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Abstract

This document discusses BGA breakout techniques used on Xilinx® 1 mm pitch BGA devices
high-speed interfaces with a data rate of 32 Gb and above. The context includes PCB layout
decisions for BGA breakout and what compromises are needed to reduce crosstalk. Traditional
designs used a diagonal BGA breakout because it creates the most usable routing area under a
BGA device. However, with evermore faster interfaces with data rates at 32 Gb and above, we
see a reduction in the usable routing area underneath due to the large keep-out areas required
for signal fidelity. This white paper proposes a new BGA breakout style, the Diamond Jog that
produces numerous advancements over the traditional Diagonal Jog, with limited drawbacks. To
use the Diamond Jog breakout method:

e Convert horizontal solder ball alignment to vertical via alignment, freeing up routing channels

¢ Switch differential pair routing polarity by jogging to either the top or bottom via from either
solder ball

This method avoids high-crosstalk scenarios by providing additional routing flexibility for FPGA
breakouts.
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Breakout Types

The following images show the standard diagonal jog and the diamond jog breakout types. The
standard diagonal 45-degree jog is to a via with both jogs in the same direction. The diamond
type breakout has a 45-degree jog to a via with jogs in the opposite direction.

Figure 1: Standard Diagonal and Diamond Jog Breakouts

Standard Diagonal Jog Diamond Jog
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PCIe Diagonal vs. Diamond Jog Breakout

The following images show a typical PCle® BGA breakout. The TX is the red trace on layer 3, and
the RX is the blue trace on layer 5.

Figure 2: Standard Diagonal Jog Via Structure
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Note: The color highlight shows the proximity of the noise source and the noise recipient in the order of
amplitude (red, yellow, or white), with red having the worst crosstalk.

Figure 3: Diamond Jog Via Structure
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Note: The color highlight shows the reduction in proximity of the noise source and the noise recipient.

PCIe Crosstalk Simulation Results

The following images show the comparative results of diagonal jog vs. diamond jog simulations of
near-end crosstalk (NEXT) and far-end crosstalk (FEXT). A decrease (improvement) in crosstalk is
shown in all cases using the diamond job breakout.

e TX-RX NEXT (Figure 4) shows the red highlights in Figure 2.
e RX-RX FEXT (Figure 5) shows the yellow highlights in Figure 2.
e TX-TX FEXT (Figure 6) shows the white highlights in Figure 2.

Figure 4: TX-RX NEXT Crosstalk
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Figure 5: RX-RX FEXT Crosstalk
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Figure 6: TX-TX FEXT Crosstalk
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High Signal Integrity Via Structures

This section shows a snapshot of detailed simulations comparing diagonal jog and diamond jog
via structures.

The following figure shows a detailed example of a diagonal jog breakout vs a diamond jog
breakout. Differences between the breakouts were compared in two GND via proximity
environments, densely populated proximity GND vias and sparsely populated proximity GND
vias. ldeally, you would use dense proximity GND vias. However, device pin out could dictate the
use of sparse proximity GND vias.
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Figure 7: Comparison of Dense GND Via Structure vs. Sparse GND Via Structure

Dense Proximity GND Vias

Sparse Proximity GND Vias

Broadly, the simulation results show either an equivalent or a net gain in all metrics for the

X25682-100821

diamond jog breakout. Dense proximity GND vias are marginally better than the sparse proximity
GND vias. Layer 2 GND keep outs must be circular to minimize trace-to-trace crosstalk between
the signal traces on layer 1 and layer 3. In addition under this structure, the GND keep outs must

be on the lower layers a shown in the following example.

Figure 8: GND Keep Outs

Layer 2 Circular GND Keep Out

Layer 4 GND Keep Out
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As shown in the following figure, in both GND via proximity environments (dense and sparse) the
insertion losses for the diamond jog breakout and diagonal jog breakout were within a 1 dB

range.
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Figure 9: Differential, Common, and Single Ended Insertion Loss
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As shown in the following figure, in both GND via proximity environments (dense and sparse) the
return losses for the diamond jog breakout and diagonal jog breakout were within a 1 dB range.

Figure 10: Differential and Common Return Loss
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As shown in the following figure, in both GND via proximity environments (dense and sparse) the
differential time domain reflections (TDR) impedance for the diamond jog breakout and diagonal
jog breakout were within a 3Q range. A TDR measures the reflections along a conductor.
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Figure 11: Differential TDR Impedance (Z) at 32.75 Gb/s GTY, 21 ps Rise Time
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As shown in the following figure, in both GND via proximity environments (dense and sparse) the
diamond jog breakout is better than the diagonal jog breakout.

Figure 12: Common to Differential Mode Conversion
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GTY Transceiver Breakout Use Case

The following example shows a typical GTY transceiver breakout of a small form-factor plugable
(SFP) data bus on a Virtex® UltraScale+™ device (VU23P). In the image, the RX signals are routed
on layer 3 (dark pink) and the TX signals are routed on layer 5 (light pink).
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Figure 13: GTY Transceiver Breakout

I:éy_gr 3 Breakout

X25846-100821

The following image shows the opposite end of the differential pair trace terminating at an SFP
SMT connector. The ideal entry for a non-via in pad is marked by the orange arrow. The yellow
arrows show a sub-optimal entry.
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Figure 14: Differential Pair Trace Terminating at an SFP SMT Connector
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The SFP entry is compromised because there are routing loopbacks on entry, that effects the P-N
skew and influences signal fidelity. By performing P&N swaps at the FPGA end, we can reduce
the SFP entry to two loopbacks. However, it will make the proximity issue worse, and via to pad
distances will be reduced to a critical distance because the jog via is moved closer to the adjacent
GTY transceiver breakout pair. This is shown in the following image.

Figure 15: Comparing Standard with P&N Swapped Diagonal Via Breakouts

Original Diagonal Via Breakout

P&N Swapped Diagonal Via Breakout
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The following image shows the proposed new breakout. It offers maximum distance pad to via,
no cross routing at via structures, and reduces loopback occurrences to just one from four. By
mixing via structure breakouts, we can maximize the distance between via and pad and remove
all instances of trace proximity. The diamond breakout allows the P&N swap to remove loopback
at the DSFP connector end. In this image:

e Diamond jog breakout is circled in orange

e Southeast diagonal jog breakout is circled in yellow

Figure 16: Proposed Breakouts to Reduce Loopback Occurrences
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Conclusion

With comparable or improved signal fidelity, the flexibility offered by the diamond jog breakout
structure allows for significantly reduced crosstalk by having the option of moving signal vias
further away from noise producing vias. The diamond jog's ability to perform PCB level P-N
swaps enables the reduction of routing complexity, such as loopback or crossovers, as well as
provides greater area utilization of the available PCB real estate. This structure can be used for
BGA breakouts throughout a PCB design. This structure was analyzed and can be used at data
rates up to 28 Gb/s.
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