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Conventions

Numeric formats follow the rules as shown below:

Hexadecimal: 0xABC

Decimal: 123 or 0d123 - Only when it needs to be explicitly shown that they are decimal
numbers.

Binary: Obl11 - It is possible to omit the "0b" when the number of bits can be
distinctly understood from a sentence.

" N"is added to the end of signal names to indicate low active signals.
It is called "assert" that a signal moves to its active level, "deassert" to its inactive level.

When two or more signal names are referred, they are described like as [m:n].
Example: S[3:0] shows four signal names S3, S2, S1 and SO together.

The characters surrounded by / / defines the register.
Example: [ABCD]

"N" substitutes suffix number of two or more same kind of registers, fields, and bit names.
Example: [XYZ1], [XYZ2], [XYZ3] — [XYZn]

"x" substitutes suffix number or character of units and channels in the register list.

In case of unit, "x" means A, B, and C, ...
Example: J[ADACRO], [ADBCR0], [ADCCRO] — [ADxCRO0]

In case of channel, "x" means 0, 1, and 2, ...
Example: [T32A0RUNA], [T32A1RUNA], [T32A2RUNA] — [T32AxRUNA]

The bit range of a register is written like as [m: n].
Example: Bit[3: 0] expresses the range of bit 3 to 0.

The configuration value of a register is expressed by either the hexadecimal number or the binary number.
Example: [ABCDJ<EFG> = 0x01 (hexadecimal), [X¥YZn]<VW> = 1 (binary)

Word and byte represent the following bit length.

Byte: 8 bits
Half word: 16 bits
Word: 32 bits

Double word: 64 bits

Properties of each bit in a register are expressed as follows:
R: Read only

W: Write only

R/W: Read and write are possible.

Unless otherwise specified, register access supports only word access.
The register defined as "Reserved" must not be rewritten. Moreover, do not use the read value.
The value read from the bit having default value of "-" is unknown.

When a register containing both of writable bits and read-only bits is written, read-only bits should be written
with their default value, In the cases that default is "-", follow the definition of each register.

Reserved bits of the write-only register should be written with their default value. In the cases that default is
"-"_follow the definition of each register.

Do not use read-modified-write processing to the register of a definition which is different by writing and
read out.

6 /34 2024-10-31
Rev 2.1



TOSHIBA

DMA Controller

All other company names, product names, and service names mentioned herein may be trademarks of their
respective companies.
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Terms and Abbreviations
Some of the abbreviations used in this document are as follows:

DMA Direct Memory Access
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1. Outline

The main functions of the DMA controller (DMAC) per one unit are explained below.

request and type

transmission

= -
ur.u.:tlor.\ Function Functional description
classification
Start trigger Starting of DMA by peripheral or software
Transmission Single

It waits for the next transmission request, after carrying out data transfer once.

Burst transmission

Data transfer is carried out once or two or more times.

Transfer mode

Normal
transmission

There are the following two kinds of normal transmission.

- Unit normal transmission: Data is transmitted for every unit by one

transmission request.

- Continuation normal transmission: All the data is transmitted by one

transmission request.

Repeat
transmission

Repeat transmission repeats and carries out unit normal transmission

continuously.
Repeating infinitely by soft processing is possible.

Chain
transmission

Chain transmission transmits data dispersed based on the transmission list.

There are the following two kinds of a normal transmission.

- Unit chain transmission: Data is transmitted for every unit by one

transmission request.

- Continuation chain transmission: All the data is transmitted by one

transmission request.

Channel control

Transmission
address

The address of the source and a destination address shall be set up.

Transmission data
size

8 bits, 16 bits, 32 bits

Priority

The priority of run time is decided by the channel designator and two steps of

Interrupt function

transmission

priority setup.
DMA transmission is arbitrated for every channel.
Arbitration It is possible to set up the existence of arbitration (nothing, 1 to 512 times).
It is possible to carry out burst transmission efficiently by this setup.
Norma! . A maximum of 1024 times
transmission
Number of transfer Repeat. . Infinity (however, soft processing is required)
times transmission
Chain . A maximum of 256 x 1024 times
transmission
End of

Completion of data transfer will generate a transmission end interrupt.

Error interrupt

When a bus error and a memory protection error occur during data transfer,

an error interrupt will be generated.

9 /34
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2. Configuration

[DMAxChnlEnableSet]
[DMAxChnlEnableClir]

Channel effective/Invalid setting register Demand mask setup/release register

[DMAxChnIReqMaskSet]
[DMAxChnIReqMaskClr]

Software request register
[DMAxChnISwRequest]

Enable/disable signal transfer
register
[DMAxChnlUseburstSet]
[DMAxChnlUseburstClir]

Burst transmission request (ch0 to 31)
Peripheral Single transmission request (ch0 to 31) Channel request Abnormal termination
function >
(ch to 31) control
) Complete transmission (ch0 to 31)
Priority setting register
[DMAXChn|PrioritySet] — |—>»| Arbitration control
[DMAXChnlPriorityClr]
Transmission end \
Data transfer control Interrupt control > :mgmx;&a
Transmission error
System memory
~ (RAW) Channel control data Channel control data Error Clear register
Channel control data | Frima channel contol data [ "l  selection & control [DMAXErrClr]
i F‘r@magData ch0
S;}BT; Ad;ti:g‘:':;;;;s Prlmaml?)a!a ch1 T
Destination data end address PrimaryData ch31 | |
Channel control data selection register Base address register
[DMADstEndPt] Sy dee o o [DMAXChniPriAltSet] [DMAXxCtriBasePtr]
[Tc;i;que(': ;m;z sfe|] ijaw_ ry data chi [DMAxChnIPriAltCir] [DMAXAItCtrIBasePtr]
niCfg, .
(Reserved) Secondary data ch31
Figure 2.1 DMAC Block Diagrams (Common Unit)
Table 2.1 List of Signals
No. Symbol Signal name 110 Related reference manual

1 | INTDMAXTC DMAC transmission end interrupt Output Exception

2 | INTDMAXERR DMAC transmission error interrupt Output Exception

3 - Single transmission request Input Product Information

4 - Burst transmission request Input Product Information

5 - Channel control data Input/output | DMA Controller

10 / 34
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3. Detail of Function and Operation

This DMAC is controlled by a DMA register and channel control data. Although channel control data is arranged
in a memory. For the structure of data, refer to the "3.2. Channel Control Data".

