To all our customers
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Keep safety first in your circuit designs!

Mitsubishi Electric Corporation puts the maximum effort into making semiconductor prod-
ucts better and more reliable, but there is always the possibility that trouble may occur with
them. Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with ap-
propriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of non-
flammable material or (iii) prevention against any malfunction or mishap.

Notes regarding these materials

These materials are intended as a reference to assist our customers in the selection of the
Mitsubishi semiconductor product best suited to the customer's application; they do not
convey any license under any intellectual property rights, or any other rights, belonging to
Mitsubishi Electric Corporation or a third party.

Mitsubishi Electric Corporation assumes no responsibility for any damage, or infringement
of any third-party's rights, originating in the use of any product data, diagrams, charts,
programs, algorithms, or circuit application examples contained in these materials.

All information contained in these materials, including product data, diagrams, charts, pro-
grams and algorithms represents information on products at the time of publication of these
materials, and are subject to change by Mitsubishi Electric Corporation without notice due
to product improvements or other reasons. It is therefore recommended that customers
contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product
distributor for the latest product information before purchasing a product listed herein.
The information described here may contain technical inaccuracies or typographical errors.
Mitsubishi Electric Corporation assumes no responsibility for any damage, liability, or other
loss rising from these inaccuracies or errors.

Please also pay attention to information published by Mitsubishi Electric Corporation by
various means, including the Mitsubishi Semiconductor home page (http://
www.mitsubishichips.com).

When using any or all of the information contained in these materials, including product
data, diagrams, charts, programs, and algorithms, please be sure to evaluate all informa-
tion as a total system before making a final decision on the applicability of the information
and products. Mitsubishi Electric Corporation assumes no responsibility for any damage,
liability or other loss resulting from the information contained herein.

Mitsubishi Electric Corporation semiconductors are not designed or manufactured for use
in a device or system that is used under circumstances in which human life is potentially at
stake. Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semicon-
ductor product distributor when considering the use of a product contained herein for any
specific purposes, such as apparatus or systems for transportation, vehicular, medical,
aerospace, nuclear, or undersea repeater use.

The prior written approval of Mitsubishi Electric Corporation is necessary to reprint or repro-
duce in whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions,
they must be exported under a license from the Japanese government and cannot be im-
ported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/
or the country of destination is prohibited.

Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor
product distributor for further details on these materials or the products contained therein.
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Applications
. __________________________________________________________________________________________________________________________|]

This chapter presents applications in which peripheral functions built in the M30245 are used. They are
shown here as examples. In practical use, make suitable changes and perform sufficient evaluation. For

basic use, see Chapter 2 Peripheral Functions Usage.
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Timer A Applications

3.1 Long-Period Timers

Overview In this process, Timer A0 and Timer Al are connected to make a 16-bit timer with a 16-bit
prescaler. Figure 3.1.1 shows the operation timing, Figure 3.1.2 shows the connection dia-
gram, and Figures 3.1.3 and 3.1.4 show the set-up procedure.

Use the following peripheral functions:
» Timer mode of timer A
 Event counter mode of timer A

Specifications
(1) Set timer AO to timer mode, and set timer Al to event counter mode.
(2) Perform a count on count source f1 using timer A0 to count for 1 ms, and perform a count
on timer AO using timer Al to count for 1 second.
(3) Connect a 16-MHz oscillator to XIN.

Operation (1) Setting the count start flag to “1” causes the counter to begin counting. The counter of
timer AO performs a down count on count source fi.

(2) If the counter of timer AO underflows, the counter reloads the content of the reload register
and continues counting. At this time, the timer AO interrupt request bit goes to “1". The
counter of timer Al performs a down count on underflows in timer AO.

(3) If the counter of timer Al underflows, the counter reloads the content of the reload register
and continues counting. At this time, the timer Al interrupt request bit goes to “1”.

| = reload register content

3 FFFFie] (1) Start count (2) Timer AO underflow (3) Timer A1 underflow

oo | s R b

o< '

<

cQ :

£ S : :

E 8 : 5

0000161 L\ |

g n = reload register ‘content

S~ H |

83 FFFFis ! Start count.

<4< f

< =

58 n

g c

=S 00001 : : ‘ ;

| Setto“l” by software i Cleard “0” by software L Time
' wn : : ; I T :
Timer AO count 1 T : |—
start flag “Qr—t : 3 X
: : o1 Setto"1" by software
Timer Al count  “1” ' ;
start flag “0” : : ; : :
Timer AO interrupt “1” ! m m |_| |_| |_| ]
request bit ‘0" \ * f : * / /
Cleared to “0” when interrupt request is accepted, or cleared by software

Timer Al interrupt “1” ,—|

request bit “«

Figure 3.1.1. Operation timing of long-period timers
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i —QO
\O Used for timer mode
. T|mer AO Timer AO interrupt request bit
32 —O

fezz—0 Timer Al interrupt request bit

Used for event counter mode

Figure 3.1.2. Connection diagram of long-period timers
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Setting timer AO

b7 bo
[o]ofofofofo]ofo0]

Selecting timer mode and functions

Timer AO mode register [Address 039616]
TAOMR

Selection of timer mode

Pulse output function select bit
0 : Pulse is not output (TAOOUT pin is a normal port pin)

Gate function select bit
b4 b3
0 0 : Gate function not available (TAOIN pin is a normal port pin)

0 (Must always be “0” in timer mode)

Mitsubishi Microcomputers

M30245 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Count source select bit b73 bs| Count Count source period
b7 b6 1 source |f(XiN) : 16MHz  f(XciN) : 32.768kHz
00:f1 |

0,0 f1 62.5ns

01 fe 500ns

110/ fa 2us

1 3 1 fcaz2 976.56us

Setting counter value

(b15) (b8)
b7 b0

b7

| 3E16 |

Timer AO register [Address 038716, 038616]
7F16 TAO

Setting timer Al

b7 b0
[ofofofoofo]of1]

Selecting event counter mode and each function

Timer A1 mode register [Address 039716]
TALIMR

Selection of event counter mode

Pulse output function select bit]
0 : Pulse is not output (TA1ouT pin is a normal port pin)

Count polarity select bit

Up/down switching cause select bit
0 : Up/down flag content

0 (Must always be “0” in event counter mode)

Count operation type select bit
0 : Reload type

When not using two-phase pulse signal processing, set this bit to “0”

Continued to the next page

Figure 3.1.3. Set-up procedu
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Timer A Applications

Continued from the previous page

Setting trigger select register

| | | | | | |1|(b)0| Trigger select register [Address 038316]
TRGSR

Timer Al event/trigger select bit
b1 b0

1 0: TAO overflow is selected

Setting counter value

(b15) ©8)
= 2007 50 Timer Al register [Address 038916, 038816]
| 0316 | E716 TAL
Setting count start flag
b7 b0
DX T T T1]1] Count start flag [Address 038016]
TABSR

Timer AO count start flag
1: Starts counting

Timer Al count start flag
1: Starts counting

Start counting

Figure 3.1.4. Set-up procedure of long-period timers (2)
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3.2 Variable-Period Variable-Duty PWM Output

Overview In this process, Timer A0 and Al are used to generate variable-period, variable-duty PWM out-
put. Figure 3.2.1 shows the operation timing, Figure 3.2.2 shows the connection diagram, and
Figures 3.2.3 and 3.2.4 show the set-up procedure.
Use the following peripheral functions:
» Timer mode of timer A
* One-shot timer mode of timer A

Specifications
(1) Set timer AO in timer mode, and set timer Al in one-shot timer mode with pulse-output function.
(2) Set 1 ms, the PWM period, to timer AO. Set 500 ps, the width of PWM “H” pulse, to timer Al.
Both timer AO and timer Al use f1 for the count source.
(3) Connect a 16-MHz oscillator to XIN.

