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The DMA function transfers data concurrently with the CPU process and it is convenient for shortening the data
transfer time and enhancing the processing speed. To obtain the time of data transfer by this DMA function, the
number of cycles must be obtained according to the conditions because the data transfer route depends on the
transfer source or destination. This document discusses access speeds under various conditions for the DMA

function mounted on the FR80S/T series.
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The DMA function transfers data concurrently with the CPU process and it is convenient for shortening the data
transfer time and enhancing the processing speed. To obtain the time of data transfer by this DMA function, the
number of cycles must be obtained according to the conditions because the data transfer route depends on the
transfer source or destination. This document discusses access speeds under various conditions for the DMA

function mounted on the FR80S/T series.
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2 Overview of DMA Transfer

2.1 DMA Transfer Cycles

When data is being transferred using the DMA function, data is retrieved from the transfer source to the DMA then
data is written from the DMA to the transfer destination. Therefore, the number of DMA transfer cycles can be
calculated as the sum of [Transfer source -> DMA cycle] and [DMA -> Transfer destination cycle].

[DMA transfer cycle] = [Transfer source -> DMA cycle] + [DMA -> Transfer destination cycle] ... (1)

2.2 Access Cycles Depending on Bus Difference

The data access cycles can be categorized under the Flash memory, RAM, peripheral function, external bus, or USB
depending on the data transfer route. (See Figure 1.) If [Transfer source -> DMA cycles] and [DMA -> Transfer
destination cycles] can be obtained under these five conditions, the DMA transfer cycles under each condition can be
obtained. Since the on-chip bus has the blue and green lines (Figure 1) and two layers (multi-layer bus), DMA
transfer can be performed concurrently with CPU access if the access destination is different. The XBS (cross-bar
switch bus) can perform DMA transfer to the RAM while the CPU is accessing the Flash memory to give instructions.

|
CPU XBS Port
Flash memory Peripheral |y
function
RAM
On-chip bus —
Micro-computer

Figure 1 FR80S internal bus pattern
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2.3 Disincentive Against DMA Transfer

Although the DMA function can transfer data concurrently with the CPU process, it shares the data transfer bus of the
DMA function with the CPU. If both access the same bus, they block transfer to each other. Since the effect of
disincentive to DMA transfer depends on instructions executed by the CPU, it is hard to represent the effect in a
guantitative manner. Therefore, this document proceeds with the discussion on the number of cycles on the
assumption that there is no blocking by the CPU. Described below are specific examples of disincentives against
DMA transfer.

Specific Example 1 of Disincentive: Accessing the Flash memory for DMA Transfer

Since the CPU executes the program on the Flash memory, accessing the Flash memory data by the DMA function is
blocked. Therefore, this document excludes the Flash memory from the discussion on the number of cycles and
proceeds with the discussion under the remaining four conditions.

Specific Example 2 of Disincentive: CPU Accessing the RAM
While the CPU is accessing the data in the RAM, accessing the RAM by the DMA function is blocked.

Special Specific Example 3 Without Blocking: Using Two Layers of On-chip Bus

If the DMA function transfers data from the RAM to a peripheral function while the CPU is accessing an external bus,
transfer is not blocked. The reason is that there are two buses; the XBS and the bus connecting the DMA, peripheral
function, external bus, or USB. While the CPU is accessing the external bus, the DMA can use the other bus to
access the RAM or peripheral function.

CPU access conditions as disincentives against the DMA function are summarized as follows: Mark X in the table
below is the blocking condition.

DMA
RAM Peripheral External bus uUsB
function

CPU RAM X (0] (0] o]

Peripheral O X o o
function

External bus O @) X )

USB O (0] (0] X

O: The CPU and DMA are concurrently accessible.
X: CPU access blocks DMA access.
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3 Number of DMA Transfer Cycles

Described below is the number of DMA transfer cycles under each condition of data transfer routes

3.1 Number of Peripheral Function -> DMA Transfer Cycles

Minimum value: 1CCLK+2PCLK
Maximum value: 3PCLK
*) CCLK: CPU frequency PCLK: Peripheral function frequency
Port
Flash memory Peripheral —
function
|