There are primary data and secondary data in channel control data, and it may use the case where only either is
used by an operation mode and both.

3.1. Transfer Mode

Each transfer mode is explained.

3.1.1. Normal Transmission

The normal transmission uses one channel control data (either primary data or secondary data are available). There
are the following two with the disposal method for a transmission request.

e  Unit normal transmission
The data transfer is carried out for every unit by one transmission request.

Then, it waits for the next transmission request.

e  Continuation normal transmission:
All the data transfer is carried out by one transmission request.

It does not wait for the next transmission request.

3.1.1.1. Unit Normal Transmission

DMA will transmit data for every unit, if a transmission request is received. An arbitration is performed after that
and it waits for the next transmission request. Interrupt of transmission end is generated for this operation after the
transmission implementation for the total number of times of transmission.

Primary
Secondary N

Y

i L | K times transfer
I 2Rimes | (TTL transmission)
i (DMA transfer unit)
s </ K K-1 /& k2 / K3 5 (( /2 1
ource data ; y ¢/ J D
b Avbivaton
. . Y P} 3 . .
Destination data K K1 /& K-2 K-3 (g> 2 1
- [Wait for next request§ | |
DMA request H H ( H
D
Interrupt of transmission end H

Figure 3.1 Unit Normal Transmission
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3.1.1.2. Continuous Normal Transmission

Although the basic operation is the same as unit normal transmission, in continuous normal transmission, it does
not wait for the next transmission request after arbitration enforcement.

Interrupt of transmission end is generated for this operation after the transmission implementation for the total
number of times of transmission.

Primary

Secondary 1
< 1 K times transfer 1 R

' 2Rtransmission i (TTL transmission) ! |

| (DMA transfer unit)

Source data — K K-1 /4 K-2 / K-3 A (g> E

! K a4 ! Y Y | : |

Destination data — K K-1 K-2 K-3 (g> ﬂ
DMA request w ( 3

| >

Interrupt of transmission end

Figure 3.2 Continuous Normal Transmission

12 1 34 2024-10-31
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3.1.2. Repeat Transmission

Repeat transmission uses two channel control data. The start can be either primary data or secondary data, but the
consecutive unit normal transmission is performed while alternately using both channel control data. A
transmission end interrupt occurs after completing the data transfer of one channel control, and it changes to the
data transfer of the channel control of another side. Please reset the completed channel control data by interrupt

processing. By repeating this, data transfer is infinitely continuable.

DMA transmission is terminated by setting DMA invalid to the control data of the channel.

. Data / Data
Primary set TN set
Data
Secondary set
Primary data Secondary data
K times (TTL transmission) TR L times (TTL transmission) TR
12" times transmission Ry o
4 (DMA transfer unit) times transmission
— >
Source data

Destination data

— K K-1 /x (g> 2

bArbitration N “

N :

DMA request
)
Interrupt of transmission end —|—
Primary data
Data
S dary dat >
econdary data et
Primary data Secondary data

m times (TTL transmission) TR

<

n times TR

R, .
2" times transmission

(DMA transfer upit)
(

2R. L
times transmission

Source data 1 m m-1 /x > 2 n-1 ¥ (g) E
\l Y (( ‘l (( N,
Destination data 1 m m-1 ») 2 n-1 > ﬂ
DMA request —‘ ( 1 1
h)
Interrupt of
transmission end

[ End of all DMA transmission b

Figure 3.3 Repeat Transmission
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3.1.3. Chain Transmission

Chain transmission uses two channel control data, it carries out normal transmission two or more times.

When the number of times of transmission runs short in normal transmission mode, or when the source or a
destination address is a discontinuous area, it is used for data transfer. For example, it is possible to extract only
real data excluding the header from packet information and to store continuously in the memory domain area.

Start address of primary | Memoey area

control data Primary control data

Start address of secondary ‘
| Task list end address " s[geke =

control data [ Task1 source data end address | AR
Soay | [rdesmaice;
[ Task1 destination data end address | ata » "re&ndaid «
. Secondary control data end address . Taded = °
DMA register Task-list-1 [ “sourcereat |
(16 Bytes) RN
L " o T,
=destinakion
P H [« "re2ndatds"
[ Task n'source data end address FT /F
| Task n destination data end address |l
Data n
Secondary control data Task-list-n T EgT
(16-Bytes) L *sourceTeal
. - data

Figure 3.4 Channel Control Data on Chain Transmission, Role of Task List

In addition to the primary or secondary channel control data, a task list is needed in order to use chain
transmission. The role of the primary and secondary channel control data and a task list is explained as follows.

Task list
4 words of the same composition as channel control data shall be one set, and it prepares this two or more sets.
The end address of the real data of a source, the end address of destination real data, and transfer mode are, and
each set describes a setup of DMA transmission to actually transmit.

Primary channel control data
It is used in order to carry out DMA transmission of the task list to the secondary control data area.
In order to transmit by 4 word units, 1024/4= 256 task becomes the maximum number of transfer times.

Secondary channel control data
It is used in order to perform a task list.
Since each operation becomes a normal transmission, 1024 times becomes the maximum number of transfer
times.