Operation (1) Setting the count start flag to “1” causes the counter of timer A0 to begin counting. The

counter of timer A0 performs a down count on count source f1.

(2) If the counter of timer AO underflows, the counter reloads the content of the reload register
and continues counting. At this time, the timer AO interrupt request bit goes to “1".

(3) An underflow in timer AO triggers the counter of timer A1 and causes it to begin counting. When
the counter of timer Al begins counting, the output level of the TA1ouT pin goes to “H”".

(4) As soon as the count of the counter of timer A1 becomes “000016”, the output level of TAlouT
pin goes to “L”, and the counter reloads the content of the reload register and stops counting.
At the same time, the timer Al interrupt request bit goes to “1”.

3.8 RENESAS
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| = reload register content

(1) Timer AO start count

& FFFF16 : (2) Timer AO underflow
c ' '
= o ' \
83 N I R B
o= '
<z
[ ; ' !
€ Cc ‘ H )
F 8 :
000016 : Ll ‘ L| | | >
- n = reload register content ; i . Time
o) ; ) H ' : i
IS ‘ (3) Timer Al start count
3% FFFRis[ | — - ; : ! i
a< 3 ; (4) Timer Al stop count ! 2 3
= ni o Fl_l—‘ L Pl L :
ol : ! : ! :
€< ; : I—l ! I—l : I—l :
iZ 8 000116 ; ‘ ‘ 1 ; - ; >
| Sef to “1” by software g ; ; | i : i Time
Timer AO count 1" ‘ : : : : ; : ' :
start flag “Q”

1Set to “1” by software

Timer Al count “1” ‘

start flag ‘0"

PWM pulse output > | | | i | f | I
from TAlout pin = «» : ' : | : ' :
Timer AO interrupt  “1” l_: i :

request bit “Q” i : A

Cleared to “0” when interrupt request is accepted, or cleared By software
Timer Al interrupt 1" j |

request bit “g |_|\ W W

Cleared to “0” when interrupt request is accepted, or cleared by software

Figure 3.2.1. Operation timing of variable-period variable-duty PWM output

f1
Used for timer mode (Set to period)
fs —QO
Timer AO interrupt request bit
f22 —QO
fcae2—O

Used for one-shot timer mode (Set to “H” width)

Timer Al interrupt request bit

Figure 3.2.2. Connection diagram of variable-period variable-duty PWM output

RENESAS 3.9

RenesasTechnology Corp.



8t ((\eﬁ\‘ Preliminary Specifications REV.A Mitsubishi Microcomputers

0(;@\& Specifications in this manual are tentative and subject to change. M30245 group
S .. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Timer A Applications

Setting timer A0

4 N

Selecting timer mode and functions

b7
[ofofofofofo]o]

bg Timer A0 mode register [Address 039616 ]
| TAOMR

Selection of timer mode

L—— Pulse output function select bit
0 : Pulse is not output (TAOOUT pin is a normal port pin)

Gate function select bit
b4 b3

0 0: Gate function not available (TAOIN pin is a normal port pin)

0 (Must always be “0” in timer mode)

Count source select bit b7} be| Count Count source period
b7 b6 ‘ source |f(XIN) : 16MHz  f(XciN) : 32.768kHz
00— g 62.5ns

0,1 fs 500ns

1 0| fa2 2us

1 1 1 fcaz2 976.56us

Setting counter value

(b15) (b8)

b7 b0 b7 9 Timer AO register [Address 038716, 038616]
| 3E16 | 7F16 TAO

Setting timer A1
a N

Selecting one-shot timer mode and functions

b7 b0
Lofofofz]o]s]e]o

Timer A1 mode register [Address 039716 ]
TALIMR

Selection of one-shot timer mode

—— Pulse output function select bit
1: Pulse is output

—— External trigger select bit (Invalid when choosing timer's overflow as trigger)

—————— Trigger select bit
1: Selected by event/trigger select register

0 (Must always be “0” in one-shot timer mode)

Count source select bit b73 b6 Count Count source period
b7 b6 ‘ source | f(XiN) : 16MHz  f(XcIN) : 32.768kHz
00:ft ——————— 557 62.5n5

0,1 i:] 500ns

10| fa2 2us

11| fem 976.564s

Continued to the next page

Figure 3.2.3. Set-up procedure of variable-period variable-duty PWM output (1)
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Timer A Applications

Continued from the previous page

Setting trigger select register

| | | | | | |1|(b)0| ggg;rqselectregister [Address 038316]

Timer Al event/trigger select bit
bl b0
10: TAO overflow is selected

Setting one-shot timer's time
(b15) (b8)
b7 b0 b7 50 Timer Al register [Address 038916, 038816]
| 1F16 | 4016 TAL
Setting count start flag
b7 b0
|><|><|><| | | | 1 | 1 | Count start flag [Address 038016]
TABSR
Timer AO count start flag
1: Starts counting
Timer Al count start flag
1: Starts counting

Start counting

Figure 3.2.4. Set-up procedure of variable-period variable-duty PWM output (2)
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3.3 Delayed One-Shot Output

Overview The following are steps of outputting a pulse only once after a specified elapse since an external
trigger is input. Figure 3.3.1 shows the operation timing, Figure 3.3.2 shows the connection dia-
gram, and Figures 3.3.3 and 3.3.4 show the set-up procedure.

Use the following peripheral function:
* One-shot timer mode of timer A

Specifications
(1) Set timer A0 in one-shot timer mode, and set timer Al in one-shot timer mode with pulse-
output function.
(2) Set 1 ms, an interval before a pulse is output, in timer AQ; and set 50 ps, a pulse width, in timer
Al. Both timer AO and timer Al use f1 for the count source.
(3) Connect a 16-MHz oscillator to XIN.

Operation (1) Setting the trigger select bit to “1” and setting the count start flag to “1” enables the counter of
timer AO to count.

(2) If an effective edge, selected by use of the external trigger select bit, is input to the TAOIN pin,
the counter begins a down count. The counter of timer AO performs a down count on count
source f1.

(3) As soon as the counter of timer AO becomes “000016”, the counter reloads the content of the
reload register and stops counting. At this time, the timer AO interrupt request bit goes to “1”.

(4) An underflow in timer AO triggers the counter of timer A1 and causes it to begin counting.
When timer Al begins counting, the output level of the TAlouT pin goes to “H".

