_DUAL_X0Y1 GTPAT_DUAL_X1Y1 GTPA1_DUAL_X1Y1
P
Signals: DEV: 1 UNIT: 1_0 MGT Link Status 2.5 Gbps No Link No Link No Link
Line Rate 25Gbps 25 Gbps 25 Gbps 25Gbps
PLL Status LOCKED LOCKED LOCKED LOCKED
Leopback Mode fione =] [Hene” 1= [Fene I=] [Fene Ix]
DUAL Reset Resel I Reset Reset I Reset |

T Polarity invert (™) (™)

[ inject
[>] [ETZmV 01011
[x] [0dBT0G0)

TX Error Inject

T D4l Qulput Swing

TX Pre-Emphasis

RX Palanty Irven

RX AC Coupling Enable ) () ¥l vl

RX Tormination Voltage  [MGTAVIT = [w] MGTAVIT = I=] [GNG [=] [GND I=]

R Equalization |65 d T6ah ] [05d8 7007 =] [0 d87060 =] 5087060 I

R Sampling Point ——esf—— os0aun B |—— 0504 ——8f—— o054 ——8|—— os0sun
¢ BERT Settings

TX Data Paltem [PRES 7-bit =] [PRES 360t [=] [PREST-5il =] [FRES 751 I=

RX Data Pattern [PRES7-bit_ Tl 1] [PREST-5H [>] [FREST-5Il 1=

RX Bt Enror Ratio 2124€-012 3500€-001 3 500€-001 3500€-001

RX Recowved Bit Count 4709E011 8.204E011 1.276E013 1:276E013

R Bit Error Count 0.000E000 28726011 4 4BBED12 44BEED12

BERT Reset Reset Reset Reset I Reset

[WNFG: Successhully opened conneclion fo server. localhost50001 (locahosti27 0.0.1)
INFQ: Trying to apen Xilinx Platiorm LS8 Cable on port USB2

INFO: Successfully opened Xilinx Platiorm USE Canle

INFOQ: Cable: Piatform Cable USB, Port USB21, Speed: 3 MHz

INFO: Found 1 Coré Uinitin the JTAG dévice Chain.

Jel:

Reading file: CASE_ 3\5_5_1

_ibertbit

X1077_17_122212

Figure 17: Test 9: PRBS31, 2.5 Gb/s, T =-40°C
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Test 10: Jitter Analysis using Example 1, PRBS7, Rate = 1.45 Gb/s

The purpose of this test is to show the effect of the first passive network example in terms of
jitter. The location of the probe point positions is shown in Figure 7.

Conditions for the test shown in Figure 18:

e Probe point: A

e Operation rate: 1.45 Gb/s

* PRBS7

./ DPOUJET Plots

e ageuw ool £ EDS

 TJ@BER1: Bathtub

Description

StdDev  Max

100mHz 200MHz 3006 400MHz  SO0MHZ

Details

___IE!II-__

(#) Height1, Ch3 363.28m\V
(= TJ@BER1, Ch3 114.00ps
(2] RJ-661, Ch3 3.1273ps
(=) DJ-6B1, Ch3 70.215ps
1= Width@BER1, Ch3 575.67ps

Jstat E© m /[ =g

1.0167mV
261.36fs
10.331fs
142.291s
251.36fs

354.01mv
114.19ps
3.1359ps
70.371ps
575.96ps

= % Network 2 1,45...

352.12mv
113.71ps
3.1158ps
70.092ps
575.48ps

1.8879mV

479.891s 0.0000s
20.040fs 0.0000s
278.611s 0.0000s
479.891s 0.0000s

P < e

Figure 18: Test 10: Example 1, PRBS7, 1.45 Gb/s

G600

Hucule

Sinyla

Finding Edges

10:18 AM
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XAPP1077 (v1.0.1) January 17, 2014

www.Xxilinx.com

17


http://www.xilinx.com

Measurements

& XILINX.