Normal transmission is carried out two or more times, rewriting secondary channel control data by primary
channel control data. There are two kinds of chain transmission as well as normal transmission.

Unit chain transmission
The data transfer is carried out for every unit by one transmission request.
Then, it waits for the next transmission request.

Continuation chain transmission
All the data transfer is carried out by one transmission request.
Then, it does not wait for the next transmission request.

14 | 34 2024-10-31
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3.1.3.1. Unit Chain Transmission

After receiving a DMA transfer request and performing transmission to the secondary control data area of the task
list by primary control data, and real data transfer by a task list, once it stops till the next transmission request.
The same transmission is repeated by the next transmission request, and a DMA transfer is performed to the task
list of the last set as DMA transfer invalidity.

End interrupt of transmission is generated after the end of transmission by the last task list.

Primary data

bata ~__ _ _ _ _ _ _ _ _ _ ...,
setting

Processing of first task 1

Secondary data task done
(Transfer real data)

Task list data o Task 1 K Task2

Secondary data <7 Task1 ' Task2

Source data K K-1 /& (g> 2 1 L L1 4 (g) 2 1
Y b} .

Destination data 4 K K-1 (g) 2 1 L L-1 (( 2

DMA transfer —‘
request |

Interrupt of
transmission end

Primary data

Processing of last task Z

Task Task
Z-1 h z

Secondary \ Task \ Task
data Z1 z

Task list data

Source data m m-1 /& (g> 2 1 n 1 A (g) 2 1
/ '/

Y 'Y o h \‘ “
Destination data -+ m m-1 (g) 2 1 n n-1 (g) 2 1
DMA transfer
request
Interrupt of
transmission end

Figure 3.5 Unit Chain Transmission
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3.1.3.2. Continuation Chain Transmission

In unit chain transmission, it once stops after the end of transmission of each task list and waits for the next
transmission request. In continuation chain transmission, without waiting for the next transmission request, the
next transmission is started and it transmits till the completion of transmission by the last task list in which DMA
transfer invalidity was set up. Interruption is generated after the end of transmission by the last task list.

Primary data

Data N e
setting

Processing of first task 1

Secondary data
task done (real data transmission)

Task list data Task Task

Secondary data ¥ Ta15k ¥ Tazsk

Source data v K K-1 «)) 2 1 ] L L-1 «)) 2 1
P y h N x y

Destination data + K-1 (g) 2 1 L L-1 (g)

DMA transfer —‘

request |

Interrupt of
transmission end

Primary data

Processing of last task Z

TASK TASK
Z-1 ‘ A

Secondary | TASK \ TASK
data Z1 z

Task list data

Source data \' m m-1 (g> 2 1 ,\'\ n n-1 (g> 2 1
"y Y DY N . Y
Destination data 1 m m-1 (g) 2 1 n n-1 (g) 2 1

DMA transfer request

Interrupt of H
transmission end

Figure 3.6 Continuation Chain Transmission
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3.2. Channel Control Data

DMA controller, it is controlled by channel control data and the table of channel control data on a memory. By
transfer mode, each DMA channel has one channel control data (primary data or secondary data) or two channel
control data (primary data and secondary data) in a table. The end address of source data, the end address of
destination data, and a transfer mode setup is included in channel control data.

3.2.1. Channel Control Data Memory Map

"Figure 3.7 Memory Map of Control Data Table" shows the example of a memory map of channel control data.
As channel control data, 4 words per channel data is arranged to the space continuous by the channel number, and
1 KB (maximum) of the domain is used. For this reason, it is necessary to arrange the start address of channel

control data so that an address [9:0] may become "0x000".

The start address for primary data is set as [DMAxCtriBasePtr[, and the start address for secondary data is

returned to [DMAxAIltCtriBasePtr].

Contents of channel control data

Address

End address of source data

0x000

End address of destination data

0x004

Transfer mode setup

0x008

Reserved

0x00C

Channel control data table

Primary data

Address

Secondary data

Address

Primary chO

0x000

Secondary chO

0x200

Primary ch1

0x010

Secondary ch1

0x210

Primary ch2

0x020

Secondary ch2

0x220

Primary ch3

0x030

Secondary ch3

0x230

Primary ch4

0x040

Secondary ch4

0x240

Primary ch5

0x050

Secondary ch5

0x250

Primary ch6

0x060

Secondary ch6

0x260

Primary ch7

0x070

Secondary ch7

0x270

Primary ch8

0x080

Secondary ch8

0x280

Primary ch9

0x090

Secondary ch9

0x290

Primary ch10

0x0A0

Secondary ch10

0x2A0

Primary ch11

0x0BO

Secondary ch11

0x2B0

Primary ch12

0x0C0

Secondary ch12

0x2C0

Primary ch13

0x0D0

Secondary ch13

0x2D0

Primary ch14

O0x0EO

Secondary ch14

0x2EO0

Primary ch15

0xOF0

Secondary ch15

0x2F0

Primary ch16

0x100

Secondary ch16

0x300

Primary ch17

0x110

Secondary ch17

0x310

Primary ch18

0x120

Secondary ch18

0x320

Primary ch19

0x130

Secondary ch19

0x330

Primary ch20

0x140

Secondary ch20

0x340

Primary ch21

0x150

Secondary ch21

0x350

Primary ch22

0x160

Secondary ch22

0x360

Primary ch23

0x170

Secondary ch23

0x370

Primary ch24

0x180

Secondary ch24

0x380

Primary ch25

0x190

Secondary ch25

0x390

Primary ch26

0x1A0

Secondary ch26

0x3A0

Primary ch27

0x1B0

Secondary ch27

0x3B0

Primary ch28

0x1C0O

Secondary ch28

0x3C0

Primary ch29

0x1D0

Secondary ch29

0x3D0

Primary ch30

0x1EQ

Secondary ch30

0x3EQ

Primary ch31

0x1F0

Secondary ch31

0x3F0

Figure 3.7 Memory Map of Control Data Table

Figure 3.7 is an example in the case of using primary/secondary data of all 32 channels. The required memory area
varies depending on the number of channels available for the product and the channel number.
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3.2.2. Structure of Channel Control Data

Channel control data contains the following three kinds of data.

e The end address of source data
e The end address of destination data

e  Transfer mode setup

Each content is explained below.

