To all our customers

Regarding the change of names mentioned in the document, such as Mitsubishi
Electric and Mitsubishi XX, to Renesas Technology Corp.

The semiconductor operations of Hitachi and Mitsubishi Electric were transferred to Renesas
Technology Corporation on April 1st 2003. These operations include microcomputer, logic, analog
and discrete devices, and memory chips other than DRAMs (flash memory, SRAMs etc.)
Accordingly, although Mitsubishi Electric, Mitsubishi Electric Corporation, Mitsubishi
Semiconductors, and other Mitsubishi brand names are mentioned in the document, these names
have in fact all been changed to Renesas Technology Corp. Thank you for your understanding.
Except for our corporate trademark, logo and corporate statement, no changes whatsoever have been
made to the contents of the document, and these changes do not constitute any alteration to the

contents of the document itself.

Note : Mitsubishi Electric will continue the business operations of high frequency & optical devices

and power devices.

Renesas Technology Corp.
Customer Support Dept.
April 1, 2003
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Keep safety first in your circuit designs!

e 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).

e 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.

e 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.

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

o 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.

e 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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Preface

This manual describes the hardware of the Mitsubishi
CMOS 16-bit microcomputers 7906 Group. After
reading this manual, the user will be able to understand
the functions, so that they can utilize their capabilities
fully.

For details of software, refer to the “7900 Series Software
Manual.”

For details of development support tools, refer to the
“Mitsubishi Microcomputer Development Support Tools”
Homepage (http://www.tool-spt.maec.co.jp/index_e.htm).
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BEFORE USING THIS MANUAL

1. Constitution

This user’s manual consists of the following chapters. Refer to the chapters relevant to the products and
processor mode.

In this manual, “M37906” means all of or one of the 7906 Group products, unless otherwise noted. Each

chapter, except for Chapter 19, describes functions of the 7906 Group product at MDO and MD1 = Vss
level.

e Chapter 1. DESCRIPTION to Chapter 17. DEBUG FUNCTION
Functions which are common to all products is described.

e Chapter 18. APPLICATIONS
Example of application are described.

e Chapter 19. FLASH MEMORY VERSION
Characteristics information for the flash memory version is described.

e Appendix
Practical information for using the 7906 Group is described.

2. Remark

Product expansion
Refer to the latest datasheets or catalogs.

Electrical characteristics
Refer to the latest datasheets.

Software
Refer to the “7900 Series Software Manual.”

Development support tools
Refer to the latest datasheets or catalogs.

Please Visit Our Web Site.
¢ Mitsubishi MCU Technical Information (http://www.infomicom.maec.co.jp/indexe.htm)
» Mitsubishi Microcomputer Development Support Tools (http://www.tool-spt.maec.co.jp/index_e.htm)

3. Signal levels in Figure
As a rule, signal levels in each operation example and timing diagram are as follows.

 Signal levels

The upper line indicates “1,” and the lower line indicates “0.”
e Input/Output levels of pin

The upper line indicates “H,” and the lower line indicates “L.”

Foe the exception, the level is shown on the left side of a signal.
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4. Register structure
The view of the register structure is described below:

XXX register (address XXis)

02 01
b7 b6 b5 \o4 b3 b2 bl
T
DS—\ X

1
—
Bit Bit name Function t res R/W 03
_ \ A e () —
0 ¢« ¢ select bit 0:... Undefined| WO
1:...
The val(ie is “P” at reading.
e i b2 bl
1 select bit 00: 0 RW
01:.
2 10:. 0 RW
11:.
3 e« flag 0: 0 RO
1:...
4 | Fix this bit to “0.” / N\ o | RW
5 | This bitis invalid in ... mode. | ) 0 | rRW
6 Nothing is assigned. \ Undefined] —
7 The va(ue is)‘O" at reading. 0 —

01

02

03

04

Blank
0

1

[m]
([

0
1

Undefined

RW
RO

WO

S
\
\J\_DG \_ 04

: Set to “0” or “1” according to the usage.

: Set to “0” at writing.

: Set to “1” at writing.

: Invalid depending on the mode or state. It may be “0” or “1.”
: Nothing is assigned.

: “0” immediately after reset.
: “1" immediately after reset.
: Undefined immediately after reset.

: It is possible to read the bit state at reading. The written value becomes valid.
: It is possible to read the bit state at reading. The written value becomes invalid. Accordingly, the written

value may be “0” or “1.”

: The written value becomes valid. It is impossible to read the bit state. The value is undefined at reading.

However, when [‘0” at reading”] is indicated in the “Function” or “Note” column, the bit is always “0” at
reading. (See 5 above.)

: Itis impossible to read the bit state. The value is undefined at reading.

However, when [“0” at reading”] is indicated in the “Function” or “Note” column, the bit is always “0” at
reading. (See 6 above.)
The written value becomes invalid. Accordingly, the written value may be “0” or “1.”

Invalid for that function or mode.
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DESCRIPTION

1.1 Performance overview

1.1 Performance overview

Table 1.1.1 lists the performance overview of the M37906M4C-XXXFP/SP.

