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Increasing Data Throughput 
Using the New C2000 DMA

Overview of the TMS320F2833x DMA
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Why DMA for Control?

• Reduce ADC overhead, e.g., bar-code readers, data 
acquisition

• Processing of external data, e.g. FFT on external data
• Binning ADC data
• Data logging and communication via McBSP
• Transposing of matrices, e.g., power system 

monitoring
• Any block data transfers
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F2833x DMA Overview

• Event driven state machine
• 6 channels can be configured to accept any DMA source
• Transfers split up into smaller bursts
• Flexible automated address manipulation
• 16 bit or 32 bit word transfers
• Fully configurable
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Channel Input SourcesValue Interrupt Peripheral
0 none No Peripheral Connection

1 SEQ1INT

2 SEQ2INT

3 XINT1

4 XINT2

5 XINT3

6 XINT4

7 XINT5

8 XINT6

9 XINT7

10 XINT13

11 TINT0

12 TINT1

13 TINT2

14 MXEVTA

15 MREVTA

16 MXEVTB

17 MREVTB

31:18 spare No peripheral connection.

McBSP-B

McBSP-A

CPU Timers

External Interrupts

ADC

ADC Sequencer 1 & 2

3 XINT (GPIO31:0 pins)

5 XINT (GPIO63:32 pins)

Timer0, Timer1, Timer 2

McBSP-A Tx & Rx

McBSP-B Tx & Rx

1

2

32

32

3

2

2

Total 74

Software (anytime)

MODE.CHx[PERINTSEL]
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Channel Priorities

• Two modes:
– Round robin
– Channel 1 priority: same as 

round robin except CH1 can 
interrupt DMA state machine

DMA
event?

CH6 CH1

CH2CH5

CH4 CH3

Y

N

• Channel 1 priority mode uses:
– Primarily for ADC
– Can be used by any peripheral 

configured to trigger CH1
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State Machine Definitions

• Burst – smallest amount of data 
moved at a time

• Burst Size – words/burst
• BURST_SIZE – Burst Size - 1
• Burst Step – added to address 

pointer inside burst loop

Note: Step registers are all 16 bit signed values

Transfer Word

Burst Size times

Transfer Size times

Start Transfer
State 
Machine

Size registers are all N-1 values
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State Machine Definitions

• Transfer – period between CPU 
interrupts

• Transfer Size – bursts/transfer
• TRANSFER_SIZE – Transfer Size -

1
• Transfer Step – added to address 

pointer inside transfer loop

Transfer Word

Burst Size times

Transfer Size times

Start Transfer
State 
Machine

Note: Step registers are all 16 bit signed values
Size registers are all N-1 values
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Simplified 
Hardware State 
Machine Flow

Example:
3 words/burst
2 bursts/transfer

Read/Write Data

Add Burst Step
to Address

Pointer

End Transfer

Add Transfer
Step to Address

Pointer

Moved
“Burst Size”

Words?

Moved
“Transfer Size”

Bursts?

Y

Y

N

N

Point where other
pending channels

are serviced

Point where
CH1 can

interrupt other
channels

Wait for event
to start/continue

transfer
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DMA State Machine Throughput

• 4 cycles/word (5 for McBSP reads)
• 1 cycle delay to start each burst
• 1 cycle delay returning from CH1 high priority 

interrupt
• 32-bit transfer doubles throughput (except McBSP)

Example: 128 16-bit words from ADC to RAM

8 bursts * [(4 cycles/word * 16 words/burst) + 1] = 520 cycles

Example: 64 32-bit words from ADC to RAM

8 bursts * [(4 cycles/word * 8 words/burst) + 1] = 264 cycles
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Address Control

• Separate source and destination pointers with separate 
control

• Buffered pointers to allow ping-pong
• Signed number added after each word transferred
• Signed number added after each burst completed
• Wrap with offset option available
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0x0000C0030x0000C0020x0000C0010x0000C000

0x0000F0030x0000F0020x0000F0010x0000F0000x00000000

0x4444
0x3333
0x2222
0x1111

Address Control

Read/Write Data

Add Burst Step
to Address

Pointer

End Transfer

Add Transfer
Step to Address

Pointer

Moved
“Burst Size”

Words?