Test 11: Jitter Analysis using Example 2, PRBS7, Rate = 1.45 Gb/s

The purpose of this test is to show the effect of the second passive network example in terms

of jitter. The location of the probe point positions is shown in Figure 7.

Conditions for the test shown in Figure 19:

e Probe point: A

e Operation rate: 1.45 Gb/s

* PRBS7

" DPOJET Plots

| |I_J HEIuhﬁ Ch2 207.79mV  0.0000V

| |® r@BeR1, ch2 104.16ps
|(#) RJ-8D1, Ch2 3.1002ps

|| @ DJ-6d1, Ch2 60.759ps
585.51ps

Figure

0.0000s
0.0000s
0.0000s
0.0000s

207.79mv
104.16ps
3.1002ps
60.759ps
585.51ps

207.79mv
104.16ps
3.1002ps
60.759ps
585.51ps

0.0000v
0.0000s
0.0000s
0.0000s
0.0000s

_ TIE®: Spectrum

Hslghll Eye Diagram

IJ.EIIJIJIJ\‘
0.0000s
0.0000s
0.0000s
0.0000s

19: Test 11: Example 2, PRBS7, 1.45 Gb/s

0.0000s
0.0000s
0.0000s
0.0000s
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 DPOUET Plots

HE | agaa@me ool ald A EHT

Test 12: Jitter Analysis using Example 1, PRBS31, Rate = 1.45 Gb/s

The purpose of this test is to show the effect of the first passive network example in terms of
jitter. The location of the probe point positions is shown in Figure 7.

Conditions for the test shown in Figure 20:
e Probe point: A

e Operation rate: 1.45 Gb/s

* PRBS31

: Spectrum

alaall

I o
OHz 1000z
11: Bathtub 3

Jitter and Eye Diagram Analysis Tools

‘StdDev  Max
(Configuee) m——m— TR
= Hemhﬁ Ch3 20134mV  5.1599mV  207.52mV 286.87m\ 10.651mY 5§ 0.0000v 0.0000V A
[# TJ@BER1, Ch3 13540ps  713.24fs  136.18ps 134.74ps 14354ps 5 0.0000s 0.0000s
[# RJ-6061, Ch3 7.1356ps  B83.064fs  7.2435ps 7.0161ps 22743fs 5 0.0000s 0.0000s
[# DJ-b61, Ch3 35498ps  668.68fs  36.519ps 34.770ps 1.7485ps 5 0.0000s 0.0000s
5

[# Width@BER1, Ch3 564.27ps  713.25fs  554.93ps 553.49ps 1.4354ps 0.0000s 0.0000s

Sequencing...

% Network 1 1.45... _ €0 ‘.

X1077_20_122212

Figure 20: Test 12: Example 1, PRBS31, 1.45 Gb/s

XAPP1077 (v1.0.1) January 17, 2014 www.Xilinx.com 19


http://www.xilinx.com

Measurements

& XILINX.

Test 13: Jitter Analysis using Example 2, PRBS31, Rate = 1.45 Gb/s

The purpose of this test is to show the effect of the second passive network example in terms
of jitter. The location of the probe point positions is shown in Figure 7.

Conditions for the test shown in Figure 21:

e Probe point: A

e Operation rate: 1.45 Gb/s

* PRBS31

) DPOJET Plots

Y LN -l

TJ@BER1: Bathtub

Description
© TIE1, Ch2
| |® Height1, Ch2
& TJ@BER, Ch2
| |@ RJ-81, Ch2
| |® DJ-b1, Ch2
| Width@BER1, Ch2

.
8 Click here bo begin
¥ 4 <
Jstat. @& m [

Std Dev m

200ps

mjlﬁ:-s

g IEEJI!I__-

203.16mv
125.49ps
6.2770ps
37.610ps
564.18ps

Figure 21:

0.0000v
0.0000s
0.0000s
0.0000s
0.0000s

203.16my
125.49ps
6.2770ps
37.610ps
564.18ps

203.16m\

125.49ps
6.2770ps
37.610ps
564.18ps

1
1
1
1

0.0000v
0.0000s
0.0000s
0.0000s
0.0000s

Test 13: Example 2, PRBS31, 1.45 Gb/s

0.0000v
0.0000s
0.0000s
0.0000s
0.0000s
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Test 14: Jitter Analysis using Example 1, PRBS7, Rate = 2.5 Gb/s

The purpose of this test is to show the effect of the first passive network example in terms of
jitter. The location of the probe point positions is shown in Figure 7.

Conditions for the test shown in Figure 22:

e Probe point: A
e QOperation rate: 2.5 Gb/s

* PRBS7

J DPOUET Plots

_ TJ@BER1: B:

| 1\ Description ' Mean

Std Dev

Haight1, Ch3 308.70mY  0.0000V

;l_J TJ@BER1, Ch3 125.38ps
| (@ RJ-001, Ch3 3.6677ps
| () DJ-0601, Ch3d 74.029ps
| &) Width@BER1, Ch3  274.63ps

istar @® wm /

0.0000s
0.0000s
0.0000s
0.0000s

308.70mV BDB.?IJmV 0.0000%
125.38ps 125.38ps 0.0000s
3.6677ps 3.6677ps 0.0000s
74.029ps 74.029ps 0.0000s
274.63ps 274.63ps 0.0000s

S Network 2 2.56bps ...

TIE1: Spectrum
)

' Population Max-cc

TIE1, Ch3 -494,550s | 14.100ps | 49, 212ps 1n1 21ps | 251961 | 58.481ps

0.0000v
0.0000s
0.0000s
0.00008
0.00008

Figure 22: Test 14: Example 1, PRBS7, 2.5 Gb/s
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Test 15: Jitter Analysis using Example 2, PRBS7, Rate = 2.5 Gb/s

The purpose of this test is to show the effect of the second passive network example in terms
of jitter. The location of the probe point positions is shown in Figure 7.

Conditions for the test shown in Figure 23:
e Probe point: A

e QOperation rate: 2.5 Gb/s

* PRBS7

J DPOJET Plots
Ea egaenn o llolcld »BF-0BEF gogd

TIE1: S-pt_a(:u'ul_'n

OHz
~ TJ@BER1: Bathtub ‘' Woltage

000: 499881, Tc

-300ps
T 2
A

142.19mV  49.980uV  142.22mV 142, 15mV ?D.asw
| TJ@BER1, Ch2 139.55ps  118.121s  130.64ps 139.47ps 167.05fs
(@) RJ-861, Ch2 3.5006ps  36.152fs  3.5351ps 3.4840ps 51.1271s
@ DJ-661, Ch2 90.418ps  388.01fs  90.692ps 90.143ps 548.72(s
@ Width@BER1, Ch2  260.46ps  118.12fs  260.54ps 260.37ps 167.05fs

S
AT

Reports || Finding Edges
! - - g = T e ery 1027 A
‘s Start Ew/ S = - B metworkz 1.45... [ SearchDeskiop |0 Y » L W "

X1077_23_122212

Figure 23: Test 15: Example 2, PRBS7, 2.5 Gb/s
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Test 16: Jitter Analysis using Example 1, PRBS31, Rate = 2.5 Gb/s

The purpose of this test is to show the effect of the example 1 passive network in terms of jitter.
The location of the probe point positions is shown in Figure 7.

