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Abstract (solutions to everyday digital design problems): Closing timing constraints becomes increasingly challenging as FPGA solutions grow in area
utilization. This work presents a frame-rate enhancement development using FPGA frame buffering for SIRIUS Mobipix 15D [1], a Medipix3RX-based [2]
area detector, thereby increasing the maximum effective X-ray acquisition rate from 200 fps to 1200 fps. The full implementation required >95% Block
RAM utilization of the Xilinx Kintex7 FPGA, which needed combined strategies for reaching timing closure.

Introduction

The Block RAMs are inferred as (N + 1) frame buffers per Medipix3RX ASIC, each with 65,536
addresses for storing 12-bit pixel data. Read and write operations to these structures are

Mobipix 15D is a standalone X-ray area detector developed at LNLS and
currently used for scientific data acquisition at SIRIUS beamlines. It
features an array of Medipix3RX ASICs that forms a 512 x 512 photon-
counting pixel matrix. Although the detector is specified to operate at up to
2000 fps by using 2x MIPI CSI-2 interfaces (12 Gbps maximum throughput
vs. 6.3 Gbps required), frame losses occur at higher frame rates, limiting
the current operation to about 200 fps.

managed by a core named Frame Buffer Manager (VHDL), which operates as a ring buffer with
an extra slot to prevent data overwrite.

Frames are stored one by one..
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Figure 1 - Mobipix 15D hardware architecture (left) and picture (right)
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Figure 4 - Example of six-frame (N = 6) buffering and transmission

This approach led to high Block RAM utilization, spreading the design across a large area and
introducing timing closure challenges. To address this issue, a combination of actions was
adopted, with a significant overall impact:

 Implementation directives in Vivado: ExtraTimingOpt for placement, AggressiveExplore for
optimization and NoTimingRelaxation for routing;

 Looping post-placement optimization [3, 4]: in some cases, it proved to be powerful and

even essential, especially in early development stages;

« Pipelining: breaking down large combinational operations into multiple registered stages
and inserting additional register stages in high-fanout signals.

Problem characterization and solution proposition

An extensive investigation showed that frame losses occur at the V4L2
driver level, caused by the CPU being unable to handle incoming frames at
higher frame rates. Therefore, an FPGA-based solution was proposed:
transmitting multiple frames grouped into composite images, maintaining
the maximum V4L2 frame rate while increasing the effective X-ray
acquisition rate at the Medipix3RX level. The approach was first validated
by emulating larger frames and transmitting them to the Jetson TXI1,
demonstrating the effectiveness of the proposed solution.
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Figure 2 - Concept of FPGA proposed solution
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Figure 3 - Frame drop versus image size (Nx the original frame size)

Design and Implementation

After validating the concept, a nhew gateware design was required. An
initial attempt was made to modify the image size by adjusting only the
frame-start signaling; however, this approach performed poorly at low
frame rates due to long pauses between frame transmissions. Given this, a
different strategy was adopted: frames are first stored in the FPGA block
RAMs and then streamed continuously as a single composite image.

Particularly, the most critical improvement came from the addition of register stages at the
Block RAM output paths, as these are heavily demultiplexed and lead to significant logic

delays.
Mame Slack Levels Routes High Fanout Total Delay Logic Delay MNet Delay Requirement
1 Path 201 -1.006 3 2 7 2,490 2,028 2.962 2.0
1 Path 202 -1.000 3 2 13 2,965 2,028 3.437 2.0
1L Path 203 -1.000 3 2 13 2.967 2,028 3.439 2.0
Setup Hold Pulse Width
Worst Negative Slack (WNS):  -1.006 ns Worst Hold Slack (WHS): 0.056 ns Worst Pulse Width Slack (WPWS): 0.751 ns
Total Negative Slack (TNS):  -4095.036 ns Total Hold Slack (THS): 0.000 ns Total Pulse Width Negative Slack (TPWS): 0.000 ns

Mumber of Failing Endpoints: 12987
Total Number of Endpoints: 229799

Timing constraints are not met.

Mumber of Failing Endpoints: O
229661

Mumber of Failing Endpoints: 0

Total Number of Endpoints: Total Number of Endpoints: 86466

Figure 5 - Block RAM output paths delay and timing summary report before extra registering steps

Conclusion

After several design optimization iterations and with help of these strategies combined, the
gateware successfully achieved timing closure with six-frame buffering (goal), reaching 97%
Block RAM utilization with no timing violations. The gateware has already been tested on
hardware and performs as expected. This results in a sixfold increase in the detector’s
maximum considered safe operation rate, raising it from 200 fps to 1200 fps.
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Figure 6 - FPGA area (left) and resources (right) utilization
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