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Abstract
Field Programmable Gate Array (FPGA), combined with ARM (Advanced
RISC Machines) is increasingly employed in the portable data acquisition (DAQ)
system for nuclear experiments to reduce the system volume and achieve power-
ful and multifunctional capacity. High-speed data transmission between FPGA
and ARM is one of the most challenging issues for system implementation. In
this paper, we propose a method to realize the high-speed data transmission
by using the FPGA to acquire massive data from FEE (Front-end electronics)
and send it to the ARM whilst the ARM to transmit the data to the remote
computer through the TCP/IP protocol for later process. This paper mainly
introduces the interface design of the high-speed transmission method between
the FPGA and the ARM, the transmission logic of the FPGA, and the program
design of the ARM. The theoretical research shows that the maximal transmis-
sion speed between the FPGA and the ARM through this way can reach 50
MB/s. In a realistic nuclear physics experiment, this portable DAQ system
achieved 2.2 MB/s data acquisition speed.
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Abstract: Field Programmable Gate Array (FPGA) combined with ARM (Ad-
vanced RISC Machines) is increasingly employed in portable data acquisition
(DAQ) systems for nuclear experiments to reduce system volume while achiev-
ing powerful and multifunctional capabilities. High-speed data transmission
between FPGA and ARM represents one of the most challenging issues for sys-
tem implementation. This paper proposes a method to realize high-speed data
transmission by using the FPGA to acquire massive data from front-end elec-
tronics (FEE) and send it to the ARM, whilst the ARM transmits the data to a
remote computer through the TCP/IP protocol for later processing. This work
mainly introduces the interface design of the high-speed transmission method
between FPGA and ARM, the transmission logic of the FPGA, and the program
design of the ARM. Theoretical research shows that the maximum transmission
speed between FPGA and ARM through this approach can reach 50 MB/s. In a
realistic nuclear physics experiment, this portable DAQ system achieved a data
acquisition speed of 2.2 MB/s.
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Introduction
To understand the mechanisms of nuclear reactions, multiple groups of pa-
rameters must be measured simultaneously during nuclear physics experiments
[1]. Even for small-scale experiments, several parameters need to be acquired
due to the correlations among particles produced in accelerator collisions. To
meet these requirements, a portable DAQ (PDAQ) system based on Field Pro-
grammable Gate Array (FPGA) and Advanced RISC Machines (ARM) has been
developed. In this system, the FPGA controls the front-end electronics (FEE)
and transmits data converted by ADCs to the ARM, while the ARM sends the
data to another computer for real-time storage and processing. Given that the
maximum DAQ rate of the FEE for this system is 8 MB/s, the data transmission
speed from FPGA to ARM must exceed 8 MB/s.

Many DAQ systems currently used in nuclear physics experiments are based
on the CAMAC (Computer Automated Measurement And Control) bus, which
has a maximum transmission rate of 3 MB/s [2]. However, this bus cannot
meet the speed requirements of the PDAQ system [3]. Additionally, numer-
ous DAQ systems are based on VME (VERSA-Module-Eurocard), FASTBUS,
PCI (Peripheral Component Interconnect), or PXI (PCI eXtensions for Instru-
mentation) buses [4]. Although these buses can achieve speeds that meet the
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PDAQ system requirements [5, 6], they are unsuitable for the PDAQ system
because their protocols are very complicated and the ARM’s I/O ports are not
compatible with those protocols.

Some portable devices are based on serial buses such as SPI and I2C [7]. How-
ever, due to speed limitations, these are also not suitable for this system. There-
fore, we chose the high-speed parallel communication method, not only because
of its simple protocols but also due to its advantages of low cost and high speed.
Compared to other methods, it is easier to design and can fully meet the re-
quirements of the PDAQ system.

