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V850E2/MN4 
DMA Control  

Introduction 
This application note explains how to set up the DMA (Direct Memory Access) and also gives an outline of the 
operation and describes the procedures for using a sample program. The sample program supports DMA transfer 
between locations in internal memory and between the internal memory and the internal peripheral I/O. 
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V850E2/MN4 Microcontrollers 
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1. Overview 
This sample program illustrates the usage examples of the DMAC (Direct Memory Access Controller) and DTFR 
(DMA Trigger Factor Register). 

The parameters required for the transfer of data are stored in the DMAC, which transfers data in response to DMA 
transfer requests. As an example of software DMA transfer requests, the main points in the operation of the software to 
transfer data between locations in internal memory are illustrated below. 

See section 4.1 “Flow Charts” for the details of the individual operations. 
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Figure 1.1 Example of Software DMA Transfer Request 
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The DTFR (DMA Trigger Factor Register) is used to select the interrupt signal which becomes the trigger for DMA 
from among all interrupt signals. Requests from the DTFR for the DMA transfer of data are handled by the DMAC. 
Specifically, the signal to be used as a DMA transfer request is selected from among the 128 input interrupt signals by 
the setting in DTFRn (n = 15 to 0). As an example of a hardware DMA transfer request, the main points in transferring 
data with a timer interrupt as the trigger are illustrated below. The data from internal RAM are output via port P0. 

See section 4.1 “Flow Charts” for the details of the individual operations. 
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Figure 1.2 Example of Hardware DMA Transfer Request 
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1.1 Initialization 
The general registers and functional pins are initialized. 

<Port setup> 

• Port n function control expansion registers (PFCEn) 
• Port n function control registers (PFCn) 
• Port n mode control registers (PMCn) 
• Port n mode register (PMn) 
 

 

1.2 DMAC Setup 
The parameters required for the transfer of data are set in the DMAC. See section 4.2 for details. 

• A transfer source address, a transfer destination address, and a transfer data size 
• Chip select signals for a transfer source and a transfer destination 
• A next transfer source address, a next transfer destination address, and a next transfer data size (as necessary) 
 

1.3 DTFR Setup 
The interrupt signal which will act as the DMA transfer factor is set. 

 

1.4 DMAC Start 
DMA transfer is enabled and the software request bit is set at the same time to start the DMAC transferring data in 
response to a software transfer request. 

DMA transfer is enabled to start the DMAC transferring data in response to hardware transfer requests. Actual data 
transfer only starts when a request for transfer from the DTFR is triggered by an interrupt signal. 

 

1.5 Wait for End of Transfer and End of Transfer 
A transfer end interrupt generated after the DMA transfer indicates the end of transfer. Clearing the DMA transfer end 
status bit completes DMA transfer. The next address setting function can be used to automatically set the parameters for 
the next transfer. 



V850E2/MN4 DMA Control 

R01AN0925EJ0100  Rev.1.00  Page 5 of 31 
Jan 30, 2012  

2. Usage Environment 
This section explains the circuit diagram and development environment to run this sample program. 

 

2.1 Circuit Diagram 
See “V850E2/MN4 Target Board User Manual: QB-V850E2MN4DUAL-TB (R20UT0683XJ)” for the details of the 
circuit diagram. 

During data transfer between the internal memory and the internal peripheral I/O, the P0 port is set as the destination for 
transfer and acts as the output for the data. 

The LEDs are connected to port 13. The P13_7 pin is used for LED1. The P13_6 pin is used for LED2. 

  

2.2 Development Environment 
It is necessary to install the tools that are listed below to run the sample program. 

 

• CubeSuite+ 
The integrated development environment CubeSuite+ from Renesas Electronics provides various software development 
tools that are necessary for the user to develop applications. The user can use these tools seamlessly and easily in 
various development stages including coding, assembly, compilation, debugging using an emulator or simulator, and 
flash programming. 

 

• MINICUBE 
MINICUBE is a general-purpose in-circuit emulator from Renesas Electronics which adopts the JTAG interface system. 
It allows the user to debug an onboard real processor and provides highly transparent and stable emulation 
functionalities. An adapter is required to connect a TB board to MINICUBE. 