(5) As soon as the counter of timer A1 becomes “000016”, the output level of the TALouT pin
goes to “L”", the counter reloads the content of the reload register, and stops counting. At this
time, timer Al interrupt request bit goes to “1”.
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| = reload register content
(1) Count enabled

(2) Timer AO start count
*g FFFF16 ' (3) Timer AO stop count
> /><\ '
S I
o=
= o
ol : : :
€ c ! ! H ' '
=8 L |
000116 L L| . L‘ ‘ - -
9] n = reload register content : Time
c : : : . '
§ g FFFF1s (.4) Timer A1 start count |
as ! ! —p (5) Timer Al stop count:
<z . : - j - R
— n | | | ' '
ol i 1 ! i |
= b : LI_‘ : 3 LI_‘
F8 ooots| | f f 3 : -
| Setto“l” by software 5 3 : : Time
Y : : : : | :

Timer AO count upn f T
start flag 0" : Setto “1" by software

Timer Al count 1" e
start flag ‘0"
Input signal from ~ “H” ' : : '
TAOIN pin “L |—| 1ms ; L | 50ps | L
PWM pulse output ~ - 1 i
from TAlout pin E : ‘ ‘
Timer AO interrupt (1) '
request bit ' \ /( :
) ) Cleared to “0” when interrupt request is accepted, or cleared by software
Timer Al interrupt =~ «q» : ]
request bit “Q” : \

Cleared to “0” when interrupt request is accepted, or cleared by software

Figure 3.3.1. Operation timing of delayed one-shot output

TAOIN pin input
f1

fs —O

Timer A0 interrupt request bit
f&2 —O
fcaea——O

Timer Al interrupt request bit

l Used for one-shot timer mode

Used for one-shot timer mode

Figure 3.3.2. Connection diagram of delayed one-shot output
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Setting timer AO

TAO

Continued to the next page

Selecting one-shot timer mode and functions
b7 b0
Timer AO mode register [Address 039616]
[ofofofzfofofafof raomr
Selection of one-shot timer mode
—— Pulse output function select bit
0 : Pulse is not output (TAOoUT pin is normal port pin)
- External trigger select bit
0 : Falling edge of TAOIN pin's input signal
- Trigger select bit
1: Selected by event/trigger select register
L 0 (Must always be “0” in one-shot timer mode)
Count source select bit b7 g Count Count source period
"(;BG_ " source [f(XiN) : 16MHz  f(XcIN) : 32.768kHz
' 0/0]| f 62.5ns
0,1 fs 500ns
10 fa2 2us
101 fe 976.56)s
Setting one-shot start flag
(Select TAOIN pin to input TAO trigger)
b7 b0
| | | 0 | | | | | | One-shot start flag [Address 038216]
ONSF
\— Reserved bit (Must always be “0")
Timer AO event/trigger select bit
b7 b6
00 : Input on TAOIN is selected (Note)
\\ Note: Set the corresponding port direction register to “0”. /
Setting delay time
(b15) (b8)
b7 b0 b7 b0
| 3E16 | 3016 Timer AO register [Address 038716, 038616]

Figure 3.3.3. Set-up procedure of delayed one-shot output (1)
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Continued from the previous page
Setting timer Al

4 N

Selecting one-shot timer mode and functions

b7 bo
[ofofo]z]ofz]1]o

Timer A1 mode register [Address 039716]
TAIMR

Selection of one-shot timer mode

Pulse output function select bit
1: Pulse is output (TAlouT pin is pulse output pin)

External trigger select bit
Invalid when choosing timer's overflow

Trigger select bit
1: Selected by event/trigger select register

0 (Must always be “0” in one-shot timer mode)

Count source select bit b73 bg| Count Count source period
%786 " 1 source [f(Xiv) : 16MHz f(XciN) : 32.768KHz
: —_—— -
0.0 f1 62.5ns
01 f8 500ns
1:0 fa2 2us
101 fea 976.56s
Setting trigger select register
(Set timer AOQ to trigger timer A1)
b7 b0 . .
| | | | | | | 1| 0 | Trigger select register [Address 038316]
TRGSR
Timer Al event/trigger select bit
b1 b0
10: TAO overflow is selected

Setting one-shot timer's time

(b15) (b8)
b7

bo o7 % Timer Al register [Address 038916, 038816]
| 0316 | 2016 TAL

Setting count start flag

[>b7<[><D<| [ T J1] T| (T:X;rg statt flag [Address 038016]

Timer AO count start flag
1: Starts counting

Timer Al count start flag
1: Starts counting

Start CE)unting

Figure 3.3.4. Set-up procedure of delayed one-shot output (2)
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3.4 Buzzer Output

Overview The timer mode is used to make the buzzer ring. Figure 3.4.1 shows the operation timing, and
Figure 3.4.2 shows the set-up procedure.
Use the following peripheral function:
» The pulse-outputting function in timer mode of timer A.

Specifications
(1) Sound a 2-kHz buzz beep by use of timer AO.
(2) Effect pull-up in the relevant port by use of a pull-up resistor. When the buzzer is off, set the
port high-impedance, and stabilize the potential resulting from pulling up.
(3) Connect a 16-MHz oscillator to XIN.

Operation (1) The microcomputer begins performing a count on timer AO. Timer A0 has disabled interrupts.
(2) The microcomputer begins pulse output by setting the pulse output function select bit to
“Pulse output effected”. P70 changes into TAOoOUT pin and outputs 2-kHz pulses.
(3) The microcomputer stops outputting pulses by setting the pulse output function select bit to
“Pulse output not effected”. P70 goes to an input pin, and the output from the pin becomes
high-impedance.

(1) Start count (2) Buzzer output ON (3) Buzzer output OFF

Timer AO ; :
overflow timing ' .
S : :
Count start flag J : ' !
“o” N ! 1

Pulse output E : :
function select bit - : ,

uqn 1 '

P70 output ' — \J_I_I_I_I_I_I_I_/: —
wr ; High-impedance : i High-impedance

Figure 3.4.1. Operation timing of buzzer output
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Initialization of timer AO

b7 bo . .
[ofoJofofofofofo] m:)?vrlgo[/:ndoddr(;srg%ggegm]

Selection of timer mode

Pulse output function select bit
0 : Pulse is not output (TAOout pin is a hormal port pin)

Gate function select bit
b4 b3
0 0 : Gate function not available (TAQin pin is a normal port pin)

0 (Must always be “0” in timer mode)

Count source select bit b73 bs Count Count source period
16785_ i | source |f(XiN) : 16MHz  f(XciN) : 32.768kHz
: —_— L
0.0 f1 62.5ns
0.1 fs 500ns
1:0 fa2 2us
11| fos 976.56(s
b15 b8 b7 50 Timer AO register
| OF16 | 9F16 | TAO [Address 038716, 038616]
b7 b0
b7 b0
|><[><|><| | | | | 1| Count start flag [Address 038016]
TABSR

Timer AO count start flag
1: Starts counting

Initialization of port P7 direction register

|h7| | | | | | |k())0| Port P7 direction register [Address 03EF16]

PD7

Port P70 direction register
0 : Input mode

- —

Buzzer ON
b7 b0
| | | | | | 1| | | Timer AO mode register [Address 039616 ]
TAOMR
Pulse output function select bit
1: Pulse is output (Port P70 is TAOoUT output pin)
Buzzer OFF
b7 b0 ) )
| | | | | | 0 | | | Timer AO mode register [Address 039616 ]
TAOMR

Pulse output function select bit
0 : Pulse is not output

Figure 3.4.2. Set-up procedure of buzzer output

RENESAS 3.17

RenesasTechnology Corp.