Moved
“Transfer Size”

Bursts?
Y

Y

N

N

Wait for event
to start/continue

transfer

ADDR.shadow

ADDR.active

BURST_STEP
TRANSFER_STEP

BURST_SIZE*
TRANSFER_SIZE*

Addr Value
0x11110xF000
0x22220xF001
0x33330xF002
0x44440xF003

Source Registers

0x0000F000
0x0001
0x0001

0x0001
0x0001

ADDR.shadow

ADDR.active

BURST_STEP
TRANSFER_STEP

0x00000000
Addr Value

0x00000xC000
0x00000xC001
0x00000xC002
0x00000xC003

Destination Registers

0x0000C000
0x0001
0x0001

2 words/burst
2 bursts/transfer

* Size registers are N-1
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Address Control

ADC Result Registers

L7 RAM

CH0
CH1
CH2
CH3
CH4

0x0B00 CH0
CH1
CH2
CH3
CH4

CH0
CH1
CH2
CH3
CH4

1st Conversion Sequence2nd

0xF000

0xF003

0xF006

0xF009

0xF00C

0x0B01
0x0B02
0x0B03
0x0B04

Objective: Bin ADC data into L7 RAM. 
Interrupt CPU after 3 samples of 5 channels.

0xF001

0xF004

0xF007

0xF00A

0xF00D

0xF002

0xF005

0xF008

0xF00B

0xF00E

Conversion Sequence3rd Conversion Sequence

CH0

CH1

CH2

CH3

CH4
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Address Control

CH4
CH3
CH2
CH1
CH00x0B00

CH4
CH3
CH2
CH1
CH0

0x0B01

CH4
CH3
CH2
CH1
CH0

0x0B02

ADC Result Registers

L7 RAM

0xF000

0xF003

0xF006

0xF009

0xF00C

CH0
CH0
CH0

CH1
CH1
CH1

CH2
CH2
CH2

CH3
CH3
CH3

CH4
CH4
CH4

BURST_SIZE*
TRANSFER_SIZE*

0x0004
0x0002

5 words/burst
3 bursts/transfer

* Size registers are N-1

ADDR.shadow
BURST_STEP

TRANSFER_STEP

Source Registers
0x00000B00

0x0001
0xFFFC

ADDR.shadow
BURST_STEP

TRANSFER_STEP

Destination Registers
0x0000F000

0x0003
0xFFF5 (-11)

(-4)

0xF001

0xF004

0xF007

0xF00A

0xF00D

0xF008

0xF00B

0xF00E

0xF002

0xF005

0x0B03
0x0B04

time
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Wrap Function

• Reloads address pointer after specified number of bursts
• Allows a cumulative signed offset to be added each wrap
• Provides another resource to manipulate the address 

pointers
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Wrap Function Definitions

• Wrap Size – bursts/wrap
• WRAP_SIZE – Wrap Size – 1
• BEG_ADDR – Wrap beginning address
• Wrap Step – added to BEG_ADDR before wrapping

Note: Step registers are all 16 bit signed values
Size registers are all N-1 values

Wrap procedure:

Part 1: BEG_ADDR.active += WRAP_STEP

Part 2: ADDR.active = BEG_ADDR.active
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Less Simplified State Machine Flow

Read/Write Data

Add Burst Step
to Address

Pointer

End Transfer

Add Transfer Step
to Address Pointer

Moved
“Burst Size”

Words?

Moved
“Transfer Size”

Bursts?
Y

Y

N

N

Wait for event to
start/continue transfer

Moved
“Wrap Size”

Bursts?

Add WRAP_STEP to
BEG_ADDR and Load

Into Address Pointer

N

Y
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Wrap Function

BEG_ADDR.shadow
BURST_STEP

TRANSFER_STEP

Source Registers

Don’t Care
0x0001
0xFFFC

Don’t Care

BEG_ADDR.shadow
BURST_STEP

TRANSFER_STEP

Destination Registers

0x0000F000
0x0003

Don’t Care
0x0001

0xFFFFWRAP_SIZE*
WRAP_STEP

0x0000WRAP_SIZE*
WRAP_STEP

0x00000B00ADDR.shadow

ADDR.shadow 0x0000F000

BURST_SIZE*
TRANSFER_SIZE*

0x0004
0x0002

5 words/burst
3 bursts/transfer

* Size registers are N-1

(-4)

