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Note: While performing burst transactions for different transfer rates, perform the write operation first, and then 
read the data.

Observe the data mismatch error signal that is generated by the AXI master logic and given to the on-
board active LOW debug LED (W34). The following figure shows the RTG4 Development Kit component 
placements on-board.

Figure 33 • RTG4 Development Kit Board

2.8 DDR3 SDRAM Bandwidth
The following table lists the total number of 16-beat bursts corresponding to the write or read size.

Use the following equation to calculate the throughput:

Bandwidth (MB/s) = (16 ÷ [Total number of AXI clocks ÷ Total number of 16-beat bursts]) × 8 × AXI Clock 
(MHz) 

Table 5 • Total Number of 16-Beat Bursts

Write or Read Size Total Number of 16-Beat Bursts
2 KB 16

4 KB 32

8 KB 64

16 KB 128

32 KB 256
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2.8.1 Simulation Results
The following table lists the write and read bandwidth of the DDR3 SDRAM simulation. Data of 
incremental size (2 KB to 32 KB) is transferred from the fabric logic AXI master to the DDR3 SDRAM and 
the DDR3 SDRAM to the fabric logic AXI master. The throughput improvement percentage is shown for 
the baseline value.

In the reference design, the DDR3 SDRAM is set to a maximum supported burst length of 8, and the AXI 
interface is set to a maximum supported burst length of 16. All read and write transactions are performed 
on the same row to avoid precharge latency and improve overall throughput.

Table 6 • DDR3 SDRAM Bandwidth - Simulation Results

Optimization 
Technique Size

Write Read
Average Write 
Throughput 

Average Read 
Throughput

No of 
Cycles

Bandwidth 
(MB/s)

No of 
Cycles

Bandwidth 
(MB/s)

Frequency of operation 2 KB 352 965 501 679 965 (Baseline) 682 (Baseline)

4 KB 704 965 997 682

8 KB 1408 966 1992 683

16 KB 2816 966 3982 683

32 KB 5632 966 7962 683

Frequency of operation

AXI master without 
write response

2 KB 295 1152 501 679 1169 
(Improvement of 
21.1%)

682 (No 
Improvement)4 KB 583 1166 997 682

8 KB 1159 1173 1992 683

16 KB 2311 1177 3982 683

32 KB 4615 1179 7962 683

Frequency of operation

AXI master without 
write response and 
DDR configuration 
tuned

2 KB 294 1156 500 680 1172 
(Improvement of 
21.5%)

685 
(Improvement of 
0.43%)4 KB 582 1168 995 686

8 KB 1158 1179 1990 686

16 KB 2310 1177 3985 685

32 KB 4614 1178 7961 686

Frequency of operation

AXI master without 
write response

DDR configuration 
tuned and read address 
queuing

2 KB 294 1161 304 1123 1175 
(Improvement of 
21.8%)

1161 
(Improvement of 
70.2%)4 KB 582 1173 592 1153

8 KB 1158 1179 1168 1169

16 KB 2310 1182 2320 1177

32 KB 4614 1178 4624 1181
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2.8.2 Board Results
The following table lists the write and read bandwidth of the DDR3 SDRAM on the RTG4 Development 
Kit board. Data of incremental size (2 KB to 32 KB) is transferred from the fabric logic AXI master to the 
DDR3 SDRAM and the DDR3 SDRAM to the fabric logic AXI master. The throughput improvement 
percentage is shown for the baseline value.

In the reference design, the DDR3 SDRAM is set to a maximum supported burst length of 8, and the AXI 
interface is set to a maximum supported burst length of 16. All read and write transactions are performed 
on the same row to avoid precharge latency and improve overall throughput.

2.9 Conclusion
This application note describes DDR3 SDRAM bandwidth optimization techniques using a reference 
design on the RTG4 Development Kit board. It also shows the DDR3 SDRAM simulation flow using the 
Micron DDR3 SDRAM model. Through optimization, 88% of the theoretical throughput value for both 
write and read is achieved.

Table 7 • DDR3 SDRAM Bandwidth - Board Results

Optimization technique Size

Write Read
Average Write 
Throughput

Average Read 
Throughput

No of 
Cycles

Bandwidth 
(MB/s)

No of 
Cycles

Bandwidth 
(MB/s)

Frequency of operation 2 KB 352 965 501 679 Avg: 965 
(Baseline)

Avg: 682 
(Baseline)4 KB 704 965 997 681

8 KB 1408 965 1992 682

16 KB 2816 965 3982 683

32 KB 5632 965 7960 683

Frequency of operation 
and AXI master without 
write response

2 KB 295 1152 501 679 Avg: 1169 
(Improvement of 
21.1%)

Avg: 682 (No 
Improvement)4 KB 583 1166 997 681

8 KB 1159 1173 1992 682

16 KB 2311 1176 3991 683

32 KB 4615 1178 7975 683

Frequency of operation 
and AXI master without 
write response and DDR 
configuration tuned