8t ((\eﬁ\‘ Preliminary Specifications REV.A Mitsubishi Microcomputers

\i;qe\& Specifications in this manual are tentative and subject to change. M30245 group
Timer A Applications SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

3.5 Solution for External Interrupt Pins Shortage

Overview The following are solution for external interrupt pins shortage. Figure 3.5.1 shows the set-up
procedure.
Use the following peripheral function:
« Event counter mode of timer A

Specifications
(1) Inputting a falling edge to the TAOIN pin generates a timer AO interrupt.

Operation (1) Settimer AO to event counter mode, set timer to “0”, and set interrupt priority levels in timer AO.
(2) Inputting a falling edge to the TAOIN pin generates a timer AO interrupt.
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Initialization of timer AO

b7 b0 . .
[oT o[ o o[0T O 2] 7RGwR (acdress 63615

Selection of event counter mode

Pulse output function select bit
0 : Pulse is not output (TAOout pin is a normal port pin)

Count polarity select bit
0 : Counts external signal's falling edge

Up/down switching cause select bit
0 : Up/down flag's content

0 (Must always be “0” in event counter mode)

Count operation type select bit
0 : Reload type

When not using two-phase pulse signal processing, set this bit to “0”

b15 b8 b7 2 Timer AO register
| 0016 | 0016 | TAO [Address 038716, 038616]
b7 bo

| | | | | | | |;0| Up/down flag [Address 038416]
UDF

Timer AO up/down flag
0 : Down count

|>h7<|><|><| | | | | liol ?Xténst Rstart flag [Address 038016]
Timer AO count start flag
1 : Starts counting

|b(; | 0 | 0 | | | | | bol One shot start flag [Address 038216]

ONSF

‘ Reserved bit (Must always be “0")
Timer AO event/trigger select flag
b7 b6
00 : Input on TAOIN is selected (Note 1)

Note: Set the corresponding port direction register to “0”.

Setting interrupt priority levels in timer AO

b0

b7
|><|><|><|><| | | | | Timer AO interrupt control register [Address 005416]
TAOIC

Interrupt control level (set a value 1 to 7)

Initialization of port P7 direction register

| | | | | | | 0 | bol Egr; P7 direction register [Address 03EF16]

Port P71 direction register
0 : Input mode

C Setting interrupt enable flag (I flag) )

Y

Figure 3.5.1. Set-up procedure of solution for a shortage of external interrupt pins
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3.6 Memory to Memory DMA Transfer

Overview The following are steps for changing both source address and destination address to transfer
data from memory to another. The DMA transfer utilizes the workings that assign a higher priority
to the DMAO transfer if transfer requests simultaneously occur in two DMA channels. Figure
3.6.1 shows the operation timing, Figure 3.6.2 shows the block diagram, and Figures 3.6.3 and
3.6.4 show the set-up procedure.

Use the following peripheral functions:

e Timer mode of timer A

* Two DMAC channels

* One-byte temporary RAM (address 080016)

Specifications

(1) Transfer the content of memory extending over 128 bytes from address F600016 to a 128-
byte area starting from address 0040016. Transfer the content every time a timer AQO interrupt
request occurs.

(2) Use DMAO for a transfer from the source to built-in memory, and DMAL1 for a transfer from
built-in memory to the destination.

Operation (1) A timer A interrupt request occurs. Though both a DMAO transfer request and a DMAL trans-
fer request occur simultaneously, the former is executed first.
(2) DMAQO receives a transfer request and transfers data from the source to the built-in memory.
At this time, the source address is incremented.
(3) Next, DMAL receives a transfer request and transfers data involved from built-in memory to
the destination. At this time, the destination address is incremented.

(1) Transfer request generation (3) Start DMAL transferring
; (2) Start DMAO transferring E ,
Timer AO S :
transfer request “0” : !
; Source address Source address
Address bus >< F600016 >< 080016 X 080016 >< 0040016 ><
Destination address Destination address

'
T \
1 ’
' v ’
\ ’
[
'

RD signal w0

WR signal

Instruction cycle DMAO operation DMAL operation

1

Note 1: The DMAO operation and DMAL operation are not necessarily executed in succession
due to the a cycle steal operation.

Note 2: The instruction cycle varies from instruction to instruction.

Note 3: Since the parts of the RD and WR signals shown in short-dash lines vary in step with
writing to the internal RAM, waveforms are not output to the RD and WR pins.

Figure 3.6.1. Operation timing of memory to memory DMA transfer
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Source area Destination area
F600016 > —» F600016 content
' g —» F600116 content
> — F600216 content
F607F16 >| Temporary RAM I > F607F16 content
80016
Data transfer by DMAO Data transfer by DMA1

0040016

0047F16

Figure 3.6.2. Block diagram of memory to memory DMA transfer
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Initialization of DMAO

b7

bo

b7 b0 ) b7 b0 .
DMAQ request cause select register DMAO control register
of1]1]0|1(1
[oDXDX]ofo]1]0] 0] pmost address 03881s] XIXTofe]1fo]1]1] Svocon [Address 002C16]
\_‘_‘_‘_L DMA request cause select bit Transfer unit bit select bit
b4b3b2b1b0 1: 8 bits
00100:Timer AD —— Repeat transfer mode select bit
1 : Repeat transfer
ngtmslzrf'tawztgﬁsri%?e?atn?al:ated DMA request bit
: 9 0 : DMA not requested
DMA enable bit
1: Enabled
Source address direction select bit
1: Forward
Destination address direction
select bit
0 : Fixed
b23 b16b15 b8 b7 b0
| OF16 | 6016 | 0016 | DMAO source pointer ~ SARO  [Address 002216, 002116, 002016]
b7 b0 b7 b0
b23 b16b15 b8 b7 b0
| 0016 | 0816 | 0016 | DMAO destination DARO  [Address 002616, 002516, 002416]
pointer
b7 b0 b7 b0
b15 b8 b7 b0
| 0016 | 7F16 | DMAO transfer counter TCRO  [Address 002916, 002816]
b7 b0
Initialization of DMA1
DMAO request cause select register DMAL1 control register
| 0 |><|><| Ol Ol 1 | Ol Ol DM1SL [Address 03BA16] |><|><| 1| 0| 1 | Ol 1 | 1 | DM1CON [Address 003C16]
DMA request cause select bit Transfer unit bit select bit
b4b3b2b1b0 1:8hits
00100:Timer A0 L—— Repeat transfer mode select bit
1: Repeat transfer
Software DMA request bit DMA request bit
0 : Software is not generated 0 : DMA not requested
DMA enable bit
1: Enabled
Source address direction select bit
0 : Fixed
Destination address direction
select bit
1: Forward
b23 b16b15 b8 b7 b0
| 0016 | o8 | 0016 |  DMA1 source pointer  SAR1  [Address 003216, 003115, 003016]
b7 b0 b7 b0
b23 b16 b15 b8 b7 b0
| 0016 | 0416 | 0016 | DMAL destination DARL [Address 003616, 003516, 003416]
b7 b0 b7 b0 pointer
b15 b8 b7 b0
| 0016 | 7F16 | DMAL transfer counter TCR1 [Address 003916, 003816]

Continued to the next page

Figure 3.6.3. Set-up procedure of memory to memory DMA transfer (1)
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a N

Initialization of timer AO

b7 b0 . )
[oToToTo o o o 0] Tagwa Adaress 930016
Selection of timer mode

— Pulse output function select bit
0 : Pulse is not output (TAOOUT pin is a normal port pin)

Gate function select bit
b4 b3

0 0: Gate function not available (TAOIN pin is a normal port pin)

L 0(Mustalways be “0” in timer mode)

Count source select bit b7 be| Count Count source period
b7 b6 | source [f(XiN) : 16MHz  f(XcIN) : 32.768kHz
00:f1 To 0] n 62.5ns

01 f8 500ns
1.0 fa2 2us
101 fes 976.56)s

b15 b8 b7 b0 . .