Micro-computer
Figure 2 Peripheral function -> DMA transfer

3.2 Number of DMA -> Peripheral Function Transfer Cycles

Minimum value: 1CCLK+2PCLK

Maximum value: 3PCLK
*) CCLK: CPU frequency PCLK: Peripheral function frequency

Flash memory

Micro-computer
Figure 3 DMA -> Peripheral function transfer
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3.3 Number of RAM -> DMA Transfer Cycles
|

2CCLK
*) CCLK: CPU frequency
]
Port

Flash memory

Micro-computer
Figure 4 RAM -> DMA transfer

3.4 Number of DMA -> RAM Transfer Cycles

1CCLK
*) CCLK: CPU frequency
Port

Flash memory

Micro-computer
Figure 5 DMA -> RAM transfer
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3.5 Number of USB -> DMA Transfer Cycles

Minimum value: 1CCLK
*) CCLK: CPU frequency PCLK: Peripheral function frequency
]
Port
Flash memory Peripheral | mu—
function
I

Micro-computer
Figure 6 Peripheral function -> DMA transfer

3.6 Number of DMA -> USB Transfer Cycles

Minimum value: 1CCLK
*) CCLK: CPU frequency PCLK: Peripheral function frequency
R—F
Flash memory Peripheral —
function
I

Micro-computer
Figure 7 DMA -> USB transfer
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3.7 Number of External Bus -> DMA Transfer Cycles

Minimum value: 2TCLK+3CCLK

Maximum value: 3TCLK+2CCLK
*) CCLK: CPU frequency TCLK: External bus frequency

External
device

Flash memory

Micro-computer
Figure 8 External bus -> DMA transfer

*) For the external bus, one external bus is accessed at 3TCLK
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3.8 Number of DMA -> External Bus Transfer Cycles

a) If 3TCLK — [Transfer source -> DMA cycles] <0

1CCLK

b) If 3TCLK — [Transfer source -> DMA cycles] =

1TCLK

c) If 3TCLK — [Transfer source -> DMA cycles] =

1CCK

Minimum value: 1CCLK
Maximum value: 1TCLK+1CCLK

d) If 3TCLK — [Transfer source -> DMA cycles] => 2CCLK

1CCLK or
3TCLK — [Transfer source -> DMA cycles] or
ATCLK — [Transfer source -> DMA cycle]

*) CCLK: CPU frequency TCLK: External bus frequency

*) [Transfer source -> DMA cycles]: Number of cycles for transfer from the transfer source to the DMA For example, if
the transfer source is the RAM, the number of transfer cycles is 2CCLK according to the above table.

*) For the external bus, one external bus is accessed at 3STCLK. However, since the external bus has a write buffer,
data is written to the write buffer of the external bus at 1TCLK. Then, data written to the write buffer is written to the
external device at 3TCLK. However, since there is only one write buffer, writing to the write buffer must wait until
access to the external device is completed. Therefore, the number of cycles higher than 1TCLK is required.

Flash memory

Peripheral
function

Port

— External
device
Micro-computer j—r
Figure 9 DMA -> External bus transfer
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The numbers of transfer cycles described above are summarized under respective conditions
Minimum Maximum Remarks
value value
Peripheral function -> 1CCLK+2PCLK | 3PCLK
DMA
DMA -> Peripheral 1CCLK+2PCLK | 3PCLK
function
RAM -> DMA 2CCLK
DMA -> RAM 1CCLK
USB -> DMA 1CCLK
DMA -> USB 1CCLK
External bus -> DMA 2TCLK+3CCLK | 3TCLK+2CCLK
DMA -> External bus 1CCLK If 3TCLK — [Transfer source -> DMA cycles] < 0
1TCLK If 3STCLK — [Transfer source -> DMA cycles] = 0
1CCLK 1TCLK+1CCLK | If 3TCLK — [Transfer source -> DMA cycles] = 1CCLK
1CCLK If 3TCLK — [Transfer source -> DMA cycles] => 2CCLK
3TCLK — [Transfer source -> (For details, see the timing chart example.)
DMA cycles]
3TCLK — [Transfer source ->
DMA cycles]

CCLK: CPU frequency

PCLK: Peripheral function frequency

TCLK: External bus frequency

Number of cycles for transfer from the transfer source to the DMA For example, if