Conditions for the test shown in Figure 24:
e Probe point: A

e QOperation rate: 2.5 Gb/s

* PRBS31

2 DPOJET Plots

TTII

TJ@BER1: Bathtub

Jitter and Eye Diagram Analysis Tools

StdDev  Max

Description | 1
mmm—-—

[+l Height1, Ch3 25553mY  1.8147mV  258.00mY 253.69mV 4.3080mV
[+ TH@BER1, Ch3 152.23ps = 438.36fs  152.65ps 151.62ps 1.0393ps
(*] RJ-6E1, Ch3 7.6840ps  45.945fs  7.7388ps 7.6421ps 96.7321s

[+ DJ-bb1, Ch3 44.654ps  464.86fs  45.340ps 44311ps 1.0288ps
[+ Width@BER1, Ch3 247.78ps  43B36fs  248.39%s 247.35ps 1.0393ps
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Figure 24: Test 16: Example 1, PRBS31, 2.5 Gb/s
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Test 17: Jitter Analysis using Example 2, PRBS31, Rate = 2.5 Gb/s

The purpose of this test is to show the effect of the example 2 passive network in terms of jitter.
The location of the probe point positions is shown in Figure 7.

Conditions for the test shown in Figure 25:

e Probe point: A
e QOperation rate: 2.5 Gb/s
e PRBS31

J DPOJET Plots

__ TJ@BER1: Bathtub

(O] Helu‘lﬁ Ch2

i+ TJ@BER1, Ch2

i+l RJ-6i1, Ch2

i+l DJ-6ib1, Ch2

=l Width@BER1, Ch2

‘4 start e wm/, =

137.58my
158.93ps
7.8231ps
19.411ps
241.07ps
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137. Snm\.f
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TIE1: Spectrum
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Figure 25: Test 17: Example 2, PRBS31, 2.5 Gb/s
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Test 18: Jitter Analysis using Modified Example 2, PRBS7,
Rate = 2.5 Gb/s

The purpose of this test is to show the effect of the modified example 2 passive network in

terms of jitter. The location of the probe point positions is shown in Figure 7.

Conditions for the test shown in Figure 26:

* Probe point: A
e Operation rate: 2.5 Gb/s

* PRBS7

 DPOJET Plots

Jitter and Eye Diagram Analysis Tools

Dmmﬂm IIBII

(O] Hnlgh‘l‘l Ch3 150.63mv
+| TJ@BER1, Ch3 144.80ps

@ & RJ-661, Ch3 5.5891ps

& DJ-001, Ch3 66.554ps
& Width@BER1, Ch3  255.21ps

"start e wm/

Figure 26: Test 18: Modified Example 2, PRBS7, 2.5 Gb/s
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Figure 27 shows visible reflections during Test 18.

| 100mV/div 500 By:6.0G 2.0ns/div  25.0GS/s IT 200fs/pt
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Man  July 24, 2012
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Figure 27: Test 18 with Reflections Visible
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J DPOUET Plots

Test 19: Jitter Analysis using Modified Example 2, PRBS31,
Rate = 2.5 Gb/s

The purpose of this test is to show the effect of the modified example 2 passive network in
terms of jitter. This stressed case produces one to two errors every 10 minutes, and the results
are considered marginal. The location of the probe point positions is shown in Figure 7.

Conditions for the test shown in Figure 28:
e Probe point: A

e Operation rate: 2.5 Gb/s

* PRBS31

TIE1: Hlstngram 5 TIE1: Spectrum

_ TJ@BER1: Bathtub

Jitter and Eye Diagram Analysis Tools

Details
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2 ! 40 AW
< 5] wetwork 1 2.5Gbps ... < ® B S

Tuesday

X1077_28_122212

Figure 28: Test 19: Modified Example 2, PRBS31, 2.5 Gb/s

All three passive network examples (example 1, example 2, and modified example 2) have solid
performance at the target rate and pattern. Highly stressful conditions were applied to compare
behaviors and to observe operating limits. In practice, the link was run at 2.5 Gb/s (72% line
rate increase) and PRBS31 (442% increase in the run-length) over the 125°C to —40°C
temperature range.