2 KB 294 1156 500 680 Avg: 1172 
(Improvement of 
0.25%)

Avg:685 
(Improvement of 
0.43%)4 KB 582 1168 996 686

8 KB 1158 1179 1990 686

16 KB 2310 1177 3985 685

32 KB 4614 1178 7959 686

Frequency of operation 
and AXI master without 
write response and DDR 
configuration tuned and 
read address queuing

2 KB 294 1161 304 1123 Avg: 1175 
(Improvement of 
0.25%)

Avg: 1161 
(Improvement of 
69.5%)4 KB 582 1173 592 1153

8 KB 1158 1179 1168 1169

16 KB 2310 1182 2320 1177

32 KB 4614 1178 4622 1183
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3 Appendix 1: Programming the Device Using 
FlashPro Express

This section describes how to program the RTG4 device with the programming job file using FlashPro 
Express.

To program the device, perform the following steps:

1. Ensure that the jumper settings on the board are the same as those listed in Table 3 of UG0617: 
RTG4 Development Kit User Guide 

2. Optionally, jumper J32 can be set to connect pins 2-3 when using an external FlashPro4, FlashPro5, 
or FlashPro6 programmer instead of the default jumper setting to use the embedded FlashPro5.

Note: The power supply switch, SW6 must be switched OFF while making the jumper connections.

3. Connect the power supply cable to the J9 connector on the board.
4. Power ON the power supply switch SW6.
5. If using the embedded FlashPro5, connect the USB cable to connector J47 and the host PC. 

Alternatively, if using an external programmer, connect the ribbon cable to the JTAG header J22 and 
connect the programmer to the host PC.

6. On the host PC, launch the FlashPro Express software.
7. Click New or select New Job Project from FlashPro Express Job from Project menu to create a 

new job project, as shown in the following figure.
Figure 34 • FlashPro Express Job Project

8. Enter the following in the New Job Project from FlashPro Express Job dialog box:
• Programming job file: Click Browse, and navigate to the location where the .job file is located and 

select the file. The default location is:
<download_folder>\rtg4_ac446_df\Programming_Job

• FlashPro Express job project location: Click Browse and navigate to the desired FlashPro 
Express project location.

https://www.microsemi.com/document-portal/doc_download/135213-ug0617-rtg4-fpga-development-kit-user-guide
https://www.microsemi.com/document-portal/doc_download/135213-ug0617-rtg4-fpga-development-kit-user-guide
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Figure 35 • New Job Project from FlashPro Express Job

9. Click OK. The required programming file is selected and ready to be programmed in the device.
10. The FlashPro Express window appears as shown in the following figure. Confirm that a programmer 

number appears in the Programmer field. If it does not, confirm the board connections and click 
Refresh/Rescan Programmers.

Figure 36 • Programming the Device

11. Click RUN. When the device is programmed successfully, a RUN PASSED status is displayed as 
shown in the following figure.
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Figure 37 • FlashPro Express—RUN PASSED

12. Close FlashPro Express or click Exit in the Project tab.



Appendix 2: Running the TCL Script

Microsemi Proprietary AC446 Revision 5.0 29

4 Appendix 2: Running the TCL Script

TCL scripts are provided in the design files folder under directory TCL_Scripts. If required, the design 
flow can be reproduced from Design Implementation till generation of job file. 

To run the TCL, follow the steps below:

1. Launch the Libero software
2. Select Project > Execute Script.... 
3. Click Browse and select script.tcl from the downloaded TCL_Scripts directory.
4. Click Run.
After successful execution of TCL script, Libero project is created within TCL_Scripts directory.

For more information about TCL scripts, refer to rtg4_ac446_df/TCL_Scripts/readme.txt. 

Refer to Libero® SoC TCL Command Reference Guide for more details on TCL commands. Contact 
Technical Support for any queries encountered when running the TCL script.

https://www.microsemi.com/document-portal/doc_download/1245481-libero-soc-v12-6-tcl-commands-reference-guide-for-smartfusion2-igloo2-and-rtg4
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5 Appendix 3: Finding Correct COM Port 
Number when using USB 3.0

FTDI USB to UART converter enumerates the four COM ports. In USB 3.0, the four available COM ports 
are in Location 0. The following figure shows the USB 3.0 serial port properties.

Figure 1 • USB 3.0 Serial Port Properties

To find the correct COM port:

1. Program the RTG4 Development Kit board with the provided programming file.
2. Select a COM port from the drop-down list, and click Start. If the wrong COM port is selected, the 

demo utility displays a read error. The following figure shows the read error message.
Figure 2 • Read Error

3. Repeat step 2 until the correct COM port is connected.