 

• Multi 
Green Hills software, Inc. integrated development tool suit. 

 

• IAR Embedded Workbench 
IAR Systems integrated development tool suit. 
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3. Software 
This section describes the organization of the compressed files to be downloaded. 

 

3.1 File Organization 
The compressed files to be downloaded consist of the files that are listed below. 

 

File Name 
(Tool Structure) 

Description Common 
Source File

CubeSuite+ 
File 

Multi File 

crtE.s  ●  
startup.s 

Hardware initialization processing 
  ● 

V850E2MN4.dir  ●  
V850E2_MN4 DMA.ld 

Link directive file 
  ● 

vector.s Vector table   ● 
dma.h Variable and function declarations ●   
main.c Main processing ●   
initial.c Software initialization processing ●   
dma_control.c DMA control ●   
taua0_control.c Timer control as DMA start trigger ●   
interrupt.c Interrupt processing ●   
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4. Sample Application 
This section explains how to set up the DMAC and the DTFR. 

 

4.1 Flow Charts 
The flow charts of this sample program are given below. 

 

4.1.1 Main Processing 
The main processing transfers data between locations in internal memory and between the internal RAM and internal 
peripheral I/O, after which processing ends. 

See sections 4.1.2 and 4.1.3 for the details of the individual transfer processing. 

 

Start

End of processing
Infinite loop

Transfer data between 
locations in internal memory

Transfer data between internal 
RAM and internal peripheral I/O

 

Figure 4.1 Main Processing Flowchart 
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4.1.2 Inter-Memory Transfer Processing 
This inter-memory transfer processing transfers data of specified size from the specified transfer source address to the 
transfer destination address. In this example, DMA transfer is started by the software. 
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Figure 4.2 Inter–Memory Transfer Processing 
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4.1.3 Memory-to-Peripheral I/O Transfer Processing Flow 
This memory-to-peripheral I/O transfer processing transfers data from the transfer source address to peripheral I/O. In 
this example, DMA transfer is started by a timer interrupt. 
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Figure 4.3 Memory–to–Peripheral I/O Transfer Processing Flow 
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4.1.4 Interrupt Processing 
The V850E2/MN4 is able to generate an interrupt when DMA transfer ends or the transfer count matches. 

In the case of data transfer between locations in internal RAM, an interrupt signal (INTDMACT0) is generated when 
the amount of data transferred corresponds to the transfer count setting in the transfer number compare register (DTCC). 
LED1 is then turned on by the transfer number match interrupt function, int_dmact0. 

In the case of data transfer between the internal RAM and the internal peripheral I/O, a transfer completion interrupt 
signal (INTDMA1) is generated when DMA transfer has been executed the number of times specified by the transfer 
count register (DTC). The transfer end interrupt function, int_dma1, clears the transfer end flag and then turns LED2 on. 

 

Data transfer between internal RAM
and internal peripheral I/O

Data transfer between locations
in internal memory

Transfer end interrupt
int_dma1

Transfer count math interrupt
int_dmact0

Clear transfer end flag Trun on LED1

Turn on LED2 End of processing

End of processing
 

Figure 4.4 Interrupt Processing 
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4.2 Register Setup 
This section explains how to set up the relevant registers according to the flow charts shown in section 4.1. The 
registers described below must be configured to control the DMAC. 

 

4.2.1 Port Setup 
In this sample program, during data transfer between the internal memory and the internal peripheral I/O, the P0 port is 
set as the destination for transfer and acts as the output for the data. The LEDs are connected to port 13. The pertinent 
control registers must be set up as summarized in the table below. The P13_7 pin is used for LED1. The P13_6 pin is 
used for LED2. 