There are two key aspects to this communication method: First, the FPGA is
designed as a memory connected to the ARM’s I/O bus; second, the FPGA
is controlled by the SROM (Static Read-Only Memory) controller (SROMC)
integrated in the ARM. This data communication mechanism can theoretically
raise the transmission rate between FPGA and ARM up to 50 MB/s, meeting
the design requirements of the PDAQ system. In a nuclear experiment, the
system was used to obtain the energy spectrum of Na22, which matched the
spectrum obtained using the PHILLIPS7164 CAMAC module.

II. PDAQ System Architecture
The system consists of DAQ modules developed completely in-house. Each DAQ
module is designed using FPGA and ARM and can operate independently or
together with other identical modules, making it very convenient to extend
ADC modules according to experimental requirements. [Figure 1: see original
paper] shows the system architecture. The DAQ module can operate in master
mode or client mode. The FPGA controls four local ADCs through ADC-BUS
and communicates with other DAQ modules through Back-BUS. Only in master
mode does the DAQ module need to transmit data to the ARM through SROM-
BUS. All data is sent to another computer for processing via Ethernet.

III. Communication Methods Between FPGA and ARM
Communication methods between FPGA and ARM include serial communica-
tion, custom parallel communication, and high-speed parallel communication
[8]. The speeds of these methods are shown in .

TABLE 1. The speeds of different communication methods [9]

Communication Method Protocol Speed
Serial communication Custom 0.4 MB/s
Custom parallel communication Custom 0.4 MB/s
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Communication Method Protocol Speed
High-speed parallel communication - 50 MB/s

Owing to protocol limitations and ARM characteristics, the serial communica-
tion method cannot meet the minimum requirements of the PDAQ system. For
the custom parallel communication method, the data and address bus must con-
sist of GPIO ports. An experiment was designed to determine the maximum
electrical level change rate of GPIO ports in the Linux operating system, which
showed that the minimum period of electrical level change is 5 µs. Thus, if the
custom data bus width is 16 bits, the transmission speed can be calculated using
the following formula:

𝑆 = 𝑊
𝑇

where 𝑊 = 16 bits and 𝑇 = 5 µs, yielding a transmission speed (𝑆) of ap-
proximately 0.4 MB/s (tested under Linux). This still cannot meet the PDAQ
system requirements.

In comparison, the ARM has a special memory bus with a very high data
exchange rate, as its clock frequency is 133 MHz and the data bus width is 16
bits. Because each memory access requires only a few cycles, the transmission
speed can reach about 50 MB/s. Overall, the high-speed transmission method
is fast and can meet the PDAQ system requirements.

Implementation of the High-Speed Parallel Communication Method

A. Logic Design The ARM (S3C6410) used in the PDAQ system includes
an SROM controller (SROMC). A 32 KB FIFO is implemented in the FPGA
and controlled by the SROMC [10]. [Figure 2: see original paper] shows the
connection between the FPGA and ARM in the PDAQ system.

The connection consists of a 16-bit data bus, a 16-bit address bus, read control
signal lines (OEN), write control signal lines (WEN), and an interrupt signal line
(IRQ). Because the control logic of the FIFO and SROMC differs, the SROMC
control signals must first be processed in the FPGA to enable correct data
read/write operations in the FIFO. The following figures illustrate the different
control logic of the FIFO and SROMC. [Figure 3: see original paper] shows a
timing block diagram of the FIFO in the FPGA, while [Figure 4: see original
paper] illustrates the timing block diagram of the SROMC in the ARM.

As shown in [Figure 3: see original paper] and [Figure 4: see original paper], the
two components operate differently regarding data input and output. While the
FIFO is controlled by read and write clocks, the SROMC is controlled through
read and write control signals. Therefore, we must convert the SROMC’s read
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and write control signals into read and write clocks for the FIFO. After study
and analysis, the following logic formulas are available for conversion:

reclk = CSN4&OEN
wrclk = CSN4&WEN

Special attention must be paid to synchronizing the “rdclk” and “wrclk” signals
with the system clock to avoid conflicts in the sequential circuit. As the FPGA
system clock frequency is 50 MHz, the cycle of the rdclk and wrclk signals must
be more than 40 ns for synchronization [11, 12]. For example, in [Figure 4: see
original paper], with the HCLK frequency at 133 MHz, we set Tacp to 0 and
Tacs, Tcos, Tcoh, and Tcah to 1, and Tacc to 3. Thus, the cycle of rdclk and
wrclk is 53 ns according to the following equation:

𝑇 = (𝑇𝑎𝑐𝑠 + 𝑇𝑐𝑜𝑠 + 𝑇𝑎𝑐𝑐 + 𝑇𝑎𝑐𝑝 + 𝑇𝑐𝑜ℎ + 𝑇𝑐𝑎ℎ) × 𝑇𝐻𝐶𝐿𝐾

Additionally, the SROMC has different control modes. In page control mode,
Tacp is used to read data circularly, while in normal mode, Tacp is inactive or
ineffective. With this configuration, we can convert the read and write signals
to read and write clocks for the FIFO.

However, because the ARM’s data bus and address bus are shared by the FIFO
and other devices, we must check the CSN signal before any read or write
operation. Otherwise, the read/write logic will produce incorrect results and
the entire system will crash. [Figure 5: see original paper] shows an rdclk signal
obtained from the FPGA using this logic.

B. Design of the Driver for the ARM [Figure 6: see original paper] shows
the driver and application architecture.

In nuclear physics experiments, event signals are generated randomly and unpre-
dictably, making it impossible for the PDAQ system to determine when to read
data. To solve this problem, an interrupt mechanism is implemented to achieve
efficient operation [13, 14]. The FPGA is configured to notify the ARM to read
data when the cumulative number of events (Multi-Event mode) reaches a pre-
set value. This method reduces the ARM’s processing burden, and the driver is
designed to process the interrupt signal and notify applications to handle it.

The interrupt processor module responds to hardware interrupts [15]. When
the number of data reaches the preset value, the FPGA transmits an interrupt
message to the ARM, which then reads the data and writes it into a buffer.
Furthermore, to decrease the event loss rate and dead time (the time during
which a second pulse is not detected), we apply ping-pong buffer technology
in the driver [16]. While the application program (APP) reads data from one
of the two buffers, the interrupt service routine can simultaneously respond to
hardware interrupts and write data into the other buffer.
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Additionally, the ARM application is based on multi-threading, allowing signals
and data to be processed in different threads. The signal processing thread
handles data reading requirements from the driver and writes data into the
APP buffer, while the data processing thread analyzes the data obtained by the
signal processing thread. Similarly, ping-pong buffer technology is also applied
in the APP, reducing dead time risk and increasing data throughput.

V. Experiments and Results
The PDAQ system implementing the high-speed data transmission method has
been tested in two experiments.

First, in the laboratory, a P1010 NIM module used to generate pulses and
gates produced two signal types: pulse signals and gate signals. Pulse signals
were sent directly to the PDAQ system, while gate signals were first processed
by a GG8000 NIM module before transmission. Experimental results showed
a maximum data transmission rate of approximately 2 MB/s with an event
generation frequency of 250 kHz.

In the second experiment, the PDAQ system was used to process the energy
spectrum of a Na22 radioactive source using a LaBr3 detector. The energy sig-
nal was converted to pulse and gate signals after amplification by the detector’s
photomultiplier. Experimental results illustrated in [Figure 7: see original pa-
per] showed that the energy spectrum acquired using this PDAQ system matches
that obtained through PHILLIPS7164.

VI. Conclusion
The high-speed transmission method successfully solved the problem of massive
data transmission between FPGA and ARM in the PDAQ system. The first
experimental results demonstrated a maximum data transmission rate of 2 MB/s
with an event generation rate of 250 kHz. The second energy spectrum test
confirmed that this method meets the PDAQ system requirements. However,
due to minor flaws in other system components, the entire system cannot yet
run at the full 8 MB/s speed. Once all system parts are optimized, the system
will be capable of running at full speed.
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