1 burst/wrap

No wrap CH4
CH3
CH2
CH1
CH00x0B00

CH4
CH3
CH2
CH1
CH0

0x0B01

CH4
CH3
CH2
CH1
CH0

0x0B02

ADC Result Registers

L7 RAM

0xF000

0xF003

0xF006

0xF009

0xF00C

CH0
CH0
CH0

CH1
CH1
CH1

CH2
CH2
CH2

CH3
CH3
CH3

CH4
CH4
CH4

0xF007

0xF00A

0xF00D

0xF008

0xF00B

0xF00E

0xF001

0xF004

0xF002

0xF005

0x0B03
0x0B04

time
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Burst 1a

Burst 1b

Burst 1c

Burst 2a

Burst 2b

Burst 2c

Burst 3a

Burst 3b

Burst 3c

Burst 4a

Burst 4b

Burst 4c

Multiple Buffers
Burst 1a Burst Step

Transfer Step
Burst 1b

Burst 1c

Burst 2a

Burst 2b

Burst 2c

Burst 3a

Burst 3b

Burst 3c

Burst 4a

Burst 4b

Burst 4c

Source Data

Burst Step

Transfer Step

Burst Step

Transfer Step

Burst Step

Wrap Procedure

Burst Step

Transfer Step

Burst Step

Transfer StepWrap Procedure

Burst Step

Transfer Step

Burst Step
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Overrun Error

• Warning to CPU that a DMA transfer was requested 
but not performed

• Triggered if a DMA transfer is pending and an 
additional request is received
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ADC Sync Feature
• Used when the ADC is operating in continuous 

conversion mode with the sequencer override bit set
• Automatically syncs two buffers to the conversions
• Generates error if sync does not correspond to wrap

RESULT0
RESULT1
RESULT2
RESULT3
RESULT4
RESULT5
RESULT6
RESULT7

Buffer A

Buffer B

Sync/Trigger

4 words/burst, wrap every other burst

Trigger
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Other Features

16 or 32 bit
Per channel
16 or 32 bit
Per channel

Disable/Enable
Channel

@ e/o Xfer

Disable/Enable
Channel

@ e/o Xfer

Entire Transfer
Or

1 Burst

Entire Transfer
Or

1 Burst

Interrupt @
Beg or End

of Xfer

Interrupt @
Beg or End

of Xfer

Soft and
Hard Resets
Soft and

Hard Resets
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• EALLOW protected
• CH2 – CH6 registers 

imitate CH1 registers

DMA Register 
Summary
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MODE Register

CHINTE DATASIZE SYNCSEL SYNCE CONTINUOUS ONESHOT CHINTMODE PERINTE

OVRINTE Reserved PERINTSEL

R/W - 0

15 14 13 12 11 10 9 8

7 6 5 4 0

R/W - 0 R/W - 0 R/W - 0 R/W - 0 R/W - 0 R/W - 0 R/W - 0 R/W - 0

R/W - 0 R - 0

CHINTE Channel interrupt enable to PIE module

DATASIZE Chooses 16 or 32 bit transfers

SYNCSEL Select whether sync is for source or destination registers

SYNCE Sync function enable

CONTINUOUS Determines whether or not channel is disabled at end of transfer

ONESHOT Determines whether or not a transfer stops between bursts

CHINTMODE Channel interrupt mode says whether CPU interrupt occurs at start or end of transfer
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MODE Register – cont.

CHINTE DATASIZE SYNCSEL SYNCE CONTINUOUS ONESHOT CHINTMODE PERINTE

OVRINTE Reserved PERINTSEL

R/W - 0

15 14 13 12 11 10 9 8

7 6 5 4 0

R/W - 0 R/W - 0 R/W - 0 R/W - 0 R/W - 0 R/W - 0 R/W - 0 R/W - 0

R/W - 0 R/W - 0

PERINTE Peripheral interrupt enable allows peripheral interrupt event to start transfer

OVRINTE Overrun interrupt enable allows the OVRFLG bit to generate a CPU interrupt

PERINTSEL Peripheral interrupt select field determines which peripheral can start a transfer
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CONTROL Register