Macro Pin PMC PFCE PFC PM Corresponding function 
P0_0 to 15 0 0 0 0 Port mode, output 
P13_6 0 0 0 0 Port mode, output 

PORT 

P13_7 0 0 0 0 Port mode, output 
 

Setting example: 

   /* P0: io,output */ 
    PFCE0  = 0x0000; 
    PFC0   = 0x0000; 
    PMC0   = 0x0000; 
    PM0    = 0x0000; 
 
    /* P13_6,7: LEDs,io,OUTPUT */ 
    PFCE13 = 0x0000; 
    PFC13  = 0x0000; 
    PMC13  = 0x0000; 
    PM13   = 0x0000; 
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4.2.2 DMA Transfer Status Register (DTSn) 
The DTSn register has the DMA transfer end status, the DMA transfer status, the DMA transfer error flag, and the 
hardware DMA transfer request flag. This register enables or disables DMA transfer by using the DTE bit. This register 
starts and stops software DMA transfer by using the SR bit. 

 

 

Figure 4.5   DTSn Register Format (1/2) 
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Figure 4.6   DTSn Register Format (2/2) 
 

Setting examples 

DTS0DTE = 0x0;  /* prohibit DMA trasnfer */ 
DTS0DTE = 0x1;  /* permit DMA transfer */ 
DTS0SR = 0x1;   /* transfer start */ 
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4.2.3 DMA Source Address Registers (DSAnL and DSAnH) 
These registers set a DMA transfer source address. 

 

 

Figure 4.7   DSAnL Register Format  
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Figure 4.8  DSAnH Register Format 
 

Setting example 

DSA0    = 0x1EDFA000;   /* set transfer source address */ 
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4.2.4 DMA Destination Address Register (DDAnL DDAnH) 
These registers set a DMA transfer destination address. 

 

 

Figure 4.9   DDAnL Register Format 
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Figure 4.10   DDAnH Register Format 
 

Setting example 

DDA0    = 0x1EDFB000;   /* set transfer destination address */ 
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4.2.5 DMA Source Chip Select Register (DSCn) 
This register specifies an area to be selected as a transfer source of channel n. 

 

 

Figure 4.11  DSCn Register Format 
 

Setting example 

DSC0    = 0x0002;       /* set DMA source is inner RAM */ 
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4.2.6 DMA Destination Chip Select register (DDCn) 
This register specifies an area to be selected as a transfer destination of channel n. 

 

 

Figure 4.12   DDCn Register Format 
 

Setting examples 

DDC0    = 0x0002;       /* set DMA destination is inner RAM */ 
DDC1    = 0x0001;       /* set DMA destination is IO */ 

 



V850E2/MN4 DMA Control 

R01AN0925EJ0100  Rev.1.00  Page 20 of 31 
Jan 30, 2012  

4.2.7 DMA Transfer Count Register (DTCn) 
This register specifies the number of times of DMA transfers (DMA transfer count). When this register is referenced 
during DMA transfer, the remaining number of times of DMA transfer to be executed can be read. 

 

 

Figure 4.13   DTCn Register Format 
 

Setting examples 

DTC0    = 0x0004;       /* set times of DMA transfer */ 
DTC1    = 0x0001;       /* set times of DMA transfer */ 
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4.2.8 DMA Transfer Control Register (DTCTn) 
This register specifies parameters, such as DMA transfer data size. 

 

 

Figure 4.14  DTCTn Register Format (1/2) 
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Figure 4.15   DTCTn Register Format (2/2) 
 

Setting examples 

DTCT0   = 0x1000;       /* 8bit data size;donot clear DTE; 
                           increment at tranfer source; 
                           increment at tranfer destination; 
                           output at read cycle */ 
DTCT1   = 0x3000;       /* 16bit data size;donot clear DTE; 
                           increment at tranfer source; 
                           increment at tranfer destination; 
                           output at read cycle */ 
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4.2.9 DMA Transfer Request Select Register (DTRSn) 
This register specifies assignment of a DMA transfer request. A software DMA transfer request or a hardware DMA 
transfer request can be selected as a DMA transfer request. 

 

 

Figure 4.16  DTRSn Register Format 
 

Setting examples 

DTRS0 = 0x0000;  /* software transfer request */ 
DTRS1 = 0x0001;  /* hardware transfer request */ 
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4.2.10 DTFR Control Register (DTFRn) 
This register enables or disables the operation of the DMA source selector of channel n and selects the transfer source. 