Table 1.1.1 M37906M4C-XXXFP/SP performance overview

Items

Performance

Number of basic instructions

203

Instruction execution time

50 ns (the minimum instruction at f(fsys) = 20 MHz)

External clock input frequency f(Xi)

20 MHz (maximum)

System clock frequency f(fsys)

20 MHz (maximum)

Memory sizes |ROM 32 Kbyte
RAM 1024 bytes
Programmable |P1, P2 8 bits 0 2
Input/Output ports|P5 3bitsO 1
P6 6 bits 0 1
P7 5bits 01
Multifunctional |TAO-TA9 16 bits 0 10
timer TBO-TB2 16 bits 0 3
Serial /0 UARTO, UART1 (UART or clock synchronous serial 1/0) O 2

A-D converter

10-bit successive approximation method O 1 (5 channels)

D-A converter

8 bits [0 2

Watchdog timer

12 bits 0 1

Interrupt Maskable

5 external, 18 internal
(Any of priority levels 0 through 7 can be set for each interrupt, by software.)

Non-maskable

3internal

Clock generating circuit

Built-in (externally connected to a ceramic resonator or a guartz-crystal oscillator)

PLL frequency multiplier

Double, Triple, or Quadruple

Power source voltage 5V+05V

Power dissipation 125 mW (at f(fsys) = 20 MHz
Port Input/Output| Input/Output withstand voltage [ 5 V

characteristics | Output current 5 mA

Memory expansion

Not available. (Single-chip mode only)

Operating ambient temperature range

—20°Cto 85 °C

Device structure

CMOS high-performance silicon gate process

Package M37906M4C-XXXFP| 42-pin plastic molded SSOP (42P2R-E)
M37906M4C-XXXSP| 42-pin shrink plastic molded SDIP (42P4B)
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1.2 Pin configuration

1.2 Pin configuration

Figures 1.2.1 and 1.2.2 show the M37906M4C-XXXFP/SP pin configuratios.

(V1= ——

AVss R

Note P74/AN4/DA1/INT3/RTPTrRGo < [3]

P73/AN3/DAoc < [ 4]

P72/AN2<—» 5]

P71/AN1-<a—p 6]

P70/ANo-—» [7]

P65/ TA2N/U/RTP11 < [§]

P64/TA20uT/V/IRTP 1o« [ 9]

P63/ TALIN/W/RTPO3 <¢— [1]

P62/TALout/U/RTPO2 ~—»- [11]

P61/ TAONV/RTPO1 - [Z]

P60/TAOouUT/W/RTP Qo ~—»- [1]

{ P57/INT7/TB2in/IDU <a—» [14]
Note

P56/INTe/TBLin/IDV ~¢—p- [5]
P5s/INTs/TBON/IDW ~t—m [15]
P6OUTCcUT/INTs — » L
MDO — [E

Vcont — ™ [}

RESET — > [2]

Vee =

O

[22] AVce

[21 | «—» P1o/CTSo/RTSo
[20 ] -4 P11/CTSo/CLKo
[3 | «—» P12/RxDo

[ ] - P13/TxDo

[37 | «4—» P14/CTS1/RTS:
[36 ] 4 P15/CTS1/CLK1
[ | «—» p16/RxD1

[34 ] -«—» P17/TxD1

[ | - P20/TA4out
[2 | = P2y /TA4N

[3T ] - P22/TA90urt
[0 ] - P23/ TAON

[29 ] < p2,4(/TBON)

[ | -« P25(/TB1in)
[27 ] - p25(/TB2N)

[2 ] < P27(/INT2/RTPTrRG0)
[ | «—— MD1

[20 ] —» Xour

[23 ] «—— Xy

[2 ] Vss

Note

Note: Allocation of pins TBOIN to TB2IN and INT3/RTPTRGO

can be switched by software.

Outline 42P2R-E

Fig. 1.2.1 M37906M4C-XXXFP pin configuration (outline 42P2R-E, top view)
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1.2 Pin configuration

Vrer — P[] U [22] AVcc
AVss =] 41 ]« P1o/CTSo/RTSo
Note P74/ANa/DA1/INTs/RTPTrG0 <a—»[3 [20 |« P11/CTSo/CLKo
P73/AN3/DAc <[ 4 [39]«—» P12/RxDo
P72/AN; <[5 53]« P13/TxDo
P71/AN1 <[5 [57]—» P14CTSI/RTS:
P70/ANo <[ 7] 56 |«—» P1s/CTS1/CLK1
P6s/TA2nU/RTPL: <[5 5]« P1s/RxD1
P64/TA20uT/VIRTP1lo <9 34 ]«—» P17/TxD:
P63/ TALNW/RTPO; ~#—#[10 33 ]4—» P20/TA4out
P62/TALlout/U/RTPO, <4—»[iL 32 ] P2yTA4IN
P61/TAON/V/RTPO:1 <—»[12 31 | P22/TA9ouT
P60/TAOoUT/W/RTPOo ~<—»[13 30 |« P23/TA9N
P57/INTZ/TB2/IDU <[z 29}« P2.4(/TBON)
Note P56/INT6/TBLin/IDV ~4—®[15 25 ]« P25(/TB1in)
P5s/INTs/TBON/IDW ~<—»[I8 27]«—» P25(/TB2N) Note
P60UTCuT/INTs —»[17 [26 ] P27(/INT2/RTPrRG0)
MDO —»[18 25 |«—— MD1
Vcont —®[19 [24}—» Xour
RESET —»[20 [23]— X
vee [z] 22] Vss

