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Summary The Compact Camera Port 2 (CCP2) protocol is used to interface between camera sensors
and receivers. The signaling scheme uses SubLVDS. Figure 1 shows an example topology
where a Xilinx 7 series FPGA fits into a CCP2 system.
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Figure 1: Example Topology of a 7 Series FPGA Interfacing to a Camera Sensor and
Other Components
This application note describes the SubLVDS electrical specifications. It includes a reference
design to implement resistor topology that emulates the electrical characteristics of a SubLVDS
transmitter and also covers the FPGA receiver.
SubLVDS SubLVDS is a differential low-voltage signal that is a subset of the LVDS in IEEE Standard
Transmitter 1596.3 [Ref 1]. SubLVDS operates at either 1.8V or 1.5V. A 1.8V V¢ is used for the receiver.

Table 1 lists the parameters necessary to implement SubLVDS.

Table 1: SubLVDS Transmitter Specifications

Parameter Minimum Nominal Maximum Unit
Vewmr fixed common mode 0.8 0.9 1.0 \%
Vgp differential voltage swing 100 150 200 mV
lop drive current range 0.833 1.5 2 mA
Drive current variation 15%
R, output impedance 40 140 Q

Figure 2 and Figure 3 show how the parameters listed in Table 1 are measured.

Vemr

The fixed common mode voltage, Vo, is one of the key differentiators between SubLVDS and
LVDS. For SubLVDS, the nominal common mode is 0.9V compared to 1.25V for LVDS. Figure 2
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shows two single-ended signals V|\p and V\yy toggling. The dark line at the bottom of the
figure shows the reference ground. The average of V\\p and V\yn is Vemr
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Figure 2: Single-Ended Signaling Showing Where the V¢ is Measured From

Vewmr is defined in Equation 1.

Vemre = (Vinp+ Viyn) /2 Equation 1

Vob

The differential voltage swing, Vop, is another key differentiator between SubLVDS and LVDS.
The maximum differential swing for SubLVDS is 200 mV. Figure 3 shows the differential signal
for SubLVDS and the measurement points that are used. The dark black line represents
ground. It is apparent that this is a differential signal, not a single-ended signal, because the
signal is centered around ground instead of Vg

Vob = Vop — Von

A

GND

VOD = VOP - VON X582_03_040512
Figure 3: Differential Signal for SubLVDS

The Vgp of the differential signal is defined in Equation 2.
Vop = Vor—Von Equation 2

When measuring Vgp, Vop is equal to the top line of the signal and V) is equal to the base
line of the signal.

SubLVDS The SubLVDS receiver is a differential self-biasing receiver. The SubLVDS receiver
Receiver specifications are listed in Table 2.
Table 2: SubLVDS Receiver Specifications
Parameter Minimum Typical Maximum Unit
Input voltage range (Vemp) — 0.4 | Veme (0.9V) | (Vomp) + 0.4 \Y
Receiver input high threshold V1 25 mV
Receiver input low threshold V1 -25 mV
Termination resistance value 80 100 120 Q
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Table 2 lists four parameters: Input voltage range, Vtyy, V1HL, and termination resistance
value. The input voltage range is self-explanatory in that the common mode voltage can range
from 0.5V to 1.3V. V1 and V1 are explained in more depth in V1, V1L, and Eye Width.
The termination resistance value is the parallel termination placed at the input of the receiver.
The termination resistance value should not be confused with the series termination value
mentioned later in this application note.

VTHH’ VTHL’ and Eye Width

The receiver eye has two thresholds, V. and Vpy, that are =25 mV and +25 mV,
respectively, as shown in Table 2. This is a 50 mV differential or +25 mV. In Figure 4, the dark
black line represents ground, and the dashed lines above and below ground show the
measurement points for V1, and Vryp.

X582_04_040512

Figure 4: Differential Signal Showing Vyyy and V1 Measurement Points
Relative to Ground

There is no strict eye mask for SubLVDS. Therefore, Figure 5 shows an eye diagram that has
several markers on it to represent an eye mask based on Vyy and V. The eye diagram is
a differential signal as denoted by the signal swinging above and below the dark black line that
represents ground (GND). The unit interval of the eye is represented by the total unit interval.
For example, if the interface is running at 200 Mb/s, the total unit interval would be 5 ns. At
25 mV above ground and 25 mV below ground, a box is drawn wherever the signal is open or
no crossing occurs. The region within the box is where the differential measured unit interval is
defined. Figure 5 shows how this application note defines the SubLVDS receiver eye.