The PRBS standard data patterns are used to stress, at different levels, the capability of a clock
data recovery (CDR) to stay locked in the presence of consecutive identical bits (run-length)
which are the consecutive missing transitions. A PRBS7 has a run-length of up to 7 and a
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PRBS31 of up to 31. Therefore, it is more difficult to receive a PRBS31 data pattern correctly.
PRBS?7 is the most realistic pattern that resembles HDMI.

In general, example 2 provided better results than example 1. This agrees with the theory that
both terminations are ideal from the construction point of view. However, example 1 has more
passive components that cause a slight increase in signal integrity degradation. Example 2
cannot be used in the general case but can only be used in the embedded case, as described
in Passive Network Example 2, page 4.

When working at PRBS31 and a rate of 2.5 Gb/s, a very small subset of test cases involving
example 1 start to show a very low bit error rate (BER). Example 2 is stable when all stressful
conditions are applied at the same time.

However, example 2 must be placed close to the transmitter. When moved about one inch
away, performance starts degrading. With PRBS31 and a rate of 2.5 Gb/s, the modified
example 2 displays very few errors over a 10 minute period. When used at the target line rate
and coding, the modified example 2 exhibits solid performance over the tested temperature
range.

In general, at the target conditions of 1.45 Gb/s and PRBS7, all three networks exhibited solid
performance over the tested temperature ranges.

The passive networks analyzed in this application note and the associated measurements
results are intended as data points to manage the risks of using Spartan-6 FPGAs to receive an
HDMI data stream. These results are delivered as-is and cannot be considered as a
qualification report or guarantee of compliance.

The figures of this appendix include the HDMI card layout (Figure 29) and schematic
(Figure 30).

Hewl TasiBoand V1,0

Kiler Aurrrolive

X1077_29_121412

Figure 29: Layout of HDMI Card
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Figure 30: Schematic of HDMI Card

HDMI Specification 1.4a, Section 4.2.1

http://www.hdmi.org/manufacturer/nhdmi_1_4

2. STHDLS101T: AC coupled HDMI level shifter with configurable HPD output —

ST Microelectronics

http://www.st.com/st-web-ui/static/active/en/resource/technical/document/datasheet/

CD00202849.pdf

3. XAPP884, An Attribute-Programmable PRBS Generator and Checker
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Notice of The information disclosed to you hereunder (the “Materials”) is provided solely for the selection and use of

Disclaimer Xilinx products. To the maximum extent permitted by applicable law: (1) Materials are made available "AS
IS" and with all faults, Xilinx hereby DISCLAIMS ALL WARRANTIES AND CONDITIONS, EXPRESS,
IMPLIED, OR STATUTORY, INCLUDING BUT NOT LIMITED TO WARRANTIES OF
MERCHANTABILITY, NON-INFRINGEMENT, OR FITNESS FOR ANY PARTICULAR PURPOSE; and (2)
Xilinx shall not be liable (whether in contract or tort, including negligence, or under any other theory of
liability) for any loss or damage of any kind or nature related to, arising under, or in connection with, the
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
foreseeable or Xilinx had been advised of the possibility of the same. Xilinx assumes no obligation to
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 the Limited Warranties which
can be viewed at http://www.xilinx.com/warranty.htm; 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 Critical Applications: http://www.xilinx.com/warranty.htm#critapps.

Automotive XILINX PRODUCTS ARE NOT DESIGNED OR INTENDED TO BE FAIL-SAFE, OR FOR USE
App"cations IN ANY APPLICATION REQUIRING FAIL-SAFE PERFORMANCE, SUCH AS APPLICATIONS
Disclaimer 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

OF SOFTWARE IN THE XILINX DEVICE TO IMPLEMENT THE REDUNDANCY) AND A
WARNING SIGNAL UPON FAILURE TO THE OPERATOR, OR (lll) USES THAT COULD
LEAD TO DEATH OR PERSONAL INJURY. CUSTOMER ASSUMES THE SOLE RISK AND
LIABILITY OF ANY USE OF XILINX PRODUCTS IN SUCH APPLICATIONS.
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