 

 

Figure 4.17  DTFRn Register Format 
 

Setting example 

DTFR0 = 0x0000;  /* software transfer request */ 
DTFR1 = 0x8020;  /* set hardware transfer request of dmac1 is taua0i0*/ 



V850E2/MN4 DMA Control 

R01AN0925EJ0100  Rev.1.00  Page 25 of 31 
Jan 30, 2012  

Table 4.1  DMA Start Sources (1/2) 
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Table 4.2   DMA Start Sources (2/2) 
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4.3 Function Specifications  
This section describes the specifications for the functions that are used by the sample program. 

 

4.3.1 Main Processing (main.c) 

[Function Name] main () 
[Function]  Calls necessary initialization functions before entering an infinite loop. 
[Arguments]  None 
[Return Value]  None 
[Startup Method] Enters the main function after hardware initialization. 
[SFRs Used]  DTS0SR, TAUA0TS 
[Calling Function] None 
[Variables]  None 
[File name]  main.c 
[Notes]   None 

 

4.3.2 Software Initialization Processing (initial.c) 

[Function Name] port_initial() 
[Function]  Sets up ports and their mode. 
[Arguments]  None 
[Return Value]  None 
[Startup Method] Call 
[SFRs Used]  PFCE0, PFC0, PMC0, PM0, PFCE13, PFC13, PMC13, PM13 
[Calling Function] main() 
[Variables]  None 
[File Name]  initial.c 
[Notes]   None 

 

[Function Name] cg_initial() 
[Function]  Initializes the special clock frequency control register. 
[Arguments]  None 
[Return Value]  None 
[Startup Method] Call 
[SFRs Used]  SFRCTL3 
[Calling Function] main() 
[Variables]  None 
[File Name]  initial.c 
[Notes]   None 
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[Function Name] hbus_initial() 
[Function]  Initializes the AHB bus. 
[Arguments]  None 
[Return Value]  None 
[Startup Method] Call 
[SFRs Used]  ETARCFG0, ETARADRS0, ETARMASK0 
[Calling Function] main() 
[Variables]  None 
[File Name]  initial.c 
[Notes]   None 

 

[Function Name] board_initial() 
[Function]  Sets up the initial state of the LEDs. 
[Arguments]  None 
[Return Value]  None 
[Startup Method] Call 
[SFRs Used]  P13 
[Calling Function] main() 
[Variables]  None 
[File Name]  initial.c 
[Notes]   None 

 

[Function Name] ram_initial() 
[Function]  Sets up the initial state of the internal RAM. 
[Arguments]  None 
[Return Value]  None 
[Startup Method] Call 
[SFRs Used]  None 
[Calling Function] main() 
[Variables]  DMA_source, DMA_IO 
[File Name]  initial.c 
[Notes]   None 

 

4.3.3 DMA Control Processing (dma_control.c) 

[Function Name] dma0_initial() 
[Function]  Sets up the operation of the DMA. 
[Arguments]  None 
[Return Value]  None 
[Startup Method] Call 
[SFRs Used]  ICDMA0, ICDMACT0, DTS0, DSA0, DDA0, DSC0, DDC0, DTC0, DTCC0, DTCT0, 
   DTRS0 
[Calling Function] main() 
[Variables]  None 
[File Name]  dma_control.c 
[Notes]   None 
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[Function Name] dma1_initial() 
[Function]  Sets up the operation of the ADC. 
[Arguments]  None 
[Return Value]  None 
[Startup Method] Call 
[SFRs Used]  ICDMA1, ICDMACT1, DTS1, DSA1, DDA1, DSC1, DDC1, DTC1, DTCT1,  
   DTRS1, DTFR1 
[Calling Function] main() 
[Variables]  None 
[File Name]  dma_control.c 
[Notes]   None 

 

4.3.4 Interrupt Processing (interrupt.c) 

[Function Name] int_dma1() 
[Function]  Processes DMA transfer end interrupt. 
[Arguments]  None 
[Return Value]  None 
[Startup Method] Request INTDMA1 is present in an unmasked state. 
[SFRs Used]  DTS1TC, P13 
[Calling Function] None 
[Variables]  None 
[File Name]  interrupt.c 
[Notes]   None 

 