- Total Unit Interval >

-«——— Differential Measured Unit Interval ———

+25 mV—+-

GND

—-25 mV—+
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Figure 5: Example SubLVDS Eye Mask

Using DIFF_HSTL_II_F_18 for SubLVDS Transmitter

The DIFF_HSTL_II_F I/O standard was chosen for the SubLVDS transmitter because it has a
common mode of 0.9V nominal. DIFF_HSTL_II_F_18 has too large of a swing to be used for

the SubLVDS signal. A series termination is placed in-line to reduce the signal swing and thus
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Reference
Design
Topology

meet the SubLVDS specifications while keeping the common mode in the correct range.
Figure 6 shows the reference design topology used in this application note to implement the
SubLVDS circuit.
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Figure 6: DIFF_HSTL18_lI_F Reference Design Topology Used to Implement SubLVDS

When designing systems, it is important to select a model that actually reflects the board and
system. This section provides some general guidelines for selecting a model.

Transmitter

Starting at the left side of Figure 6, the transmitter used in the reference design is the
Xilinx-supplied Input/Output Buffer Information Specification (IBIS) simulation model. The
actual 1/0 standard used from the IBIS model is DIFF_HSTL_II_F. This model should be
selected when setting up the simulation.

Package Capacitance

The package capacitance is part of the simulation. In this application note, the package files
provided with the IBIS and SPICE models are used. As a real example, the
FBG900_7K325T.pkg file with pin AB20 is a part of the Bare Die Flip Chip packaging. Other
packages and pins can be used but this pin, part, and package were chosen as a somewhat
typical option.

For the I0_L6N_TO_VREF_12 pin, the RLC is:
* R =0.173453Q
e L=1.46861nH
e C=1.39896 pF

Series Resistor

A series resistor of 470Q with a 1% tolerance is placed on the board near the transmitter. The
reasons why this 470Q value is used are:

» Strong enough to get the Vop below the 200 mV range
e A common value that can be found from many vendors
e Can be found in the 0204 and 0102 packages

e Can be found in 1% tolerance
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The small package is often a key factor in CCP2 designs. There is a range of resistance values
that could work. This application note provides a guideline for selecting those other values.

Board Trace

CCP2 is commonly used for less than 6 inches of trace with 50Q impedance. The same
guidelines have been used for these simulations. If the user’s board is shorter than 6 inches or
has a different impedance profile, the board’s impedance profile should be used for simulation.

SubLVDS Receiver

The SubLVDS receiver is placed at the end of the line. This is where the user can place their
particular SubLVDS receiver.

Electrical Simulation Tools

Simulations and Xilinx provides two methods of SelectlO™ technology simulation: IBIS and SPICE. Examples
Reference of both of these have been provided using the Mentor Graphics HyperLynx Simulation method
Design and Synopsis HSPICE. There are other simulators, but these are two most common ones.

Simulation Corners

The IBIS models that Xilinx provides are text format models that are generated from the SPICE
models. Xilinx IBIS models are generated from three corners: MIN, MAX, and TYP (Table 3).

Table 3: IBIS Simulation Model Corners

I%‘gﬂzﬁzzzr Silicglg ;r;cess Tem?fé?ture Voltage
(HyperLynx)
MIN (Slow-Weak) Slow 85 5%
TYP (Typical) Typical 25 Nominal Voltage
MAX (Fast-Strong) Fast 0 +5%

Figure 7 shows the layout for the HyperLynx simulation because the IBIS file contains the
package for which the IBIS model was manually edited to match the package for the AB20 pin.
A 50Q V17 termination is used in place of another IBIS model to match the SPICE model.
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Figure 7: 1BIS Simulation Model Using 50Q Vit

When probing using an IBIS model with Mentor Graphics, At DIE should be selected instead of
At PIN. This gives a better simulation result. The differential output should be used to measure
the eye opening. For this simulation, a differential probe was inserted at R4.1 and R3.1. The
result was thus differential.

The SPICE models provided by Xilinx are encrypted transistor models generated from the
circuit design. These models are generated with three process corners but allow for voltage
and temperatures to be set for each simulation. For this application note, the settings shown in
Table 4 were used.

Table 4: SPICE Simulation Model Corners

SFggEd(i:t(i);:er SI|IC(():I:) ;r:rcess Tem?fé;ature Voltage
MIN Slow 125 -5%
TYP Typical 25 Nominal Voltage
MAX Fast -40 +5%

Figure 8 shows what is built in the SPICE deck example provided in the reference design. For
the SPICE deck example, the same RLC package setting as the IBIS model was used. In the
SPICE deck, a 50Q V1 termination is used. The SPICE deck is set up to use the PTN3700
IBIS model so the code can be modified to use this IBIS model instead of the 50Q V11

termination.
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Figure 8: HSPICE Deck Topology Provided in Reference Design

When probing the transit response file (. tr0), the probe point t_right_p and t_right_n should
be used for the single-ended points. When measuring the eye width, t_right_p —t_right_n
should be used. This will give the differential results.