3.2.2.1. Source Data End Address (DMASrcEndPtr)

The end address of the data to transmit is set up. Please unite alignment of an address with transmission data size.
DMA calculates the start address of a source based on this address.

Bit

Bit symbol

Function

31:0

src_data_end_ptr

The end address of source data

3.2.2.2. Destination Data End Address (DMADstEndPtr)

The end address of a destination is set up. Please unite alignment of an address with transmission data size. DMA
calculates the start address of a destination based on this address.

Bit

Bit symbol

Function

31:0

dst_data_end_ptr

The end address of a destination
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3.2.2.3. Transfer Mode Setup (DMAChnICfg)

A parameter required for DMA transmission is set.

Bit Bit symbol

Function

31:30 dst_inc

Increment of a transfer destination address (Note2)
00: 1byte
01: 2byte
10: 4byte
11: no increment

29:28 dst_size

Destination data size (Note1)
00: 1byte
01: 2byte
10: 4byte
11: Reserved

27:26 src_inc

Increment of a source address (Note2)
00: 1byte
01: 2byte
10: 4byte
11: no increment

25:24 src_size

Source data size (Note1)
00: 1byte
01: 2byte
10: 4byte
11: Reserved

23:18 -

Please set up "000000."

17:14 R_power

The run unit of arbitration
0000: One after time transmission
0001: Two after time transmission
0010: Four after time transmission
0011: Eight after time transmission
0100: 16 after time transmission
0101: 32 after time transmission
0110: 64 after time transmission
0111: 128 after time transmission
1000: 256 after time transmission
1001: 512 after time transmission
1010 to 1111: Arbitration toughness

Arbitration is performed for every set-up number of transfer times.

13:4 n_minus_1

Number of transfer times
0x000: One time
0x001: Two times
0x002: Three times

0x3FF: 1024 times (Note3)
The value which subtracted 1 from the total of the data to transmit is set up.

3 next_useburst

Single transfer setting change (Note4)
0: The remaining transmission also uses single transmission.
1: The remaining transmission does not use single transmission (burst
transmission is used).

A single transfer is prohibited at the end of DMA transfer using secondary data in
unit chain transfer, specify whether to continue the transfer or not.

2:0 cycle_ctrl

Transfer mode
000: Suspend DMA operation.
001: Unit normal transmission
010: Continuation normal transmission
011: Repeat transmission
100: Continuation chain transmission (primary data)
101: Continuation chain transmission (secondary data)
110: Unit chain transmission (primary data)
111: Unit chain transmission (secondary data)

Notel: <dst size> should set up the same value as <src_size>.

Note2: By setting <dst_size> and <src_size>, settings of <dst_inc> and <src_inc> are restricted as shown in Table

3.1
Note3: 1024 times is the upper limit in case of normal transmission.
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Note4: When the remaining number of times of transmission is less than 2R time from the last at the time of the

2nd end of 2R times transmission ("R" is set up by <R_power>), single transmission is permitted

automatically, but it is setting this bit to "1", and single transmission is carried out to prohibition and burst

transmission can be continued.

Table 3.1 Setup List about Transmission
<src_size>/<dst_size>

<src_inc>/<dst_inc> 00 01 10

(1 byte) (2 byte) (4 byte)

00 (1 byte) v - -

01 (2 byte) v v -

10 (4 byte) v v v

no increment v v v

If the setting is as following <dst_size> # <src_size>, at the time of renewal of unit transmission, the value of

<dst_size> is set to <src_size>.
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3.3. Initialization

The next setup is required to use DMA.

1. Clock supply to DMA
2.  Preparation of channel control data

3. Common initialization of a register

3.3.1. Clock Supply to DMA

When you use DMA, the corresponding clock enable bits should be set to "1" (Clock supply) in fsys supply stop
register A (/CGFSYSENA], [CGFSYSMENAY]), fsys supply stop register B (/CGFSYSENB/, [CGFSYSMENB]),
and fc supply stop register (/CGFCEN]). The corresponding registers and the bit locations depend on a product.
Some products do not have all registers. For the details, refer to "Clock Control and Operation Mode" in the
Reference manual.

3.3.2. Preparation of Channel Control Data

It is necessary to prepare the channel control data of the channel to be used. For details, such as a composition of
data, and arrangement, please refer to the "3.2. Channel Control Data".

3.3.3. Common Initialization of Register

This DMA also has the function to inform of the abnormal termination by a transmission end interrupt. For details
of data structure and configuration, please refer to "3.10 Interrupt".

In order to prevent interrupt which is not meant, carry out the next processing to all the units before starting to use
DMA.

[DMAxCfg] = 0x00000001;
[DMAxChnIReqMaskSet] = OxXFFFFFFFF;
[DMAxChnlEnableSet] = OXFFFFFFFF,

Next, carry out a register setup of the channel control data used at first. Initialization is "primary data." When you
change to "primary data" - "secondary data", write "1" into the corresponding channel bit of the
[DMAxChnlPriAltSet] register. When you change to "secondary data" - "primary data", write "1" into the
corresponding channel bit of the /[DMAxChnlPriAltClr] register.

It is only normal transmission and repeats transmission that "secondary data" can be chosen as channel control
data used first. Please choose "primary data" in chain transmission.

