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ABSTRACT
This document was translated from a simplified Chinese source. (ZHCAFMTY)

In multi-core processor systems, the timeliness and accuracy of data transfers between cores are critical for
realizing real-time control systems. In the 2838xD device, the absence of shared RAM space between CPU2
and CPU1.CLA1 poses a challenge for achieving fast data interaction between them. This paper analyzes

the limitations of conventional IPC-based data transfer methods and, by leveraging the existing peripheral
resources of the 28388D, proposes an "IO trigger + DMA transfer" approach to enable real-time, high-speed
data interaction between CPU2 and CPU1.CLA1. Furthermore, this method is also applicable to processors with
architectures similar to the 2838xD, such as the F28P65, facilitating fast inter-core data interaction in multi-core
processors.
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1 Introduction and Functional Block Diagram of TMS320F2838xD

The TMS320F2838xD is a high-performance C2000 product featuring a multi-core architecture. It integrates two
200MHz C28 cores, two 200MHz CLA cores, and an ARM core, enabling multi-axis motor control with EtherCAT
support.

In a dual-axis servo control system, one typical application scenario assigns CPU1 for EtherCAT control, while
CPU1.CLA and CPU2 handle motor control for separate axes. Since encoder decoding requires the CLB and
SPI modules, CPU2 is responsible for receiving encoder signals from both axes. After CPU2 receives the
encoder data, it must rapidly transmit the data to CPU1.CLA to ensure precise real-time motor control.

Figure 1-1 shows the functional block diagram of the TMS320F28388D. Shared Message RAM exists between
CPU2 and CPU1, allowing fast data interaction via IPC-triggered synchronization commands. However, there is
no shared RAM space between CPU1.CLA1 and CPU2. As a result, CPU1.CLA1 and CPU2 cannot access the
same memory space via their respective data buses, making rapid data interaction between CPU1.CLA1 and
CPU2 difficult to achieve.

Figure 1-1. TMS320F28388D Functional Block Diagram — No Shared RAM Between CPU1.CLA1 and
CPU2
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2 Limitations of Data Transfer Between CPU2 and CPU1.CLA1 via the IPC Module

Since there is no shared RAM space between CPU2 and CPU1.CLA1, the conventional approach to enable data
interaction between them is through the IPC module.

First, CPU2 can transfer data to MSGRAMx/GSx RAM via the IPC module (CPU1-CPU2 IPC). Then, CPU1
can use CPU1.DMA module to move the data from MSGRAMx/GSx RAM to the DMA-CLA1 MSGRAM. Finally,
CPU1.CLA1 accesses the DMA-CLA1 MSGRAM to read the data and perform subsequent processing in CLA1.

Figure 2-1. Data Flow: IPC-Based Data Interaction Between CPU2 and CPU1.CLA1

Figure 2-2 illustrates the specific procedure for data transfer between CPU2 and CPU1.CLA1 using the IPC
module:

1. CPU2 first writes the data to be transferred to CLA1 into the MSG RAMx/GSx RAM.

2. CPU2 writes a 1 to the C2TOC1IPCSET register, setting the C2TOC1IPCFLG bit to 1. Since the
C2TOC1IPCFLG register in CPU2 and the C2TOC1IPCSTS register in CPU1 map to the same physical
address, the C2TOC1IPCSTS bit in CPU1 is also set to 1. This simultaneously triggers an IPC interrupt to
CPU1, notifying CPU1 that the data is ready and that it can proceed to the next step.

3. CPU1 detects that the C2TOC1IPCSTS bit is set to 1.

4. CPU1 begins reading data from MSG RAMx/GSx RAM and simultaneously initiates a DMA task. Through
CPU1's DMA function, the data is transferred from MSG RAMx/GSx RAM to the DMA-CLA1 MSGRAM.

5. CPU1 sets the C2TOC1IPCACK register to 1 to acknowledge receipt of the data. It then clears the flag bits
in both C2TOC1IPCFLG and C2TOC1IPCSTS, completing the data transfer procedure.
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Figure 2-2. IPC-Based Data Interaction Between CPU2 and CPU1.CLA1

Based on the above analysis, since data interaction between CPU2 and CPU1 is implemented via the IPC
module, CPU1 is required to perform steps 3 through 5 during the process, which adds significant overhead to
CPU1. Therefore, when CPU1 is handling time-sensitive tasks or operating under heavy load, the IPC-based
approach for data transfer between CPU2 and CPU1.CLA1 exhibits certain limitations.

