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1. Introduction 
This application note serves as a quick introduction to the LPC1700’s memory-to-DAC 
DMA transfers functionality. It will provide a simple description on how the DMA can be 
used to generate an output onto the DAC without utilizing the CPU. 

A detailed feature description of the peripherals listed below can be found in the 
LPC1700 user manual. 

1.1 DMA 
Data transfers can require a lot of CPU time performing load and store instructions. 
When using a Direct Memory Access (DMA) controller, the CPU is freed up to execute 
other instructions. 

The DMA controller in the LPC1700 supports memory-to-memory, memory-to-peripheral, 
peripheral-to-peripheral, and peripheral-to-memory transfers. With the use of linked lists, 
it also supports scatter or gather modes. These modes enable data transfers from non-
contiguous areas of memory. Since the clock is functioning during sleep mode, it can 
also perform DMA transfers to/from AHB SRAM blocks. 

1.2 Timer 0 
The LPC1700 features four configurable 32-bit timer/counters. 

1.3 ADC 
An Analog-to-Digital Converter (ADC) captures an external voltage and represents it as a 
digital value. The LPC1700 contains an 8-channel multiplexed 12-bit successive 
approximation ADC. 

1.4 DAC 
The Digital-to-Analog Converter (DAC) creates an output voltage from a corresponding 
digital input value. The LPC1700 features a double buffered 10-bit DAC that can 
generate repetitive DMA requests using an internal countdown counter. 

2. Application demo 

2.1 Requirements 
The MCB1700 can be programmed by using: 
• Keil’s uVision4 with the ULINK JTAG module 
-OR- 
• IARs Embedded Workbench 5.4 with the J-Link module 
-OR- 
• FlashMagic’s free ISP programming tool with a RS-232 serial cable. 

2.1.1 Software 
Either Keil’s uVision4 or IAR’s Workbench development tools can be used to compile the 
application demos. Throughout this application note, only screenshots from uVision are 
shown.  
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The evaluation versions of Keil or IAR will work for the demo. If you are using uVision 
version 4.00 or earlier or Workbench 5.4 or earlier, please see the Known issues section. 

Optional: FlashMagic’s ISP utility can be used to flash the LPC1700 without using the 
ULINK JTAG module. It is available for free at: 
http://www.nxp.com/redirect/flashmagictool.com/  

2.1.2 Hardware 
Keil MCB1700 Development Board 

Keil ULINK JTAG module -OR- Optional RS-232 Serial cable 

 

 

Fig 1. Keil MCB1700 featuring NXP’s LPC1768 
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2.2 Objective 
The objective of this application demo is to demonstrate how the DMA performs a 
memory-to-DAC (peripheral) data transfer. By using the DMA to perform the transfers 
directly from memory to the DAC frees up the CPU to perform other tasks (or no tasks). 

The application note briefly covers three sample projects. All of the three sample projects 
utilize the DMA. These three application examples produce different output waveforms 
on the DAC’s output pin (P0.26). 

The first two examples do not require the CPU for the memory-to-DAC data transfers. To 
show this we will let the CPU simply toggle two LEDs indefinitely until “INT0” button is 
pressed. Once “INT0” is pressed, it will turn off the LEDs and put the LPC1700 into sleep 
mode. During the LPC1700’s sleep mode the DMA will continue with its data transfers. 

The last (3rd) example utilizes Timer 0 to trigger the memory-to-DAC DMA transfers. 
Unlike the previous examples, this project uses some CPU time to generate a delay 
between the actual transfers. The length of this delay is adjusted by using a 
potentiometer connected to the ADC (AD0.2) on the LPC1700. As an additional indicator, 
the LED connected onto P1.28 is toggled with the use of Timer 0’s match register 0 
(MAT0.0). 

A summary of the projects with their descriptions are shown in Table 1. 

Table 1. Project Summary 
Project Example Project Description 
Sine wave Outputs a sine wave onto the DAC using the DMA. 

CPU toggles P1.28 and P1.29. 
INT0 puts the LPC1700 into sleep mode. 
Once started, will loop indefinitely. 

Triangular wave Outputs a triangular wave onto the DAC using the DMA. 
CPU toggles P1.28 and P1.29. 
INT0 puts the LPC1700 into sleep mode. 
Once started, will loop indefinitely. 