3E16 OF16 | Timer AO register

= = TAO [Address 0387, 038616 ]

b7 b0

|>q>q><| | | | | ll Count start flag [Address 038016]

TABSR

Timer AO count start flag
1 : Starts counting

Figure 3.6.4. Set-up procedure of memory to memory DMA transfer (2)

RENESAS 3-23

RenesasTechnology Corp.



8t ((\eﬁ\‘ Preliminary Specifications REV.A Mitsubishi Microcomputers

‘f;qe\& Specifications in this manual are tentative and subject to change. M30245 group
CRC Snoop Function Applications

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

3.7 CRC Calculation SFR Access Snoop Function in Clock Synchronous Serial Data Transmit

Overview The M30245 group, by use of DMAC, transfers data from the internal RAM to the UART1 and the
result is transferred to the UART1 by use of SFR access snoop function. The block diagram is
shown in Figure 3.7.1 and the setting routine is shown in Figure 3.7.2 to Figure 3.7.4.

The peripheral functions to be used are as follows:

* DMAC 1 Channel

« Internal RAM (address 0040016) 512 bytes

* UART1 (Clock synchronous serial I/O mode)

* CRC calculation circuit

* SFR access snoop function

Specifications
(1) Data transfer is performed starting at address 0040016 from the area with 512 bytes to the

UARTL. Data are transferred from area between the address 0040016 and the 512nd byte to
the UART1. Transfer is executed every time 1 byte of serial transmit is completed.

(2) Use the DMAO to transfer data from the internal RAM to the UARTL1. Select the UART1
transmit to the DMAO request factor. Select the single transfer mode and set the DMAO
transfer counter to 511 bytes (512-1).

(3) Set the CRC calculation circuit to the CRC-CCITT and set CRC snoop address register to the
address of UARTL1 transmit buffer register (write snoop).

(4) On completing the DMA, 2-byte data of CRC data register (calculation result) are transferred
to the UART1 and operation is completed.

Operation
(2) Initialize the UART1 related registers.

(2) Initialize the DMAQO related registers in DMA disable state.

(3) Set the DMAO transfer counter to the transfer data consisting of 511 bytes (in this case, 8-bit
transfer).

(4) Initialize the CRC calculation circuit and the SFR access snoop function.

(5) Set the software DMA request bit of DMAO to “1". At this time, 1st byte data are transferred
from RAM to the transmit buffer of the UART1. Simultaneously, the transfer source address
is incremented and the content of the transfer counter is down-counted. The transferred data
are automatically written in CRC input register by the SFR access snoop function.

(6) When the transmit buffer of the UART1 becomes writable state, the DMA transfer request is
occurred by the UARTL. At this time, the next data are transferred from RAM to the transmit
buffer of the UARTL1. Simultaneously, the transfer source address is incremented and the
content of the transfer counter is down-counted. The transferred data are automatically writ-
ten in CRC input register by the SFR access snoop function.

(7) As a result of repetition of the above (6), when the DMAO transfer counter underflow, DMA
enable bit is set to “0” to complete the DMAO transfer. Simultaneously, the DMAO interrupt
request occurs. When the DMAQO interrupt request is detected, CRC data register (2 bytes) is
read, it is transferred to the UARTL1 transmit buffer sequentially.

3.24 RENESAS

RenesasTechnology Corp.



& ((\ed& Preliminary Specifications REV.A Mitsubishi Microcomputers
O o® Specifications in this manual are tentative and subject to change. M30245 group

2
. . . SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
CRC Snoop Function Applications

M30245
Source area
Contents of 1st byte )
0040016 | o nsmission data 4 CRC input register
Contents of 2nd byte
transmission data —>
Contents of 3rd byte A\
transmission data 1 4
Snoop the address of )
UART1 transmit buffer register
UART1 transmit -
1 ‘ 1
005FF16 ggﬂéﬂtsss%nséi%g byte 14 buffer register ' 4 'I('jr:tr;smlssmn
DMAO transfer

Figure 3.7.1. Block diagram of DMA transfer from RAM to UART and SFR snooping function
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e |nitialization of UART1
(See “2.3.2 Operation of Serial I/O (transmission in clock synchronous serial I/O mode” for detail.)

e Enable UART1 transmit
b7 b0 UARTL1 transmit / receive control register 1
LT T T T T T T1] ulct [Address 036D1g]

Transmit enable bit
1 : Transmit enable

e Disable DMAO

. > DMAO control register
D<I><‘ ‘ ‘0‘ ‘ ‘ ‘ DMOCON [Address 002C16]

DMA enable bit
0 : Disabled

e Setting DMAO cause select register

b7 % DMAO cause select register
[0 D<DXTOTLT 1111 0] puost [adcress 0388:4
L DMArequest cause select bits
01110:UART1 transmit
Nothing is assigned. Write “0” when writing to these bits.
Software DMA request bit
0 : Not occurred

[ e Setting DMAO control register

o7 % DMAO control register
XPXlo]1]o]0]o]1] pyocon [Address 002C16]
[ Transfer unit select bit

1: 8 bits

Repeat transfer mode select bit
0 : Single transfer

DMA request bit
0 : DMA not requested

DMA enable bit
0 : Disabled

Source address direction select bit
1: Forward

Destination address direction select bit
0 : Fixed

e Setting source pointer(internal RAM address) and destination pointer (UART1 transmit buffer)

b23 b19 b16b15 b8 b7 b0 DMAO source pOlnter
DOOQolofo[d o416 | 0016 | saRo [Address 002216 to 002016]
\—T—J

‘ ‘ Stores the internal RAM address (040016)
Nothing is assigned. Write “0” when writing to these bits.

D DIepIS bs, b7 % DMAO destination pointer
WO\O\O\O\ 0316 | 6A16 | DARO [Address 002616 to 002416]

' L Stores the address of UART1 transmit buffer register (036A16)
K Nothing is assigned. Write “0” when writing to these bits.

Continued to the next page

Figure 3.7.2. Setting routine (1) of DMA transfer from RAM to UART using SFR snooping function
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e Enable DMAO

b7 b0

DMAO control register
DX T [e]o] T ] bwmocon [Address 002C16]
. DpmMA request bit
0 : DMA not requested
DMA enable bit
1: Enabled

b15 b8 b7

] 0016 \ 0016

) CRC data register
CRCD [Address 03BD16, 03BC16]

e Setting CRC mode register

b7 2 CRC mode register
L1 XDXIXDXIXDKT 0] cremr [Address 03B616]
I CRC mode polynomial selection bit
0:CRC-CCITT
CRC mode selection bit 0
1: MSB first mode

N

a e Setting CRC snoop address register

b15 b8 b7 %) .
CRC snoop address register
L2 [o XXX T ] 036A16 | CRCSRA [Address 03B516, 03B416]
L——— SFR snoop address bit
Set address: 036A16 (UART1 transmit buffer register)
CRCSAR Read

0 : Disabled
CRCSAR Write

e Set Software DMA request bit to “1” in the status that DMA enable bit is “1”

b7 bo
DMAO cause select register
’1 MN ‘ ‘ ‘ ‘ ‘ DMOSL [Address 03B816]

Software DMA request bit
1: Occurred
¢ ______________ » Transfer to CRC input register at the same
time by SFR snoop function

1st byte DMA transfer

Continued to the next page

/o Clear CRC data register \

N

\ 1: Enabled /

Figure 3.7.3. Setting routine (2) of DMA transfer from RAM to UART using SFR snooping function
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Continued from the previous page

/" e The DMA tansfer request from the 2nd byte on is occurred N
when DMA enable bit = “1” and the UART1 is in transmit request state.