As shown in Figure 2-3, the time required for CPU1 to complete steps 3 through 5 results in an overhead of
approximately 2.93ps.
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Figure 2-3. CPU1 Overhead Using the IPC Method
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3 Principle of Data Transfer Between CPU2 and CPU1.CLA1 Using "lO Trigger + DMA
Transfer"

To achieve faster data interaction, a method utilizing "IO trigger + DMA transfer" is proposed for data exchange
between CPU2 and CPU1.CLA1. This approach enables data exchange between CPU2 and CPU1.CLA1 via
IO-triggered DMA transfer, without imposing any overhead on CPU1.

Figure 3-1. Data Interaction Between CPU2 and CPU1.CLA1 via "1O Trigger + DMA Transfer"

First, CPU2 writes the data to be transferred into GSx RAM. After each data write is completed, CPU2 toggles
a GPIO pin. This GPIO toggle serves as the trigger source for CPU1.DMA, initiating the DMA transfer task

of CPU1.DMA. Through CPU1.DMA, the data in GSx RAM is transferred to the DMA-CLA MSGRAM. Finally,
CPU1.CLA1 reads the data from the DMA-CLA MSGRAM and performs subsequent processing in CLA1.
Compared with the IPC-based approach, this method reduces CPU1's involvement and achieves faster data
transfer.

Figure 3-2 illustrates the flowchart of the "IO trigger + DMA transfer" method, with the specific steps as follows:

1. CPU2 first writes the data to be transferred to CLA1 into MSG RAMx or GSx RAM.

2. After the data write is completed, CPU2 toggles an 10 pin to serve as the trigger source for CPU1.DMA.

3. Upon being triggered, CPU1.DMA transfers the data from MSG RAMx/GSx RAM to the DMA-CLA1
MSGRAM

4. CPU1.CLA1 can directly read the data from the DMA-CLA1 MSGRAM and perform subsequent

computations.
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Figure 3-2. Data Interaction Between CPU2 and CPU1.CLA1 via "1O Trigger + DMA Transfer"

4 Verification of the "0 Trigger + DMA Transfer" Method

To better demonstrate the implementation of the proposed scheme, the following experiment was designed to
validate the data transfer between CPU2 and CPU1.CLA1 using the "IO trigger + DMA transfer" method. The
timing diagram of this demonstration is shown in Figure 4-1. To provide clearer insight into each stage of the
data transfer process, an additional GPIO3 signal is introduced to indicate the start and end of each phase.

Figure 4-1. Timing Diagram of 10 Trigger + DMA Transfer
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4.1 Timing Description and Code Implementation

1. At time t0, the rising edge of EPWM1A triggers an interrupt service routine for the write task, which writes
data into GSORAM. At the end of this write task, the GPIO1 pin is toggled.

2. Attime t1, the toggle of GPIO1 generates an external interrupt, which serves as the trigger source for the
DMA transfer.

3. Attime t2, the falling edge of EPWM3A triggers the CLA task. CPU1.CLA1 then reads the data, and the read
operation concludes at time t3.
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4.2 Experimental Setup

Based on the aforementioned experimental design, verification was performed using Tl's development boards:
TMDSCNCD28388D and TMDSHSECDOCK.

Test Equipment:

1. TMDSCNCD28388D — F28388D evaluation module for C2000™ MCU control CARD™
2. TMDSHSECDOCK — HSEC180 control CARD baseboard docking station
Connections:

1. PIN49-EPWM1A
2. PIN51-GPIO1
3. PIN50-EPWMB3A
4. PIN55-GPIO3

Figure 4-2. Experimental Environment: TMDSCNCD28388D + TMDSHSECDOCK
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4.3 Timing Waveform Verification
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Figure 4-3. 10 Trigger + DMA Transfer — Experimental Waveforms

Figure 4-4. 10 Trigger + DMA Transfer — Experimental Timing

Figure 4-4 illustrates the timing verification waveforms for data transfer between CPU2 and CPU1.CLA1 using
the "10 trigger + DMA transfer" method. From the completion of data writing (time t1) to the end of the DMA
transfer (time t2), the duration is approximately 600ns. Compared with the IPC approach, this method achieves
the system's fast data transfer requirements without increasing CPU1 overhead.
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5 Summary

To address the requirement for fast data interaction between CPU2 and CLA1 in the 28388D device, this work
proposes an innovative method that leverages existing on-chip peripherals by utilizing GP1O-triggered DMA
interrupts. This approach effectively resolves the difficulties and latency issues associated with data exchange
between CPU2 and CPU1.CLA1. By employing available resources, the method fulfills customer requirements.
The proposed concept is not only applicable to the 28388D/28385D but can also be extended to solve inter-core
data interaction challenges in other multi-core MCUs with similar architectures.
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