Timer 0 enabled 
Triangular wave 

Outputs a triangular wave onto the DAC using the DMA. 
Timer 0 initiates the memory-to-DAC DMA data transfers. 
DMA needs to be reconfigured after each complete (32 word) DMA transfer. 
Match register MAT0.0 toggles P1.28 at each match. 
ADC input AD0.2 is used to determine the delay time between transfers. 

 

It is encouraged to observe the output of the DAC on an oscilloscope. The “SPK” jumper 
on the MCB1700 (Fig 1) can be removed so that the DAC isn’t connected to the 
speaker’s amplifier. 
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2.3 Project design 
2.3.1 Data location 

To reduce power consumption, the DMA controller on the LPC1700 supports DMA 
transfers while the CPU is in sleep mode. In sleep mode, the main SRAM block is 
powered down to conserve power. The remaining (up to 32 kB) AHB SRAM remains 
powered during sleep mode.  

It is crucial that any components needed by the DMA are located in the AHB SRAM in 
order for the DMA to function properly while in sleep mode. 

This applies to the source/destination DMA transfer memory locations and to any linked 
lists that may be used in the DMA’s scatter feature. 

 

 

Fig 2. LPC1700 system memory map (from the LPC1700 user manual) 

 

2.3.2 Data preparation 
In order to output a sine wave (Fig 26) or a triangular wave (Fig 27) using the DMA, we 
need to generate the proper data content in memory. This content is then simply 
transferred to the DAC using the DMA. The differences in these two waveforms only 
differ in their memory content. The rest of the data preparation remains the same. 

Fig 3 shows how the sine wave data is calculated and formatted for the DAC. All of the 
data needs to be increased (by 512) and shifted (left by 6) so that we have only positive 
data values that fit in the DACR register (see Fig 6). 

The sine wave data block consists of 64 words (256 bytes) formatted for the DAC.  
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Fig 3. Sine wave 

 

This code portion fills in a block of memory with the values that are generated by the sine 
function. Afterwards, each element is: 
1. Increased by 512 so that the peak-to-peak values are all within the DAC’s 10-bit 

resolution (0 to 1023). 
2. Shifted to the left by 6 with the BIAS enabled due to the DACR specs. 

The Triangular pattern (Fig 4) consists of 32 words (128 bytes) and is already formatted 
for the DAC so no further manipulation in required. 

 

Fig 4. Triangular wave data block 

 

2.3.2.1 DAC’s data format 

The DMA will perform 32-bit wide data transfers; therefore, it is important to have the 
data preformatted so that it can be used by the DAC. 

 

Fig 5. DACR 

The VALUE field contains the value that the DAC will output. 
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Fig 6. D/A Converter Register (DACR) 

 

2.3.3 DMA configuration 
The purpose of having the DMA is to offload the CPU from intensive overhead to perform 
the bulk of data transfers. The following sections give a brief description of the DMA’s 
components. 

2.3.3.1 Linked lists 

The DMA on the LPC1700 has the ability to use a linked list structure so that non-
contiguous blocks of memory can be transferred. Each individual DMA channel can 
support an independently configured data transfer.  

Each channel contains a few set of registers that pertain to its configuration/operation. 
They include the following registers: 

a. Channel Source address 
b. Channel Destination address 
c. Channel Linked List Item 
d. Channel Control 
e. Channel Configure 

From these five registers, the first four (bolded) can be combined into a Linked List 
node/structure. If the Linked List Item register is 0, the DMA will disable the channel after 
all the data has been transferred. If the LLI register is not cleared, the DMA will load new 
source, destination, LLI, and control values from the address pointed by the LLI.  
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Fig 7. Linked List Node structure 

 

It is important to keep the link list node structure as shown in Fig 7. 

Fig 8 shows a simple illustration on how the DMA channel can be configured with or 
without Linked Lists.  

 

 

Fig 8. DMA Configuration structure 

 

In the sine and triangular wave examples, the memory block that contains the data 
values are contiguous (sinusoid[ ] and triangle[ ]). The linked list structure is utilized to 
have the DMA continuously transfer the same block of data to the DAC. 
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(1) The Sine and Triangular examples will continue indefinitely by having a linked list node 
pointing to itself 

(2) The T0 enabled example will perform just one transfer 

Fig 9. Linked list configuration for the sine, triangular, and T0 enabled example projects 

 

The Timer 0 enabled example project only performs one complete data transfer and then 
disables its channel. 