------- » Transfer of the data to
CRC input register by
the SFR snoop function.

\_ DMAO transfer from the 2nd byte on Y.

LA R R R R R RN R RN RN RN RN

DMA enable bit is set to “0”
by underflow of the DMAO transfer counter.

[ e Completion of the DMAO transfer and occurrence of the DMAQO interrupt request. ]

e Transfer of the 16-bit calculation result which is stored in CRC data register
to UART1 transmit buffer register every 1 byte.

e To subsequently start the DMAO transfer:
Disable the DMAO once and set the DMAO related registers once again.

Figure 3.7.4. Setting routine (3) of DMA transfer from RAM to UART using SFR snooping function
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3.8 Transfer from USB FIFO to Serial Sound Interface

Overview The M30245 group, by use of DMAC, transfers data from the USB endpoint 1 OUT FIFO to SS
interface 1 transmit buffer register and fetches one packet data.

The block diagram is shown in Figure 3.8.1 and the setting routine is shown in Figure 3.8.2 to

Figure 3.8.4.

The peripheral functions to be used are as follows:

* DMAC 1 channel

* USB endpoint 1 OUT (Receive)

* Serial sound interface 1

Specifications

(1) Receive packet data of the endpoint 1 OUT FIFO are transferred to SS interface 1 transmit
buffer register. Transfer is executed every time the DMA transfer factor of the serial sound
interface 1 occurs.

(2) Use the DMAQO to transfer data from the endpoint 1 OUT FIFO to SS interface 1 transmit buffer
register. Select the serial sound interface 1 transmit to the DMAO request factor. Select the
single transfer mode and set the DMAO transfer counter to 1/2 O (the data count of one
packet received with endpoint 1 OUT) —1.

(3) Set the endpoint 1 OUT maximum packet size to 288 bytes (when sampling 48KHz/ 24-bit/
stereo) and disable the AUTO_CLR function. The data count of receive packet of endpoint 1
(endpoint 1 OUT write count register) is set to 288 bytes. Endpoint 1 OUT is used in isochro-
nous transfer.

(4) On completing the DMAQO transfer, fetch of one packet data from the endpoint 1 OUT FIFO is
completed by setting CLR_OUT_BUF_RDY bit of endpoint 1 to “1".

Operation

(1) Initialize the DMAO related registers in the state which DMA is disabled and USB DMAO
request register is not selected (in this case, 16-bit transfer).

(2) When the OUT_BUF_STS1 flag of endpoint 1 is set to “1” and packet data receive has been
detected, set the DMAO transfer counter to the 1/2 O (the data count of receive one packet) —1
(in this application example, 143 value is set).

(3) Set DMA enable bit of DMAOCON to “1” (DMAQO is enabled). Then, the DMAQ transfer request
from the serial sound interface occurs.

(4) When the transfer request is received, the DMAO transfers the 1st word (16-bit) data from the
endpoint 1 OUT FIFO to the serial sound interface 1. Simultaneously, the content of the
transfer counter is down-counted. Then, the DMAO transfer request from the serial sound
interface occurs .

(5) As a result of repetition of the above (4), when the DMAO transfer counter underflow, DMA
enable bit is set to “0” to complete the DMAO transfer. Simultaneously, the DMAO interrupt
request occurs. When the DMAQO interrupt request is detected, set CLR_OUT_BUF_RDY bit
of endpoint 1 OUT to “1".
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M30245
Host CPU | USB transfer | > USB endpoint 1 DMAO trans;r Serial Sound Interface 1
OUT FIFO transmit buffer register
Y
DAC

Figure 3.8.1. Block diagram of DMA transfer from USB FIFO to serial sound interface
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e Initialization USB function unit (See “2.8 USB function” for detail)

Setting USB-related registers
e Enable USB endpoint 1 OUT

(b15) (b8)
b7 b0 b7 b0

USB endpoint enable register
[o]ofo]o[ o] ofo]o] NN ML USBEPEN [Address 028E16]

EP1 OUT enable bit

1: Enabled

(b15) (b8)

b(; oTo b0 b7 0. USB Endpoint 1 OUT control and status register

’ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ EP10CS [Address 02B616]

‘ AUTO_CLR bit

0: AUTO_CLR disabled

(b15) (b8)

b7 b0 b7

b0 . .
’0‘0‘0‘0‘ O\ 0‘ O\ 1‘0‘0‘1‘0‘0‘0‘0‘0‘ USB Endpoint 1 OUT MAXP register
EP1OMP [Address 02B816]

L Setto 12016 (288 bytes)

e Initialization serial sound interface (See “2.6 Serial sound interface” for detail)

e Disable DMAO

DMAO control register
XX T o]l T [ ] pwmocon [Address 002C16]
\— DMA enable bit

0 : Disabled

e Setting DMAO cause select register
b0

b7 DMAO cause select register
[oDXP<lo[2] 2]1] 0]
\—(—/

DMOSL [Address 03B816]

——— DMA request cause select bits

01110: SSI1 transmit
Nothing is assigned. Write “0” when writing to these bits.
Software DMA request bit

0 : Not occurred

[ e Set USB DMAO request register [address 029016] to “000016” (not selected) ]

Continued to the next page

Figure 3.8.2. Setting routine (1/3) of DMA transfer from USB OUT FIFO to serial sound interface
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Continued from the previous page

f e Setting DMAO control register

b7 % DMAO control register
W‘ 0‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ O‘ DMOCON [Address 002C16]
\— Transfer unit select bit

0 : 16 bits

Repeat transfer mode select bit
0 : Single transfer

DMA request bit
0 : DMA not requested

DMA enable bit
0 : Disabled

Source address direction select bit
0 : Fixed

Destination address direction select bit
0 : Fixed

e Setting source pointer(endpoint 1 OUT FIFO data register) and destination pointer
(SS interface 1 transmit buffer register)

b23 b19 b16b15 b8 b7 b0 DMAO source pointer

N)WO\O\O\ 0\ 0216 \ E616 \ SARO [Address 002216 to 002016]
‘ . Stores the endpoint 1 OUT FIFO (Address 02E616)
Nothing is assigned. Write “0” when writing to these bits.
b plg plobis be bt % DMAO destination pointer
WO‘O\O\ 0| 0316 | 7415 | paRo [Address 002616 to 002416]

|

T

‘ ‘ Stores the SS interface 1 transmit register (Address 037416)
Nothing is assigned. Write “0” when writing to these bits.

e Checking that OUT_BUF_STS1 flag is “1” and setting the number of the transfer bytes (Note)

(b15) (b8)
b7 b0 b7 b0

| ooe | 8Fie

DMAO transfer counter
‘ TCRO [Address 002916, 002816]

Note: Set 1/2 0O (the value of Endpoint 1 OUT write count register) —1.

e Enable serial sound interface 1

b7 2 Serial Sound Interface 1 mode register O

LT T T T T T 11 ssimro [Address 037016]
Serial Sound Interface enable bit

1: Enabled
e Enable DMAO
o7 ™ DMAO control register
DD [ [1]o] | | DBwmocon [Address 002C16]
. DMA request bit

0 : DMA not requested
DMA enable bit
1: Enabled

Continued to the next page

Figure 3.8.3. Setting routine (2/3) of DMA transfer from USB OUT FIFO to serial sound interface
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Continued from the previous page

e The DMA request of the serial sound interface 1 transmit is occurred
when DMA enable bit = “1” and the OUT_BUF_STSL1 flag of endpoint 1 = “1".