Results of The results of electrical simulation are shown in Table 5. There are two headers, one with the
Electrical SubLVDS specifications and one with DIFF_HSTL18_II_F as implemented in this application
Simulation gféer.ng.rewewmg the parameters line by line, the results show that the electrical specifications
Table 5: DIFF_HSTL18_IlI_F_HR with 470Q Termination Results
barameter SubLVDS Specification DIFF_HSTLT g?)lllo_l; as Imp ementad Uit
Minimum Nominal Maximum Minimum Nominal Maximum
Vewme fixed common mode 0.8 0.9 1.0 0.8 1.0 \Y
Vop differential voltage swing 100 150 200 100 200 mV
lop drive current range 0.833 1.5 2 0.833 2.0 mA
Drive current variation 15% 15%

Differential
Measured Eye

The performance range for SubLVDS is based on the eye diagram as defined in Figure 8 of a
+25 mV aperture or eye mask applied to an HSPICE slow simulation at 125°C with -5%

voltage.

Figure 9 shows 1.62 ns of a 1.66 ns possible window or 0.978 Ul opening. This closes more as
package effects of the receiver are added to the simulation.
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X582_09_013013

Figure 9: 600 Mb/s Differential Eye Measurement of Figure 8 at M Corner

Figure 10 shows the PRBS15 simulation results for the IBIS model. The eye measurement was
taken with two cursors placed at approximately 25 mV. The eye width is 1.63 ns of 1.66 ns, or
a 0.98 Ul opening. The eye opening closes as the receiver package is added to the simulation.

X582_10_013013

Figure 10: 600 Mb/s Differential Eye Simulation Result of Figure 7 at Slow-Weak corner
The IBIS and SPICE simulation track within the range of margin for two different simulation
models at different temperatures.

Performance

Timing closure must be performed on every particular board and application using a 0.70 Ul
differential measured eye as a guideline (see Table 6). This is only a guideline for the given
simulations. The user is responsible for simulating and closing timing on any given system.
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Table 6: Guideline for Performance of Xilinx-implemented SubLVDS with
DIFF_HSTL18_II_F

Speed Grade Per{:\)nrgsa)nce
3 600
2/2L 600
1 600
—2L/0.9V 600
Reference The reference design files for this application note can be downloaded from:
DeSign https://secure.xilinx.com/webreg/clickthrough.do?cid=202234

The reference design matrix is shown in Table 7.

Table 7: Reference Design Matrix

Parameter Description
General
Developer name Brandon Day
Target devices (stepping level, ES, production, speed | 7 series FPGAs
grades)
Source code provided Yes
Source code format SPICE decks and free-form schematics

Design uses code/IP from existing Xilinx application | No
note/reference designs, CORE Generator software, or

third party

Simulation

Functional simulation performed N/A
Timing simulation performed N/A

Test bench used for functional and timing simulations | N/A

Test bench format N/A

Simulator software/version used HSPICE versions 2010.03-SP1,
2010.12-SP1, 2010.12-SP2, 2011.09,
2011.09-SP1, 2011.09-SP2.

HyperLynx v8.2 64-bit.
SPICE/IBIS simulations Yes

Implementation

Synthesis software tools/version used N/A
Implementation software tools/versions used N/A
Static timing analysis performed N/A

Hardware Verification

Hardware verified No

Hardware platform used for verification N/A
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Table 8 shows the device utilization information.
Table 8: Device Utilization
Parameters Specification/Details
Maximum frequency (by speed grade) -1 600 Mb/s
-2 600 Mb/s
-3 600 Mb/s
Device utilization without testbench Slices N/A
(mandatory) GCLK buffers N/A
IOB pins 2 per pair
Bus width N/A
I/0O standard HSTL18_II_F
HDL language support N/A
Target memory device for verification Simulation N/A
N/A
Hardware N/A
N/A
Conclusion The SubLVDS |I/O standard can be used in the 7 series FPGA high-range (HR) input/output
block at high data rates by using a DIFF_HSTL_18 I/O standard and series termination as a
transmit source. When the FPGA is used as a receiver of SubLVDS, LVDS_25 or
DIFF_HSTL_II_18 can be used as a receiver with a 100Q2 parallel termination on the board.
Xilinx strongly recommends that users perform their own system validation to close timing for
their applications.
References This application note uses the following references:
1. |EEE Std. 1596.3-1996 - IEEE Standard for Low-Voltage Differential Signals (LVDS) for
Scalable Coherent Interface (SCI), IEEE Standard
http://standards.ieee.org/findstds/standard/1596.3-1996.html
Revision The following table shows the revision history for this document.
History
Date Version Description of Revisions
01/31/2013 1.0 Initial Xilinx release.
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
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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.htmi#critapps.

Automotive XILINX PRODUCTS ARE NOT DESIGNED OR INTENDED TO BE FAIL-SAFE, OR FOR USE
Applications IN ANY APPLICATION REQUIRING FAIL-SAFE PERFORMANCE, SUCH AS APPLICATIONS
Disclai RELATED TO: (I) THE DEPLOYMENT OF AIRBAGS, (Il) CONTROL OF A VEHICLE, UNLESS

ISclaimer 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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