[Transfer source -> DMA cycles]

the transfer source is the RAM, the number of transfer cycles is 2CCLK according to the above table
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4 Calculation Examples
The maximum and minimum values are obtained using the number of transfer cycles under each condition above and
expression (1) in 2.1.
4.1 Peripheral Function -> DMA -> RAM
The maximum value is calculated as follows:
[DMA transfer cycles] = [Transfer source -> DMA cycles] + [DMA -> Transfer destination cycles]
=3PCLK + 1CCLK
The minimum value is calculated as follows:
[DMA transfer cycles] = [Transfer source -> DMA cycles] + [DMA -> Transfer destination cycles]
=1CCLK + 1CCLK + 2PCLK
= 2CCLK + 2PCLK
4.2 RAM ->DMA -> Peripheral Function
The maximum value is calculated as follows:
[DMA transfer cycles] = [Transfer source -> DMA cycles] + [DMA -> Transfer destination cycles]
= 2CCLK + 3PCLK
The minimum value is calculated as follows:
[DMA transfer cycles] = [Transfer source -> DMA cycles] + [DMA -> Transfer destination cycles]
=2CCLK + 1CCLK + 2PCLK
= 3CCLK + 2PCLK

4.3 Peripheral Function -> DMA -> Peripheral Function

The maximum value is calculated as follows:

[DMA transfer cycles] = [Transfer source -> DMA cycles] + [DMA -> Transfer destination cycles]
= 3PCLK + 3PCLK
=6PCLK

The minimum value is calculated as follows:

[DMA transfer cycles] = [Transfer source -> DMA cycles] + [DMA -> Transfer destination cycles]
= 1CCLK + 2PCLK + 1CCLK + 2PCLK
= 2CCLK + 4PCLK
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5 Timing Chart Examples

Examples of the number of transfer cycles are shown below using the timing chart. However, these are examples of
the number of transfer cycles, so use “3. Number of Transfer Cycles” above to obtain the number of transfer cycles.
Since the contents are detailed, you need not read them. The audience are those who want to get deeper
understanding on the DMA transfer cycles including the internal operation.

5.1 Peripheral Function -> DMA -> RAM
HIf CCLK:PCLK=1:1

PCLK

1CCLK
R-Bus access | R1 | R2 | R3 | | R1 | R2 | R3 |
+“—>

3PCLK (Peripheral function -> DMA)

CCLK
Internal RAM access

1CCLK(DMA—RAM)

BIf CCLK:PCLK=1:2

POLK [ A U S U S S S N

ICCLK
R-Bus access | Ri | R | R3[Ra|Rs| | Ri | Re | R3[| R4| RS |

1CCLK+2PCLK (Peripheral function -> DMA)

CCLK
Internal RAM access

>
1CCLK(DMA—RAM)
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HIf CCLK:PCLK=1:3
PCLK [ [ ] [ ] [ ] [ ] [ 1 .
[ri[re[R3|[Re[Rs [ R6 ][RI Re]

TCCLK
[rRi [Re| R3[| Ra[RS[Re[Rr][Rel]

R-Bus access
2CCLK+2PCLK (Peripheral function -> DMA)

1CCLK(DMA—RAM)

1=

Internal RAM access
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5.2 RAM -> DMA -> Peripheral Function
B If CCLK:PCLK=1:1

CCLK

1CCLK
<——>

Internal RAM access “ m

+—>
2CCLK(RAM -> DMA)

PCLK

R-Bus access [ wi [ w2 | ws| [ wi [ w2 | ws|

+“—r
3PCLK(DMA -> Peripheral function)

B If CCLK:PCLK=1:2

CCLK

1CCLK
Internal RAM access
+—>

2CCLK(RAM -> DMA)
LS (N S B I U S S I S I B

R-Bus access [wi w2 |ws|wa|[ws]we| [wi [ w2 [ws|wal[ws]we]

N >
3PCLK(DMA -> Peripheral function)

B If CCLK:PCLK=1:3

CCLK
1C
Internal RAM access m

2CCLK(RAM > DMA)
P || i [ [ i [ L

R-Bus access [wi [ we [ ws|wa|ws[ws|wr| [wi [ we [ ws | wa|ws[we|wr|

1CCLK+2PCLK(DMA -> Peripheral function)
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5.3 Peripheral Function -> DMA -> Peripheral Function