[Function Name] int_dmact0() 
[Function]  Processes DMA transfer count match interrupt. 
[Arguments]  None 
[Return Value]  None 
[Startup Method] Request INTDMACT0 is present in an unmasked state. 
[SFRs Used]  P13 
[Calling Function] None 
[Variables]  None 
[File Name]  interrupt.c 
[Notes]   None 
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4.3.5 Timer Control Processing (taua0_control.c) 

[Function Name] taua0_initial() 
[Function]  Sets up the inverter function so that INTTAUAOIO becomes the trigger for DMA1. 
[Arguments]  None 
[Return Value]  None 
[Startup Method] Call 
[SFRs Used]  TAUA0TPS, TAUA0BRS, TAUA0CMOR0, TAUA0CMUR0, TAUA0CDR0,  
   TAUA0TOE, TAUA0TOM, TAUA0TOC, TAUA0TOL, TAUA0TDE, TAUA0TDM,  
   TAUA0TDL, TAUA0TRE, TAUA0TRO, TAUA0TRC, TAUA0TME, TAUA0RDE,  
   TAUA0RDS, TAUA0RDM, TAUA0RDC 

[Calling Function] main() 
[Variables]  None 
[File Name]  taua0_control.c 
[Notes]   None 
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Website and Support 
Renesas Electronics Website 

http://www.renesas.com/ 
 
Inquiries 

http://www.renesas.com/inquiry 
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General Precautions in the Handling of MPU/MCU Products 
The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes on the 
products covered by this manual, refer to the relevant sections of the manual. If the descriptions under General 
Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each other, the 
description in the body of the manual takes precedence. 

1. Handling of Unused Pins 
Handle unused pins in accord with the directions given under Handling of Unused Pins in the manual. 
⎯ The input pins of CMOS products are generally in the high-impedance state. In operation with an 

unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an 
associated shoot-through current flows internally, and malfunctions occur due to the false 
recognition of the pin state as an input signal become possible. Unused pins should be handled as 
described under Handling of Unused Pins in the manual. 

2. Processing at Power-on 
The state of the product is undefined at the moment when power is supplied. 
⎯ The states of internal circuits in the LSI are indeterminate and the states of register settings and 

pins are undefined at the moment when power is supplied. 
In a finished product where the reset signal is applied to the external reset pin, the states of pins 
are not guaranteed from the moment when power is supplied until the reset process is completed. 
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function 
are not guaranteed from the moment when power is supplied until the power reaches the level at 
which resetting has been specified. 

3. Prohibition of Access to Reserved Addresses 
Access to reserved addresses is prohibited. 
⎯ The reserved addresses are provided for the possible future expansion of functions. Do not access 

these addresses; the correct operation of LSI is not guaranteed if they are accessed. 
4. Clock Signals 

After applying a reset, only release the reset line after the operating clock signal has become stable. 
When switching the clock signal during program execution, wait until the target clock signal has 
stabilized. 
⎯ When the clock signal is generated with an external resonator (or from an external oscillator) 

during a reset, ensure that the reset line is only released after full stabilization of the clock signal. 
Moreover, when switching to a clock signal produced with an external resonator (or by an external 
oscillator) while program execution is in progress, wait until the target clock signal is stable. 

5. Differences between Products 
Before changing from one product to another, i.e. to one with a different type number, confirm that the 
change will not lead to problems. 
⎯ The characteristics of MPU/MCU in the same group but having different type numbers may differ 

because of the differences in internal memory capacity and layout pattern. When changing to 
products of different type numbers, implement a system-evaluation test for each of the products. 
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 implantations, or healthcare intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

8. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage 

range, movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the 

use of Renesas Electronics products beyond such specified ranges.

9. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and 

malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design.  Please be sure to implement safety measures to guard them against the 

possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety design for hardware and software including but not limited to 

redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures.  Because the evaluation of microcomputer software alone is very difficult, 

please evaluate the safety of the final products or system manufactured by you.

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product.  Please use Renesas Electronics 

products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive.  Renesas Electronics assumes 

no liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.

11. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.

(Note 1)  "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note 2)  "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.

http://www.renesas.com
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