 

Fig 10. Linked list node configuration for the sine wave example 

 

Sine wave example linked list node configuration. 

Note that with this configuration, the DMA will perform the same data transfer repetitively. 

 

2.3.3.2 DMA triggering 

To start a memory-to-memory transfer a DMA channel is configured and then enabled. 
However, when a DMA channel is transferring to or from (or even both) a peripheral, 
DMA requests from the peripheral(s) are needed. These requests are essentially 
generated when the peripheral(s) is(are) ready. 

 

Fig 11. DMA request signals 
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Available sources 

Only the sources shown in Fig 11 are able to generate DMA requests on the LPC1700. 

 

Fig 12. DMA request connections available on the LPC1700 

 

Note that MAT0.0 is multiplexed with UART0 Tx in the DMA Request Select register 
RMAReqSel[0]. 

In the sine wave and triangular wave example projects, we opt to use the DAC’s 
countdown counter to generate the DMA request. In the Timer 0 enabled example project 
match register MAT0.0 is used instead. 

Because MAT0.0 is multiplexed with UART0 Tx, we need to make sure to “route” this 
source to the DMA. 

 
 

a. UM’s description of DMAREQSEL b. Setting the DMAREQSEL register 

Fig 13. Selecting MAT0.0 as an DMA request source 
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Specifying the sources 

To configure the DMA channel so that a peripheral triggers a transfer, we need to specify 
that particular peripheral in the channel’s configuration register. 

 

Fig 14. Description of “SrcPeripheral” and “DestPeripheral” from the LPC1700’s user 
manual 

 

In the sine wave and triangular example projects we specify the DAC as the peripheral to 
trigger the DMA request. Since this source is not multiplexed with any other request line, 
we can disregard the DMAREQSEL register in this project. 

 

Fig 15. Selecting the DAC as a triggering source 

 

In the Timer 0 enabled example project we are now using MAT0.0 as the DMA request 
source. Note that we need to configure DMAREQSEL in this project because it is 
multiplexed with UART0 Tx. 

 

Fig 16. Selecting match register MAT0.0 as the triggering source 
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2.3.3.3 Channel control 

For all three sample projects we know that the sine wave or triangular wave data is 
located in a contiguous block of memory. The sine wave data block contains 64 words 
and the triangle data block contains 32 words. 

For each time that a DMA request is received, the DMA will transfer a 1-word burst from 
the source to the destination. For it to complete the entire transfer, it needs to complete 
64 transfers for the sine wave data and 32 transfers for the triangular wave data. 

 

 

Fig 17. DMA channel control for the sine wave sample project 

 

Note that “transfer size” does not necessarily correspond to the number of bytes. 

For the sine wave and triangular wave project we want to transfer the entire block of 
memory to the DAC, while each 1-word burst request is generated from the DAC. Once 
all of the 32 words have been transferred, the DMA will continue on to the next linked list 
node. In these two sample projects the DMA channel’s LLI register is always pointing to 
the same node (itself). Because in this situation the LLI node will never be equal to 0, the 
DMA will never disable the channel. 

However, if the channel’s LLIO register had been set to 0, this would have meant that the 
DMA will transfer the entire memory block (32 transfers in this case) and then disable the 
channel. Once the channel has been disabled, it will then have to be reconfigured again 
before it can be enabled. 

This is exactly the case with the Timer 0 enabled example project. 
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Fig 18. DMA channel control for the Timer 0 enabled sample project 

Here, we want to transfer the block of data containing the triangle data only once. After 
the transfer has been completed, the DMA will disable the channel allowing us to use this 
as an indicator that the entire data transfer has been completed. 

 

 

Fig 19. Polling DMA channel 0 

 

2.3.4 DAC configuration 
With the data prepared for transfer and the DMA ready, we can now focus on the DAC. 
The DAC is fairly simple to configure. The key point to understand is that the DAC has a 
countdown counter that will generate a DMA request when it reaches 0. Once the 
counter reaches 0, it will automatically reload with the value specified in DACCNTVAL. 
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Fig 20. DAC on the LPC1700 

 

The CNTVAL register contains a value which is compared to the DAC’s counter. Once it 
reaches 0 it will generate a “set_intrpt” which will actually request the DMA transfer. The 
counter on the other hand is incremented at the PCLK_DAC rate. 