A setting value can be checked by reading the [DMAxChnlPriAltSet] register. Moreover, in repeat transmission
and chain transmission, if the data transfer set up by each channel control data is completed, a setup of "Primary
data" €-> "secondary data" will change automatically.
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3.4. Priority

A DMA controller performs data transfer according to the priority of each channel. A priority is decided in the
following setting combination of Table 3.2.

e Priority setup (a setup "High priority" and "Normal" is possible, and "High priority" has top priority)
e Channel number (Channel 0 has the highest priority, and priority takes priority in ascending order of
numbers)

The default of a priority setup is "Normal." When you change into "High priority" from "Normal", write "1" to the
corresponding channel bit of the /[DMAxChnlPrioritySet] register. When you change into "Normal" from "High
priority", write "1" into the corresponding channel bit of [DMAxChnlPriorityClr] register.

Table 3.2 Channel Priority

Priority setup Channel number Priority (descending order)
High priority ch0 The channel of the highest priority
High priority ch1 -

High priority ch 31 -
Normal ch 0 -
Normal ch1 -
Normal ch 31 The channel of the minimum priority

3.5. Kind of Transmission Request

This DMA supports the burst transmission and the single transmission request. Refer to the "Product Information"
of a reference manual for starting factor connection of each peripheral and a transmission request.

e Single transmission:
It waits for the next transmission, after doing data transfer once.
Enable or disable single transmission can be set up for every channel.
e Burst transmission:
Data transfer is done once or, two or more times.

It can be set up for every channel whether it waits for the next transmission request. For details,
refer to the "3.6 Arbitration ".

The burst transmission is always a permission setup (a prohibition setup cannot be performed).
To enable a single transmission, when you permit the single transfer request, write "1" into the corresponding

channel bit of the [DMAxChnlUseburstSet] register. For disabled, write "1" into the corresponding channel bit of
the [DMAxChnlUseburstClr| register.
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Burst transmission is usually set as permission. For this reason, the request of burst transmission and single
transmission overlaps and it makes it not generate.

(If it generates simultaneously, a burst transmission request has priority and is processed.)

When it is peripheral by which the starting factor is connected to both burst transmission and single transfer.
Carry out a fraction by single transmission after carrying out transmission of a number two or more times by burst
transmission. When unit chain transfer mode is used, there is a function changed from burst transmission to single
transmission.

3.6. Arbitration

When a transmission request is generated, this DMA chooses the channel which carries out transmission
processing according to "3.4. Priority" from all the channels which the request has generated. This means the
arbitration.

The run unit of arbitration can be set up by [DMAChnlCfg] <R power>. Since the channel concerned occupies
DMA if a set value is enlarged, the latency time of other channels increases. Therefore, in order to transmit a high
priority channel efficiently, do not set up a high arbitration unit to a low priority channel.

Moreover, in the case of the peripheral corresponding to burst transmission, a burst size of the arbitration unit of
DMAC and the peripheral function is made the same.

In case of chain transmission, make sure to set the arbitration unit of primary data to [DMAChnlCfg] <R power>
=0010.

3.7. Data Size and Address

This DMA is supporting the data size of 1, 2 or 4 bytes. Although the source can set up [DMAChnlCfg]<src_size>
and a destination by [DMAChnlCfg]<dst_size>, respectively, both should set up the same value.

Moreover, the address is supporting 1, 2 or 4 bytes of increment, or fixing. The source can set up
[DMAChnlCfg]<src_inc> and a destination individually by [DMAChnlICfg] <dst_inc>. In the case of increment,
set up the increment size to become more than data size. For details, refer to the "3.2.2.3Transfer Mode Setup
(DMAChnICfg)".

3.8. Number of Transmissions

A number of transmission sets the numerical value which subtracted 1 from the total number of transfer times as
[DMAChnICfg] <n_minus_1>. A value can be set up to 0 to 1023 and it means that this can perform one to 1024
transmission by one channel control data.

A normal transmission is using a one channel control data, therefore a maximum transmission is 1024 times.
A chain transmission is using two channel control data, therefore a maximum transmission is 256x1024 times.
Although a repeat transmission similarly is using two channel control data, a maximum transmission is infinite
since infinity can be set up at soft processing.

Moreover, this DMA updates [DMAChnlCfg] <n_minus_1>, just before going into arbitration. Thereby, a value
shows the remaining number of transmission.
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3.9. DMA Starting

When you use DMA, set mask release (write "1" into the corresponding bit of [DMAxChnIlReqMaskClr]) of a
unit and the channel. However, do not release the same factor simultaneously.

If there is a transmission request from a peripheral, it will perform according to a setup of channel control data.
When using a software start, write "1" into the corresponding bit of [DMAxChnlSwRequest].

3.10. Interrupt

This DMA generates two kinds of the interrupt, a transmission end interrupt, and transmission error interrupt.

3.10.1. Transmission End Interrupt

Completion of the transmission set up by channel control data will generate a transmission end interrupt.

In repeat transmission, it is possible to set up the following channel control data using transmission end interrupt
processing.

Also in the following case, it generates in addition to the time of this interrupt and a normal operation.

o When a corresponding DMA is in a disabled state and a DMA transmission request occurs, a transmission
end interrupt occurs as abnormal termination interrupt.

o When channel control data is not set up, enable a corresponding channel or release a request mask, and
also a DMA transmission request is generated, a transmission end interrupt occurs as abnormal
termination interrupt.

In normal transmission or chain transmission, the corresponding channel is in the state of invalidity (the
corresponding bit of [DMAxChnlEnableSet] is "0"), and mask release (the corresponding bit of
[DMAxChnlReqMaskSet] is "0"). When an interrupt request occurs from a peripheral once again in this state,
since the transmission end interrupt which means abnormal termination occurs, cautions are required.