B If CCLK:PCLK=1:1

POLK Ly L
1CCLK
R-Bus access R1 R2 R3 Wi1 W2 W3 R1 R2 R3
< > < >
3PCLK (Peripheral function 3PCLK (DMA -> Peripheral
-> DMA) function)

P aNipipininininiph

B If CCLK:PCLK=1:2

.= U S S I s I S e e

1CCLK
<
R-Bus access LR1 R2 | R | R4 | R5 | R6 | W1 | W2 | W3 | W4 | W5 | W6 | R
> < >

3PCLK (Peripheral function > DMA)  3PCLK (DMA -> Peripheral function)

e [ UUUULDUULTLUL

B If CCLK:PCLK=1:3

ok || | | [ | | || L

1CCTK
R-Bus access | Ri \Rz\R3|R4\R5|R6|R7|R3\R9|w1\wz\w3|W4\W5\ws|w7\ws\wg|R1\
3PCLK(Penpheral function -> DMA) <3PCLK( DMA -> Peripheral function)

CCLK
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5.4 RAM ->DMA -> RAM

coLk NElERERERERERERE N
1CCTK
<>

Internal RAM access | RT | R2 [ Wi | R1 | Rz [wi | Rt [ R2 | wi
—r—>

2CCLK(RAM -> DMA) 1CCLK(DMA -> RAM)

5,5 USB ->DMA -> RAM

CCLK

USB access

R1

1ECffK(USB -> DMA)

Internal RAM
access

R1 R1 R1 R1

<“—>
1CCLK(DMA -> USB)

5.6 RAM ->DMA -> USB

Wi

Wi Wi Wi

coLK JEpEREREREREEEE
Internal RAM access R1 R2 R1 R2 R1 R2
2CCLK(RAM -> DMA)
USB access Wi Wi Wi
+—

1CCLK(DMA -> USB)
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5.7 External bus -> DMA -> RAM
B If CCLK:TCLK=1:1

o ] | | I—
oo L |
o | |

1CCLK

External bus access [ R1 | R2 | R8 | R4 | Rs5 | | Rt [R2 [ R3 | R4 | RS |
< -

2TCLK+3CCLK(External bus -> DMA)

Internal RAM access
<+—>

1CCLK(DMA -> RAM)

B If CCLK:TCLK=1:2

TR N o O B N N p B I
s ] ] —

1CCLK
<—>

| Ri [R2 | R3| R4 | RS |Re|R7|

»
»

External bus access | Ri | R [ R3|R4|Rs|Re| R

2TCLK+3CCLK(External bus -> DMA)

CCLK
Internal RAM access

+“—>
1CCLK(DMA -> RAM)
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B If GCLKTCLK=13

i EE o I o N o O o R N n N
| ]

1CCLK
<>

External bus acoess [Ri|rRe|rRs|re|rs |Ro |[R7|Re|Ro[rio[Rrit| [Ri|Re|Rs|Re|Rs|Re|Rr|Re|Ro|rio]Rrit]

3TCLK+2CCLK(External bus -> DMA)

Internal RAM access

—
1CCLK(DMA -> RAM)

B If CCLKTCLK=1:4

i i i i i i

External bus access

Ri | Re | Re | Ra | Rs [ me | R7 [ Re [ Ro [Rmio|Rrit| [ Ri[Re|Rs | Re[Rs|Re[Rrr|renro[riofri]

9TCLK+3CCLK(External bus -> DMA)

CCLK
Internal RAM access

“—>
1CCLK(DMA -> RAM)
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5.8 RAM ->DMA -> External Bus Since the write buffer is
provided, data is read from the
M [f CCLK:TCLK=1:1 internal RAM during writing to
CCLK
1
<
nteral RAMaccess | R1 | R2 | | R1 | Rz ] [rRi[R2|  [Ri[Re]
4+—>
2CCLK(RAM -> DMA) 2CCLK
TCLK

CSnX |

-
ASK L L L L
L

WRnX |
3TCLK(Write buffer -> External device) . 3TCLK e ok >< 3TCLK >
. <> <+—>
1TCLK(DMA -> Write buffer) 1CCLK+1TCLK

Writing to the write buffer must wait
until writing to the external device is
completed.

Data is written to the write buffer at
1TCLK.