Reserved OVRFLG RUNSTS BURSTSTS TRANSFER
STS SYNCERR SYNCFLG PERINTFLG

ERRCLR

R=0/W=1

15 14 13 12 11 10 9 8

7 6 5 4 0

R - 0 R - 0 R - 0 R - 0 R - 0 R - 0 R - 0 R - 0

R=0/W=1 R=0/W=1 R=0/W=1 R=0/W=1 R=0/W=1 R=0/W=1 R=0/W=1

OVRFLG Indicates an overrun condition

RUNSTS Indicates the channel is enabled

BURSTSTS Indicates the channel is in the middle of a burst

TRANSFERSTS Indicates the channel is in the middle of a transfer

SYNCERR Indicates a sync error has occurred

SYNCFLG Indicates a sync event has occurred

PERINTFLG Indicates a peripheral event has occurred. This is cleared as soon as the burst starts.

SYNCCLR SYNCFRC PERINTCLR PERINTFRC SOFTRESET HALT RUN
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CONTROL Register – cont.

Reserved OVRFLG RUNSTS BURSTSTS TRANSFER
STS SYNCERR SYNCFLG PERINTFLG

ERRCLR

R=0/W=1

15 14 13 12 11 10 9 8

7 6 5 4 0

R - 0 R - 0 R - 0 R - 0 R - 0 R - 0 R - 0 R - 0

R=0/W=1 R=0/W=1 R=0/W=1 R=0/W=1 R=0/W=1 R=0/W=1 R=0/W=1

ERRCLR Clears both the SYNCERR and the OVRFLG bits

SYNCCLR Clears the SYNCFLG bit

SYNCFRC Forces a sync event to occur

PERINTCLR Clears the PERINTFLG bit

PERINTFRC Forces a peripheral event to occur regardless of PERINTSEL bit field status

SOFTRESET Resets the channel’s state machine

HALT Halts the channel’s state machine at one of three predefined points

RUN Sets the RUNSTS bit and enables the channel for operation

SYNCCLR SYNCFRC PERINTCLR PERINTFRC SOFTRESET HALT RUN
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F2833x Block Diagram/Overview
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 Ch4, Ch3, Ch2, Ch1,

Scenario 1 – McBSP Ping-Pong

McBSP-A Channel1
32 word block

McBSP-A Channel2
32 word block

McBSP-A Channel3
32 word block

McBSP-A Channel4
32 word block

McBSP-A Channel1
32 word block

McBSP-A Channel2
32 word block

McBSP-A Channel3
32 word block

McBSP-A Channel4
32 word block

Pong Buffer

Ping Buffer

McBSP-A

Ch1

Ch2

Ch3

Ch4

Ch1
Ch2
Ch3Ch4

• Use shadowed ADDRs for ping-
pong buffers

• CPU interrupt @ beg. of transfer

• McBSP is always 1 word/burst
• Bin data using wrap
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interrupt void DMA_CH1_ISR(void)Value Interrupt Peripheral
{

if (CONTROL.CH1[OVRFLG] == 1)0 none No Peripheral Connection

{1

HandleError();
}3 X
EALLOW;
if (Buffer == PING)
{5 X

DST_ADDR.shadow = 0x00F000;
DST_BEG_ADDR.shadow = 0xF000;7 XINT5
Buffer = PONG;

} else8 XIN

{
DST_ADDR.shadow = 0x00E000;
DST_BEG_ADDR.shadow = 0xE000;11 TINT0
Buffer = PING;

}12

EDIS;
if (!FirstInterrupt)
{

Process_Data();
}
EnablePIEACK7();

}

Scenario 1 – McBSP Ping-Pong

SEQ1INT

2 SEQ2INT

INT1

4 XINT2

INT3

6 XINT4

T6

9 XINT7

10 XINT13

TINT1

13 TINT2

14 MXEVTA

15 MREVTA

16 MXEVTB

17 MREVTB

31:18 spare No peripheral connection.