In the data transmitting processing especially by DMA, data transmission is not completed when a transmission
end interrupt occurs.

Since a transmitting interrupt occurs after the completion of transmitting or FIFO becomes empty,

Please complete that a corresponding channel is effective (write "1" into the corresponding bit of
[DMAxChnlEnableSet]), and mask processing (write "1" into the corresponding bit of /[DMAxChnlReqMaskSet])
by then.

3.10.2. Transmission Error Interrupt

Detection of a bus error and a memory protection error will generate a transmission error interrupt. At this time,
DMA makes a corresponding channel invalidity (the corresponding bit of [DMAxChnlEnableSet] is "0"), and sets
it to [DMAxErrClr] = 0x00000001.

When the Error interrupt is generated, write "0x00000001" into [DMAxErrClr] to clear it.
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4. Register Explanation

4.1. Register List

The register and address of DMA are shown below.

. . Base address (Base)
Function name Channel/unit TYPE1 TYPE2 TYPE3
Unit A 0x4004C000 | Ox400A4000 | 0x40044000
UnitB 0x4004D000 | Ox400A5000 | 0x40045000
DMA controller DMAC UnitC 0x4004E000 | Ox400A6000 | 0x40046000
Unit D 0x4004F000 | Ox400A7000 | 0x40047000

Note: The base address is different by products. Please refer to "Product Information" of the reference manual for

the details

Register name Address (Base+)
DMAC Status Register [DMAxStatus] 0x000
DMAC Configuration Register [DMAXxCfg] 0x004
Channel Control Data Base Pointer Register [DMAXxCtriBasePtr] 0x008
Channel Alternate Control Data Base Pointer Register [DMAXxAItCtriBasePtr] 0x00C
Channel Software Request Register [DMAXxChnISwRequest] 0x014
Channel Useburst Set Register [DMAXxChnlUseburstSet] 0x018
Channel Useburst Clear Register [DMAXxChnlUseburstCir] 0x01C
Channel Request Mask Set Register [DMAxChniReqMaskSet] 0x020
Channel Request Mask Clear Register [DMAxChnIReqMaskClr] 0x024
Channel Enable Set Register [DMAXxChnlEnableSet] 0x028
Channel Enable Clear Register [DMAxChnlEnableClir] 0x02C
Channel Primary-alternate Set Register [DMAXChnIPriAltSet] 0x030
Channel Primary-alternate Clear Register [DMAxChnlPriAltCir] 0x034
Channel Priority Set Register [DMAXxChnlPrioritySet] 0x038
Channel Priority Clear Register [DMAXChnlPriorityClir] 0x03C
Bus Error Clear Register [DMAXErrCir] 0x04C
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4.2. Register Description

4.2.1. [DMAxStatus] (DMAC Status Register)

Bit Bit symbol After reset | Type Function
31:29 - 0 R Read as "0".
28 - 1 R Read as "1".
27:21 - 0 R Read as "0".
20:16 - Ox1F R Read as "Ox1F".
15:8 - 0 R Read as "0".
7:4 - Undefined R [Read as "Undefined".
31 - 0 R Read as "0".
DMA operation
0 Master_enable 0 R 0: Disable
1: Enable
4.2.2. [IDMAxCfg] (DMAC Configuration Register)
Bit Bit symbol After reset | Type Function
31:1 - 0 W [Write as "0".
DMA operation
0: Disable
0 Master_enable 0 w 1: Enable
A DMA operation State is set up.

Note: After setting up for all units as following, [DMAxCfg] = 0x00000001, [DMAxChnlReqMaskSet] =
OxFFFFFFFF, [DMAxChnlEnableSet] = OXFFFFFFFF, set the channel of the unit to be used as mask
release (corresponding bit of [DMAxChnlReqMaskClr] is set to "1"). However, do not release the same
factor simultaneously in each unit.

4.2.3. [DMAxCtriBasePtr] (Channel Control Data Base Pointer Register)

Bit Bit symbol After reset | Type Function
. Primary data base addresses
31:10 Ctrl_base_ptr 0x000000 RIW The base address of primary data is specified.
9:0 - 0 R Read as "0".

4.2.4. [DMAXxAItCtrIBasePtr] (Channel Alternate Control Data Base Pointer Register)

Bit Bit symbol After reset | Type Function
Secondary data base addresses
31:0 alt_ctrl_base_ptr 0x00000000 R The base address of secondary data can be read. o ‘
Since the base address of secondary data can acquire information from
the set point of primary data, it is not necessary to calculate it by software.
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4.2.5. [DMAxChnISwRequest] (Channel Software Request Register)

Bit Bit symbol After reset | Type Function
DMA request
0: Don't carry out a transmission request.
31:0 chnl_sw._request 0x00000000 W 1: Carry out a transmission request.

When generating a DMA request by software, write "1" into the
corresponding bit of each channel.

A software DMA request is generated, when a corresponding channel bit is set. In a unit normal transmission, it
can be used instead of the transfer request from the peripheral.

4.2.6. [DMAxChnlUseburstSet] (Channel Useburst Set Register)

Bit

Bit symbol

After reset

Type

Function

31:0

chnl_useburst_set

0x00000000

Disabling single transmission
0: Enable single transmission
1. Disable single transmission

Each bit corresponds to a channel with the specified number.

By reading, enabling /disabling state of a single transmission of a
corresponding channel can be checked.

In the following cases, a bit is operated automatically.

- The second from the last 2R transfers ("R" is the control data
[DMAChnICfg] set with <R_power>) remaining transfer times at the end
When the number is less than 2R, this bit is cleared to "0"

- By unit chain transmission, when [DMAChnICfg] of control data
<next_useburst> is set as "1", "1" is set to this bit after termination of DMA
transmission by secondary data.