If 3STCLK - [Transfer source -> DMA cycles] = 1CCLK,
writing takes "1CCLK" or "1CCLK+1TCLK",

WWW.Cypress.com Document No. 002-06375 Rev.*A 18
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B If GOLK:TCLK=1:2

CCLK
1CCLK

P
Internal RAM access | Ri | R2 | | R1 | R2 | m

2CCLK(RAM ->DMA)

TouK [ I I ) Y O e D R D R

CsnX |
ASX
WRnX
3TCLK(Write buffer -> External device)
External bus access [wi | w2 | ws | wa | ws | we |
1CCLK(DMA -> Write buffer) STCLK(DMA -> Write buffer) CLK(DMA -> Write biffer)

. . . Writing to the write buffer must wait
Data is written to the write buffer at

1TCLK. until writing to the external device is

completed.

If 3TCLK - [Transfer source -> DMA cycles] => 2CCLK,
writing takes 1TCLK or "3TCLK - [Transfer source -> DMA cycles]" or
"ATCLK - [Transfer source -> DMA cycles]".
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B If CCLK:TCLK=1:3

CCLK

1CCLK

Internal RAM access . R1 | R2 | | Ri | R2 |

2CCLK(RAM ->DMA)

Touk [ | | [ | | [ [L

CSnX \

pox L L L
WRnX -

3TCLK(Write buffer -> External device) 3TCLK
External bus access [we [z [ wa [ wa [ws [ we [ wo [ we [ wo [wio [w {we [ wa | wa | ws [ we | wr]
1CCLK(DMA -> Write buf 3TCLK+1CCLK(DMA -> Write buffer) 2TCLK+1CCLK(DMA -> Write buffer)

B If CCLK:TGLK=1:4

CCLK

1CCLK

Internal RAM access |®F{1 | R2 | | R1 | R2 | m

2CCLK(RAM -> DMA)

ToLK [ ] [ ] [ ] [ ] [ ] [ L
csnX |

ASX

WRnX |

3TCLK(Write buffer -> External device)

External bus access [wi [wz [ wa|we[ws|ws[wr[we[|ws[wio]wi]wi2]wis|wi]
1CCLK(DMA > Write boffer] 3TCLK+2CCLK(DMA -> Write buffer)
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Since the write buffer is provided, data
is read from the peripheral function
during writing to the external bus.

5.9 Peripheral Function -> DMA -> External Bus

| ri[Re| R

B If CCLK.TCLK:PCLK=1:1:1

| ri [ R | R

PCLK
R-Busaccess | Rl | R2 | R3 | | ri | R | R
3PCLK(Per1pheral functlon ->DMA)
[ ] [
L

CSnX
ASX
WRnX
3TCLK(Write buffer -> External device) 3TCLK

External bus access

1TCLK(DMA -> External bus)
If 3STCLK - [Transfer source -> DMA cycles]
writing takes "1TCLK".

Data is written to the write buffer at

1TCLK.

Document No. 002-06375 Rev.*A
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Since the write buffer is provided, data is read from the
B [f CCLKTCLK:PCLK=1:12 peripheral function during writing to the external buffer.

O N N e N N [T TL

1CCLK
+—>

R-Bus access R [r[rrelrs| [rifr|rs|[re|rs| [ri|r|[rR|re|r| |[ri|r|rs[re]rs]
¢ 5CCLK (Peripheral function id DMA)

| | | |
| | ||

3TCLK(Write buffer -> External devie

External bus access
+“—

1CCLK(DMA -> Write buffer)

Data is written to the write buffer at If STCLK - [Transfer source -> DMA cycles] <0,
1CCLK. writing takes "1CCLK".

B If CCLK:TCLK:PCLK=1:2:2

A< T N S 1 I A O

100K
R-Bus access [rifrr|re|ms| [ri|re|re|relns]| [ri{r|ro|re|r| [Ri|R|R|re|rs
¢ 5CCLK(Peripheral functionb ->DMA)

LS I I I s O e

CSnX

> &

© STCLK(Write buffer > External device) 3TCLK
External bus access
— —
1CCLK(DMA -> Write buffer) 1CCLK+1TCLK(DMA -> Write buffer)

If 3TCLK - [Transfer source -> DMA cycles] = 1CCLK, writing
takes "1CCLK" or "1CCLK+1TCLK".
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