DMAQO transfer of the 1st word

(AR RN R RRRRRRERE]

e DMA request from the 2nd byte on is occurred
when DMA enable bit = “1” and the OUT_BUF_STSL1 flag of endpoint 1 = “1".

DMAO transfer from the 2nd word on

DMA enable bit is set to "0"
by underflow of the DMAO transfer counter.

[ e Completion of the DMAQ transfer and occurrence of the DMAQO interrupt request. ]

e Setting CLR_OUT_BUF_RDY bit of endpoint 1 to “1” and completion of one receive
packet data fetch after confirming of the DMAO interrupt request.

(b8)

fol TTT T T Taf]

207 [T b°‘ USB Endpoint 1 OUT Control and Status register
EP10OCS [Address 02B614]

CLR_OUT_BUF_RDY bit
1 : Data set unloaded from the OUT FIFO
(updates OUT_BUF_STS1 and OUT_BUF_STSO0)

!

e To subsequently start DMAO transfer:
Disable DMAO once and set the DMAO related registers again.

Figure 3.8.4. Setting routine (3/3) of DMA transfer from USB OUT FIFO to serial sound interface
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3.9 Controlling Power Using Stop Mode

Overview The following are steps for controlling power using stop mode. Figure 3.9.1 shows the operation
timing, Figure 3.9.2 shows an example of circuit, and Figures 3.9.3 and 3.9.4 show the set-up
procedure.

Use the following peripheral functions:

» Key-input interrupts

« Stop mode

« Pull-up function

This example is not performed USB power control. Please refer section 2.7.4 for the power
control of USB related.

Specifications
(1) Use P0Oo through P03 for the scan output pins of a key matrix. Use the input pins (Klo through
KI3) of the key-input interrupt function for the key-input reading pins. The pull-up function is
also used.
(2) If a key-input interrupt request occurs, clear the stop mode and read a key.

Operation (1) Enable a key-input interrupt and set the pull-up function to pins Klo through Ki3. Change the
output of POo through P03 to “L” and enter stop mode.
(2) If a key is pressed, “L” is input to one of pins Klo through KI3 to clear stop mode. A key-input
interrupt occurs to execute the key-input interrupt handling routine.
(3) Sequentially set POo through P03 to “L” to determine which key was pressed.
(4) When the process to determine the key pressed is completed, change the output from POo
through P03 to “L” again and enter stop mode.
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(1) Shift to stop mode

(2) Cancel a stop mode

1 (3) Key scan

Key matrix scan

(4) Shift to stop mode /

POo output

PO1 output m
P02 output 171
P03 output [ U

P100 to P103 input — A Y \ Y
Key input 'KeyOFF | (KeyON [T key OFF | KeyoN

Key input I

interrupt processing ! ! !

CPU clock ‘

P P
Stop mode Stop mode

Figure 3.9.1. Operation timing of controlling power using stop mode

_— PO VREF

-t PO1

P02

P03
1/O port
% P100/ Klo
é P101/ Kl1
é P102 / Kl2
% P103/KI3

g
g
VVVVH—?

Figure 3.9.2. Example of circuit of controling power using stop mode
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< Main >
Initial condition
b7 po Pull-up control register 2 b7 bo Port PO direction register
[Address 03FE16] [Address 03E216]
DDA T2 [T JRdRe LI L[ [efafafa] 555
P100 to P103 pulled high Key scan output port
b7 bo Port P10 direction register
| | | | | Ol O| 0 | Ol [Address 03F616]
PDO b7 wo Key input interrupt control register
: [Address 004116]
Key scan input port DXDXDXDX] Too]1] KUPIC
b7 bo Port PO register o )
| | | | | 0 | 0 | 0 | 0 | [Address 03E016] Interrupt priority level select bit
PO Set higher value than the present IPL
Key scan data Processor interrupt priority level (IPL) = 0
Interrupt enable flag (1) =0
Setting interrupt except stop mode cancel
Interrupt control register SiRIC(i=0,2,3) [Address 004A16, 004216, 005516]
S13BCNIC [Address 004316]
TAIIC(i=0 to 4) [Address 005416, 004516, 004716, 005716, 005916]
EPOIC [Address 004616]
ADIC [Address 004B16]
DMIlC(i=0 to 3) [Address 004C16, 004E16, 005016, 005216]
SiTIC(i=0 to 3) [Address 005316, 005116, 004F16, 004D16]
SUSPIC [Address 005616]
RSMIC [Address 005816]
RSTIC [Address 005A16]
SOFIC [Address 005B16]
VBDIC [Address 005C16]
USBFIC [Address 005D16]
b7 b b7 po INTIIC(i=0 to 2) [Address 005F16, 004416, 005E16]
S1RIC [Address 004816]
DDA To]o] 0] D<ol [ Tofofolspzeenic  (address 00agus]
Interrupt priority level select bit Interrupt priority level select bit
000 : Interrupt disabled 000 : Interrupt disabled
—— Reserved bit
L Must always be set to “0” J
Canceling protect
b7 2 protect register [Address 000A1s]
DDDDDA0] [1] prer
Enables writing to system clock control registers 0 and 1 (addresses 000616 and 000716)
and frequency synthesizer registers (addresses 03DB16 to 03DF16)
\\ 1 : Write-enabled /
Setting operation clock after returning from stop mode
(When operating with XIN after returning) (When operating with XcIN after returning)
b7 b0 System clock control register 0 b7 bo  System clock control register O
[o] Tol T T Tol0]cmo iaddress oooeud T T TE T To]0] cvo (acress 000s:q
Reserved bit L Reserved bit
Must always be set to “0” Must always be set to “0”
Main clock (XIN-XouT) stop bit .
on Port Xc select bit )
System clock select bit XCIN-XcouT generation
XIN, XouT System clock select bit
XcIN, XcouT
As this register becomes setting mentioned above when
operating with XN (count source of BCLK is XIN), As this register becomes setting mentioned above when operating with Xcin
the user does not need to set it again. ) (count source of BCLK is XCIN), the user does not need to set it again.
When operating with XcIN, set main clock (XiN-XouT) stop bit When operating with XIN, set port Xc select bit to “1” before setting system
to “0" before setting system clock select bit to “0". The both clock select bit to “1”. The both bits cannot be set at the same time.
\ bits cannot be set at the same time. /
Continued to the next page

Figure 3.9.3. Set-up procedure of controlling power using stop mode (1)
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Continued from the previous page

