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Introduction
• The Monitored Drift Tube Trigger Processors (MDTTPs) have been developed for

the upgraded Level-0 Muon Trigger in the ATLAS experiment [1]. Each of the 64 MDTTP
boards processes data from up to 23 MDT chambers

• Evaluating the trigger algorithm and its integration with real data and hardware across all
sectors for development is complex and, in practice, not feasible. In addition, a full test
is only possible after the system installation in ATLAS

• The MDTTP firmware is currently under validation using dedicated cosmic-ray test stands
• As a further testing tool, we propose a hardware emulator transmitting data of a full

ATLAS sector in High Luminosity conditions to simultaneously validate both the data
protocol and the algorithm performance

Boards
Two boards based on the Apollo platform [2] are being used for the project:

• Emulator board (left): contains an AMD KU15P FPGA, an AMD
Enclustra Mercury+ XU8 SoC, Firefly optical transceivers and
three DDR4 memories

• MDTTP board (right): contains an AMD VUP13P FPGA, an AMD
Enclustra Mercury+ XU8 SoC and Firefly optical transceivers

The Enclustra SoCs are running AlmaLinux on the Apollo and can be used
for control and monitoring of both boards.

Emulator’s Gateware
• The principle of the emulator is to store Monte-Carlo simulated data

in the DDR4 memories. Once everything is stored, read it continuously
and transfer it to the MDTTP board

• The DDR4 is controlled by the emulator board FPGA and the
algorithm is tested in the MDTTP board

• The transmission across the boards is done via optical links using Giga-
bit Transceivers

• Configurable data and transmission protocol

DDR4 Interface
• MC data stored on the Apollo SoC is transferred to the DDR4 memory,

via the KU15P, using an AXI C2C communication
• An asynchronous FIFO is placed between the transmitter and the

DDR4 module to take care of clock domain crossing
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• The DDR4 control block steered by the Apollo SoC :

Set command

Reset address
—————

int cmd en = 0

int cmd = 1
(read process)

Read data
—————

int cmd en = 1
count rd + 1

Increase address

app en = 1
app rdy = 1
count wr != count rd

Reset read

Set data
and address

int cmd = 0
(write process)

wr done = 1
(done writing)

Wait DDR
to accept data
—————

change rdy = 0

ext valid
pulse

Data written
—————

change rdy = 1
count wr + 1

app en = 1
app rdy = 1

app wr rdy = 1
app wr en = 1
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Transceiver

Data:

• In our first test, the
transmitted data emu-
lates signals internal to
the MDTTP, to validate
individual blocks of the
gateware

Transmission:

• 8b10 encoding with 16 dif-
ferent channels

• Alignment controlled by
both Apollos’ SoC

• Initially, individual align-
ment of each channel,
then multiple channel
synchronization
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Channel lock and alignment:

• Transmitter user clock is slower than DDR4 user clock, causing regular
invalid output from FIFO

• DDR4 also has invalid data periods
• Take advantage of this to send alignment and clock correction char-

acters when data is not valid to maintain lock between TX and RX
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Firmware Evaluation
• The emulator is currently used to validate the functionalities of the muon

transverse momentum estimation of the MDTTP

• Our next step is to implement the lpGBT protocol, to emulate the expected
MDT hit dataflow into the board
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