1: Forbid single transmission.

Writing "1" prohibits a single transfer of the corresponding channel, and
only the burst transfer request becomes valid.

The writing of "0" does not have a meaning. When releasing disable of a
single transmission, it carries out by [DMAxChnlUseburstCir].

Note: When a number of transfer times<n_minus_1> are less than arbitration<R_power>, a DMA request stops
occurring. Therefore, when a number of transfer times<n_minus_1> are less than arbitration<R_power>,
write "0" into the corresponding bit of each channel.

4.2.7. [DMAxChnlUseburstCIr] (Channel Useburst Clear Register)

Bit

Bit symbol

After reset

Type

Function

31:0

chnl_useburst_clr

0x00000000

Enable single transmission
1: Enable single transmission.

Each bit corresponds to a channel with the specified number.

By writing "1", a single transfer of the corresponding channel is enabled.
Writing "0" has no meaning.

Disabling single transmission and the confirmation of a setup are
performed by [DMAxChnlUseburstSet].
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4.2.8. [DMAxChnlIReqMaskSet] (Channel Request Mask Set Register)

Bit Bit symbol After reset | Type Function
Status of DMA request mask
0: A DMA external request is valid.
1: A DMA external request is invalid.
R
Each bit corresponds to a channel (00 to 31) with the specified number.
In case of reading, the state of DMA external request mask of the
31:0 chnl_reg_mask_set | 0x00000000 corresponding channel can be checked for a valid or invalid.
DMA request mask
1: mask a DMA request from a peripheral circuit
w

The transmission request of the channel which corresponds if "1" is written
becomes invalid. The writing of "0" does not have a meaning. When
disabling mask, it will be done by [DMAxChnIReqMaskCir].

Note: After setting up for all units as follows, [DMAxCfg] = 0x00000001, /[DMAxChnlReqMaskSet] =
OxFFFFFFFF, [DMAxChnlEnableSet] = OXFFFFFFFF, set the channel of the unit to be used as mask
release (corresponding bit of [DMAxChnlReqMaskClr] is set to "1"). However, do not release the same
factor simultaneously in each unit.

4.2.9. [DMAxChnIReqMaskClIr] (Channel Request Mask Clear Register)

Bit Bit symbol After reset | Type Function
Release of a DMA request mask
1: Cancel the DMA request mask of the corresponding channel.
31:0 chnl_req_mask_clr | 0x00000000 W Each bit corresponds to a channel (00 to 31) with the specified number.

The DMA request mask of the channel corresponding by writing in "1" is
invalid. The writing of "0" does not have a meaning.

To confirm an effective setup channel and setup status is checked by
[DMAxChniReqMaskSet].

4.2.10. [DMAxChnlEnableSet] (Channel Enable Set Register)

Bit

Bit symbol

After reset

Type

Function

31:0

chnl_enable_set

0x00000000

Status of DMA operation
0: The corresponding channel is invalid.
1: The corresponding channel is valid.

Each bit corresponds to a channel with the specified number.

In case of reading, the valid /invalid state of the corresponding channel
can be checked.

Moreover, in the following cases, it becomes invalid automatically.

- Termination of a DMA cycle

- When [DMAChnICfg] <cycle_ctrl> reads the control data of "000"

- When a bus error occurs

Setting of DMA operation
1: the corresponding channel is valid.

The channel corresponding by writing "1" is validated.
The writing of "0" does not have a meaning.

Use [DMAxChnlEnableClr], to become invalid to the corresponding
channel.

Note: After setting up for all units as following, [DMAxCfg] = 0x00000001, /[DMAxChniReqMaskSet] =
OxFFFFFFFF, [DMAxChnlEnableSet] = 0OXFFFFFFFF, set the channel of the unit to be used as mask
release (corresponding bit of [DMAxChnlReqMaskClr] is set to "1"). However, do not release the same
factor simultaneously in each unit.
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4.2.11. [DMAxChnlEnableCIr] (Channel Enable Clear Register)

Bit Bit symbol After reset | Type Function

DMA disabling
1: the corresponding channel is disable.

Each bit corresponds to a channel with the specified number.

The channel corresponding by writing "1" is invalid.

The writing of "0" does not have a meaning.

The confirmation of an effective setup and setup state is done by
[DMAxChnlEnableSet].

Moreover, in the following cases, it becomes invalid automatically.
- Termination of a DMA cycle

- When [DMAChnICfg] <cycle_ctrl> read the control data of "000"
- When a bus error occurs

31:0 chnl_enable_clr 0x00000000 w

4.2.12. [DMAxChnIPriAltSet] (Channel Primary-alternate Set Register)

Bit Bit symbol After reset | Type Function
Status of primary data / secondary data selection
0: Primary data
1: Secondary data

Each bit corresponds to a channel with the specified number.

In case of reading, it can check whether the data of the corresponding
R channel are primary data or secondary data.

Moreover, in the following cases, a setup change automatically.

- When the data transfer of primary data is completed by repeat
31:0 chnl_pri_alt_set 0x00000000 transmission, unit chain transmission, or continuation chain transmission.
- When the data transfer of secondary data is completed by repeat
transmission, unit chain transmission, or continuation chain transmission.
Setting of primary data / secondary data selection

1: Use secondary data.

w | The data first used by the channel corresponding by writing "1" is set as
the secondary data. The writing of "0" does not have a meaning.

The invalid setup is performed by [DMAxChnlIPriAltClir].

It is the unit normal transmission, continuation normal transmission, and
repeat transmission that the second data can be specified as first data.
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4.2.13. [DMAxChnIPriAltCIr] (Channel Primary-alternate Clear Register)

Bit Bit symbol After reset | Type Function
Release of a secondary data setup
1: Use primary data.
Each bit corresponds to a channel with the specified number.
The data of the channel corresponding by writing "1" is set as primary.
The writing of "0" does not have a meaning.
31:0 chnl_pri_alt_clr 0x00000000 w To confirm the secondary setup and a setup state is checked by

[DMAxChnIPriAltSet].