< Interrupt enable flag (I flag) «— “1” >

All clocks off (stop mode)

b7
[ [ Tofofo]o]

bo
System clock control register 1 [Address 000716]
1] G

All clock stop control bit
1 : All clocks off (stop mode)

Reserved bit
Must always be set to “0”

V

NOP instruction X 4 ‘ Key input interrupt request generation

r

< Key-input interrupt >

‘ Store the registers ‘

Key matrix scan

|b7| | | | | | |b0| Port PO register [Address 03E016]
PO

Key scan data
1110, 1101, 1011, 0111

‘ Decision of key-input data

| b7| | | | 0 | Ol ol tgl Port PO register [Address 03E016]
PO

Key scan data

‘ Restore the registers ‘

< REIT instruction >

Figure 3.9.4. Set-up procedure of controlling power using stop mode (2)
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3.10 Controlling Power Using Wait Mode

Overview The following are steps for controling power using wait mode. Figure 3.10.1 shows the operation
timing, and Figures 3.10.2 to 3.10.4 show the set-up procedure.
Use the following peripheral functions:
 Timer mode of timer A
* Wait mode
A flag named “F-WIT” is used in the set-up procedure. The purpose of this flag is to decide
whether or not to clear wait mode. If F_WIT =“1" in the main program, the wait mode is entered;
if F_WIT = “0", the wait mode is cleared.

Specifications
(1) Connect a 32.768-kHz oscillator to XCIN to serve as the timer count source. As interrupts
occur every one second, which is a count the timer reaches, the controller returns from wait
mode and count the clock using a program.
(2) Clear wait mode if a INTO interrupt request occurs.

Operation (1) Switch the system clock from XIN to XCIN to get low-speed mode.
(2) Stop XiN and enter wait mode. In this instance, enable the timer A2 interrupt and the INTO interrupt.
(3) When a timer A2 interrupt request occurs (at 1-second intervals), start supplying the BCLK
from XCIN. At this time, count the clock within the routine that handles the timer A2 interrupts
and enter wait mode again.
(4) If a INTO interrupt occurs, start supplying the BCLK from XcIN. Start the XIN oscillation within
the INTO interrupt, and switch the system clock to XIN.

(1) Shift to low-speed mode
(2) Stop XIN
(3) Timer A2 interrupt (4) INTo interrupt

XouTt W\/W\/\/\/V \/WM
Timer A2 overflow |_| |_| !
;I;:gsrLﬁtZ processing I—l I—l |

High-speed ; ! ; ‘ High-speed
« e - -« >
Low-speed : Low-speed : Low-speed °  Low-speed

Figure 3.10.1. Operation timing of controling power using wait mode
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< Main >
4 Initial condition R
b7 bo
| 0 | | 0 | 1 | | 0 |0 | 0 | System clock control register 0 [Address 000616]
CMO
Reserved bit
Must always be set to “0”
—— WAIT peripheral function clock stop bit
0 : Do not stop peripheral function clock in wait mode
XcIN-XcouT drive capacity select bit
Port Xc select bit
1 : Functions as XcIN-XcouT oscillator
Main clock (XIN-XouT) stop bit
0 : Oscillating
—— Main clock divide ratio select bit 0
System clock select bit
0 : XiIN-XouT
= > Ti A2 mod i [Add 039816]
imer A2 mode register ress 16
[Tl T T ] Jolo] Timers
Operation mode select bit
b1 bo
00 : Timer mode
Count source select bit
b7 b6
11:fc32 (f(XcN) divided by 32)
b15 b8 b7 bo . X
| 0316 | FFio | Timer A2 register [Address 038A16, 038B16]
TA2
— = Clock I fl dd 038
NN NN NN N ock prescaler reset flag [Address 116
L2 DXDXDXDXIDXIXIX] Gpsrr of ]
Rrescaler is reset
b7 b0
|><|><|><| | | 1 | | | Count start flag [Address 038016]
TABSR
TAZ2 start counting
b7 b0 § . .
|><|><|><|><| | 0 | 0 | 1 | Timer A2 interrupt control register [Address 004716]
TA2IC
TAZ2 interrupt priority level
< L INTO interrupt control register [Address 005F16]
DXIXIo] | [o]of1] iroic
INTO interrupt priority level
Processor interrupt priority level (IPL) = 0
\\ Interrupt enable flag (1) = 0 /
Setting interrupt except clearing wait mode
Interrupt control register ADIC [Address 004B16]
KUPIC [Address 004116] DMIlC(i=0 to 3) [Address 004C16, 004E16, 005016, 005216]
SiRIC(i=0,2,3) [Address 004A16, 004216, 005516] SIiTIC(i=0 to 3) [Address 005316, 005116, 004F16, 004D16]
S13BCNIC [Address 004316] SUSPIC [Address 005616]
TAIIC(i=0,1,3,4) [Address 005416, 004516, 005716, 005916] RSMIC [Address 005816]
EPOIC [Address 004616] RSTIC [Address 005A16]
b7 bo SOFIC [Address 005B16]
|><I><I><I><| | 0 | 0 | 0 | VBDIC [Address 005C16]
USBFIC [Address 005D16]
Interrupt priority level select bit
b2 bl b0
000 : Interrupt disabled
b7 w INTIIC(i=1,2)  [Address 004416, 005E16]
|><|><| 0 | | | 0 | Ol Ol S1RIC [Address 004816]
S02BCNIC [Address 004916]
Interrupt priority level select bit
000 : Interrupt disabled
Reserved bit
\ Must always be set to “0” j
Continued to the next page

Figure 3.10.2. Set-up procedure of controlling power using wait mode (1)
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Continued from the previous page

4 Canceling protect N

o Protect register [Address 000A16]

b0
DDDDDA | J1] prer

Enables writing to system clock control registers 0 and 1 (address 000616 and 000716)

1 : write-enabled
- /
/Switching system clock A
| b; | | | | | | 0 | gol gﬁéem clock control register 0 [Address 000616]
Reserved bit

Must always be set to “0”
System clock select bit

\\ 1 : XciN-XcouTt /
/Stopping main clock h
|b7 | | 1 | | | | Ol bool System clock control register 0 [Address 000616]
CMO
Reserved bit

Must always be set to “0”
Main clock (XIN-XouT) stop bit
1: Off

o

[F_WIT]=1

C Interrupt enable flag (I flag) «— “1” )

lllllllllllllllllllllllllllllllllllllllllllll>

‘ WAIT instruction ‘

‘ NOP instruction X 4 ‘

INTO interrupt request generated
- })? TAZ2 interrupt request generated

Starting main clock oscillator
|'J7 | | 0 | | | | 0 | b(())| System clock control register 0 [Address 000616]
CMO

Reserved bit
Must always be set to “0”

Main clock (XIN-XouT) stop bit
0:0n

N

< Wait until the main clock has stabilized

Switching system clock

|b(; | | | | | | 0 | bgl System clock control register 0 [Address 000616]
CMO

Reserved bit
Must always be set to “0”

System clock select bit
0 : XIN-XouT

Figure 3.10.3. Set-up procedure of controlling power using wait mode (2)
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< INTO interrupt >

Store the registers

Restore the registers

< REIT in-struction >

< Timer A2 interrupt >

Store the registers

Counting clock

Restore the registers

< REIT in-struction >

Figure 3.10.4. Set-up procedure of controlling power using wait mode (3)
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