McBSP-B

McBSP-A

CPU Timers

External Interrupts

ADC

MODE.CH1[PERINTSEL] = MREVTA;
MODE.CH1[OVRINTE] = OVERRUN_INT_ENABLED;
MODE.CH1[PERINTE] = PER_INT_ENABLED;
MODE.CH1[CHINTMODE] = INT_AT_BEG_OF_XFER;
MODE.CH1[ONESHOT] = WAIT_FOR_EVENT;
MODE.CH1[CONTINUOUS] = KEEP_ENABLED_AT_END;
MODE.CH1[SYNCE] = SYNC_DISBALED;
MODE.CH1[DATASIZE] = 16BIT_XFERS;
MODE.CH1[CHINTE] = CPU_INT_ENABLED;
BURST_SIZE = 0;
TRANSFER_SIZE = 127;
SRC_ADDR.shadow = 0x00005001;
SRC_WRAP_SIZE = 0xFFFF;
SRC_BURST_STEP = 0;
SRC_TRANSFER_STEP = 0;
DST_ADDR.shadow = 0x0000E000;
DST_BEG_ADDR.shadow = 0x0000E000;
DST_WRAP_SIZE = 3;
DST_TRANSFER_STEP = 32;
DST_WRAP_STEP = 1;
CONTROL.CH1[RUN] = CHANNEL_ENABLED;
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Scenario 2 – 32 Bit External Memory

External RAM

F2833x

XINTF

DMA

Internal 
RAM

DA

DDR

Control
Address

Data D
A

D
D

R

C
on

tro
l

Move 1k x 32 block from external memory.
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Value Interrupt Peripheral

0 none No Peripheral Connection

1 SEQ1INT

2 SEQ2INT

3 XINT1

4 XINT2

5 XINT3

6 XINT4

7 XINT5

8 XINT6

9 XINT7

10 XINT13

11 TINT0

12 TINT1

13 TINT2

14 MXEVTA

15 MREVTA

16 MXEVTB

17 MREVTB

31:18 spare No peripheral connection.

McBSP-B

McBSP-A

CPU Timers

External Interrupts

ADC

MODE.CH1[PERINTSEL] = 0;
MODE.CH1[OVRINTE] = OVERRUN_INT_DISABLED;
MODE.CH1[PERINTE] = PER_INT_ENABLED;
MODE.CH1[CHINTMODE] = INT_AT_END_OF_XFER;
MODE.CH1[ONESHOT] = COMPLETE_ENTIRE_XFER;
MODE.CH1[CONTINUOUS] = DISABLE_AT_END;
MODE.CH1[SYNCE] = SYNC_DISBALED;
MODE.CH1[DATASIZE] = 32BIT_XFERS;
MODE.CH1[CHINTE] = CPU_INT_ENABLED;
BURST_SIZE = 31;
TRANSFER_SIZE = 63;
SRC_ADDR.shadow = 0x00004000;
SRC_WRAP_SIZE = 0xFFFF;
SRC_BURST_STEP = 2;
SRC_TRANSFER_STEP = 2;
DST_ADDR.shadow = 0x0000C000;
DST_WRAP_SIZE = 0xFFFF;
DST_BURST_STEP = 2;
DST_TRANSFER_STEP = 2;
CONTROL.CH1[RUN] = CHANNEL_ENABLED;
CONTROL.CH1[PERINTFRC] = 1;

Scenario 2 – 32 Bit External Memory

Read/Write Data

Add Burst Step
to Address

Pointer

End Transfer

Add WRAP_STEP to
BEG_ADDR and Load
Into Address Pointer

Moved
“Burst Size”

Words?

Moved
“Transfer Size”

Bursts?
Y

Y

N

Wait for event
to start/continue

transfer

Moved
“Wrap Size”

Bursts?

Add Transfer
Step to Address

Pointer
N

N

Y

Point where other
pending channels

are serviced
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F2833x Block Diagram/Overview
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Highlights Summary
• DMA is event driven and contains 6 channels w/ 74 possible input

sources (software, timers, McBSP’s, ADC, external pins)
• Transfers are made up of multiple bursts, switching between 

channels is done between these bursts
• Address manipulation is flexible and can be used to rearrange data 

as it is transferred – useful in binning, transposing matrices, 
reversing order of array data, etc.

• An overrun flag/interrupt is provided to catch conditions where the 
system is overloading the DMA

• Throughput is ~4 or 5 cycles/word (16-bit or 32-bit word)
• Channel 1 can be made a higher priority than the others
• Ping pong buffers are easy w/ shadowed address pointers
• Frees up CPU resources!
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Thank You  Thank You  Thank You
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