Moreover, in the following cases, a setup change automatically.

- When the data transfer of primary data is completed by unit chain
transmission or continuation chain transmission

- When the data transfer of primary data is completed by repeat
transmission

- When the data transfer of secondary data is completed by repeat
transmission, unit chain transmission, or continuation chain transmission

4.2.14. [DMAxChnlPrioritySet] (Channel Priority Set Register)

Bit

Bit symbol

After reset

Type

Function

31:0

chnl_priority_set

0x00000000

Status of priority setup
0:  Normal priority
1: High priority

Each bit corresponds to a channel with the specified number.
In case of reading, it can check whether the corresponding channel is a
high priority or normal priority.

Priority setup
1: Set to a high priority.

The priority of the corresponding channel by writing "1" is set as the high
priority.
To return to normal priority, use by [DMAxChnlPriorityClr].

4.2.15. [DMAxChnlPriorityCIr] (Channel Priority Clear Register)

Bit

Bit symbol

After reset

Type

Function

31:0

chnl_priority_clr

0x00000000

Release of a high priority setup
1: set to a normal priority.

Each bit corresponds to a channel with the specified number.

The priority of the channel corresponding by writing "1" is set as the
normal priority.

The writing of "0" does not have a meaning.

The confirmation of a setup of a high priority and a setup is checked by

[DMAxChnlPrioritySet].
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4.2.16. [DMAXxErrCir] (Bus Error Clear Register)

Bit Bit symbol After reset | Type Function
31:1 - 0 R Read as "0".
The generating state of a bus error or a memory protection error
0: No error

1: Error generating

It can be checked by reading whether the bus error or the memory
0 err_clr 0 protection error has occurred.
Error release

1: Error release

w
The error can be released by writing "1".
The writing of "0" does not have a meaning.
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5. Usage Example
5.1. Basic Operation
The example of a setting is shown below using the basic operation of DMA.

(1) Use chO of UART and DMA.

(a) Setup on IP side which uses DMA ch0; (Enable DMA request output)

(2) Setup of DMA chO for normal transmission;

(a) Write "XX (read address of UART)" to <src_data_end ptr>
Setup of the read-out address on IP side ;

(b) Write "0x2000 xxxx+40" to <dst_data_end ptr>
Setup of the transfer destination address of data ;

(c) Write these values to /[DMAChniICfg] for chO:
Setup of the control data of chO ;

<dst_inc>= 01 (destination halfword address increment)
<dst_size> = 01 (halfword transfer size)
<src_inc>= 11 (no address increment for source)
<src_size> = 01 (halfword transfer size)
<R_power>= 0000 (arbitrate after each DMA transfer)
<n_minus_1>= 0x14 (transfer 21 half words)
<next_useburst> = 0 (not applicable)
<cycle ctrl>= 001 (unit normal transmission)

(3) Enable DMA operation

Write master_enable = 1 to [DMAxCfg]

(4) Disable single transmission request of chO (i.e., do not react to data available, wait for buffer full)

Write [DMAxChnlUseburstSet][0] = 1

(5) Enable transmission buffer full request of ch0

Write [DMAxChnlReqMaskClr][0] =1

(6) Primary data structure for chO

Write [DMAxChnlPriAltClr][0] = 1

(7) Enable ch0

Write [DMAxChnlEnableSet][0] = 1
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6. Revision History

Table 6.1 Revision History

Revision Date Description
1.0 2017-09-07 First release
Revised about Copyright, Date and Revision nhumber.
Deleted previous Table1.1 Title
Deleted note of 3.3.1
Revised Clock Supply section.(3.3.1)
Revised 4.1(added TYPE1/2/3 and Note)

2.0 2018-04-23 . i
Revised reading value of 4.2.1
Revised reset value of "0" and "-" of Register description (4.2.2,
427,428,42.9,4.211,4.213,4.2.15,4.2.16).
In 5.1, Corrected of register name to Bold italic type and also
channel 0 changed to ch0

21 2024-10-31 - Appearance update
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.

TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with TOSHIBA's
written permission, reproduction is permissible only if reproduction is without alteration/omission.

Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are responsible for
complying with safety standards and for providing adequate designs and safeguards for their hardware, software and systems which
minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily injury or damage to
property, including data loss or corruption. Before customers use the Product, create designs including the Product, or incorporate the
Product into their own applications, customers must also refer to and comply with (a) the latest versions of all relevant TOSHIBA information,
including without limitation, this document, the specifications, the data sheets and application notes for Product and the precautions and
conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for the application with which the Product
will be used with or for. Customers are solely responsible for all aspects of their own product design or applications, including but not limited
to (a) determining the appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the
applicability of any information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any
other referenced documents; and (c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO
LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY
CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without limitation,
equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life supporting medical equipment,
equipment used for automobiles, trains, ships and other transportation, traffic signaling equipment, equipment used to control combustions or
explosions, safety devices, elevators and escalators, and devices related to power plant. IF YOU USE PRODUCT FOR UNINTENDED USE,
TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our
website.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to any
intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR
PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER,
INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING
WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND (2)
DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR
INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE,
ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation, for
the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology products (mass
destruction weapons). Product and related software and technology may be controlled under the applicable export laws and regulations
including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export
and re-export of Product or related software or technology are strictly prohibited except in compliance with all applicable export laws and
regulations.

Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product. Please
use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including
without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES OCCURRING AS A RESULT
OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.

Toshiba Electronic Devices & Storage Corporation

https://toshiba.semicon-storage.com/
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