 

Fig 21. DAC Configuration 

 

2.3.5 Timer 0 and ADC configuration 
Timer 0 and the ADC are only used in the Timer 0 enabled sample project.  

Timer 0’s match compare register 0 performs the same function as the DAC’s count 
down counter. When a match condition exists, it triggers a 1-word memory-to-peripheral 
burst transfer. By modifying the interval at which Timer 0’s counter matches MAT0.0 we 
can change the triangle waveform’s period. 

 AN10917_1 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2010. All rights reserved.

Application note Rev. 01 — 8 March 2010 15 of 23



 

NXP Semiconductors AN10917
 Memory to DAC DMA transfers

 

Fig 22. Timer 0 Initialization 

 

Once the DMA has been configured and enabled, Timer 0 is then enabled to create the 
1-word burst transfers. 

When all 32 transfers have been completed Timer 0 can then be disabled. At this point 
the DMA needs to be re-configured for the next transfer. Now we can introduce a 
software delay by the CPU before the DMA channel and Timer 0 are reconfigured and 
enabled. The length of the delay is determined using the ADC. 

 

Fig 23. ADC controlled delay 

 

The ADC has been initialized to use AD0.2, which is connected to a potentiometer (POT) 
on the MCB1700 (Fig 1). To get a value from the ADC, we first need to start a conversion 
and wait for it to complete. 
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Fig 24. ADC Initialization 

 

2.3.6 Sleep mode 
The sleep mode feature has only been added to the sine wave and triangular wave 
examples since these are the only projects that don’t require the CPU once the memory-
to-DAC transfer has started. 

When the DMA transfers have started, the CPU will toggle the LEDs on P1.28 and 
P1.29. Once the “INT0” button is pressed, it will turn off the LEDs and put the LPC1700 
to sleep. While in sleep mode, the DMA will continue performing the data transfers. 

 

Fig 25. Toggling the LEDs and polling to enter Sleep mode 
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2.3.7 Wave diagrams 
The following diagrams depict the different waveforms generated by the sample projects. 
These waveforms are actual waveform patterned captured using an oscilloscope. 

2.3.7.1 Sine wave 

Note that in the sine wave diagram, the entire waveform is represented in a positive 
voltage. 

 

Fig 26. Sine wave output from the DAC 

 

2.3.7.2 Triangle wave 

The triangular waveform is outputted in a similar DMA configuration as with the sine 
wave. Here only the waveform pattern is different and it also only needs 32 1-word burst 
transfers instead the 64 transfers. 

Fig 27. Triangular wave output from the DAC 

 

 AN10917_1 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2010. All rights reserved.

Application note Rev. 01 — 8 March 2010 18 of 23



 

NXP Semiconductors AN10917
 Memory to DAC DMA transfers

2.3.7.3 Timer 0 enabled (triangular) wave 

This waveform is the same as the triangular wave; however, a small delay is introduced 
by the CPU (using the ADC). By increasing the value captured by the ADC, the delays 
between the triangle periods are also increased. The delays are shown as the longer 0 V 
outputs by the DAC. 

Fig 28. Timer 0 enabled triangular wave output from the DAC 
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2.4 Project structure 
The diagrams in Fig 29 illustrate the basic project flow structure for the three sample 
projects. 

 
 

a. Sine wave and Triangular wave sample 
projects 

b. Timer 0 enabled sample project 

Fig 29. Flow diagram 

2.5 Known issues 
2.5.1 Keil uVision 

This correction applies to Keil’s uVision version 4.00 or earlier. 

The LPC17xx.h header file may not specify the “DMAREQSEL” register. To fix this, open 
the LPC17xx.h header file that comes with the uVision tool and ensure that 
DMAREQSEL is put in the place of “RESERVED9 as shown below.  

 

 

Fig 30. “LPC17xx.h” header file placeholder 
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2.5.2 IAR workbench 
This correction applies to IAR’s Workbench 5.4 or earlier. 

The “iolpc1766.h” header file needs modification. The address assigned to 
“DMAREQSEL” needs to be modified so it reads 0x400FC1C4. 

 

 

Fig 31. “iolpc1766.h” header file correction 
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