Note: Allocation of pins TBOIN to TB2IN and INT3/RTPTRGO
can be switched by software.

Outline 42P4B

Fig. 1.2.2 M37906M4C-XXXSP pin configuration (outline 42P4B, top view)
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1.3 Pin description

1.3 Pin description
Tables 1.3.1 lists the pin description.

Table 1.3.1 Pin description

Pin

Name

Input/Output

Function

Vce, Vss

Power source input

Apply 5V + 0.5 V to pin Vcc and 0 V to pin Vss.

MDO

MDO

MD1

MD1

Input

This pin switches the operating mode. This is only for the
single-chip mode, so connect this pin to Vss.

RESET

Reset input

Input

The microcomputer is reset when “L” level is input to this pin.

XiN

Clock input

Input

Xout

Clock output

Output

Pins Xin and Xour are the input and output pins of the clock
generating circuit, respectively. Connect these pins via a
ceramic resonator or a quartz-crystal oscillator. When an
external clock is input, this clock should be input to pin Xm,
and pin Xour should be left open.

VconT

Filter circuit connection

To use the PLL frequency multiplier, be sure to connect this
pin to the filter circuit.

AVcc

AVss

Analog power source
input

The power source input pin for the A-D converter. Connect this
pin to Vcc.

The power source input pin for the A-D and D-A converters.
Connect this pin to Vss.

Vrer

Reference voltage input

Input

This is the reference voltage input pin for the A-D and D-A converters.

Plo—P1s

1/0 port P1

I/O

PO is an 8-bit CMOS 1/O port and has an I/O direction register.
Each pin can function as an input or output port pin. By
software, these pins can function as I/O pins for serial 1/0.

P20—P27

1/O port P2

I/0

P2 is an 8-bit I/O port with the same function as port P1.
By software, these pins can function as 1/O pins for timers
A4 and A9. Also, these pins can function as input pins for
timers BO to B2, input pins for the external interrupts, or
trigger input pins in the pulse output port mode.

P5s—P57

1/0 port P5

I/O

P5 is a 3-bit I/O port with the same function as port P1.
By software, these pins can function as input pins for timers BO
to B2, input pins for external interrupts, or position data input
pins in the three-phrase waveform mode.

P60—P6s

I/O port P6

/10

P6 is a 6-bit 1/0 port with the same function as port P1.
By software, these pins can function as 1/O pins for timers AO to
A2, or as motor drive waveform output pins.

P70—P74

1/0 port P7

I/O

P7 is a 5-bit 1/0 port with the same function as port P1.
By software, these pins can function as input pins for the
A-D converter, output pins for the D-A converter, input pins
for the external interrupts, or trigger input pins in the pulse
output port mode.

P60OUTcur

P60OUTcur input

Input

This pin has the function to forcibly place port P6 pins in the
input mode (port-output-cutoff function). Also, this pin functions
as an input pin for INTs, and as an input pin for the port-output-
cutoff function in the motor drive waveform output mode.
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DESCRIPTION
1.4 Block diagram

1.4 Block diagram

Figure 1.4.1 shows the M37906 block diagram.
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Fig. 1.4.1 M37906 block diagram
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CHAPTER 2
CENTRAL
PROCESSING UNIT
(CPU)

2.1 Central processing unit (CPU)
2.2 Bus interface unit (BIU)

2.3 Access space

2.4 Memory assignment

2.5 Processor modes

[Precautions for setting of processor
mode]
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CENTRAL PROCESSING UNIT (CPU)
2.1 Central processing unit (CPU)

2.1 Central processing unit (CPU)
The CPU (Central Processing Unit) has 13 registers shown in Figure 2.1.1.

b15 b8 b7 b0
| Au AL Accumulator A (A)
b15 b8 b7 bo! ;
[ BH ! BL | : Accumulator B (B)
'b31 bO!
| E | Accumulator E (E)
b15 b8 b7 b0
| Xu XL | Index register X (X)
b15 b8 b7 b0
| YH ! YL | Index register Y (Y)
b15 b8 b7 b0
| sho SL | Stack pointer (S)
b7 b0
Data bank register (DT)
b23 b16 b15 b8 b7 b0
| PG | PCH PCL | Program counter (PC)
b7 1 B0
e e Program bank register (PG)
b15 b8 b7 b0
| DPROH | DPROL | Direct page register 0 (DPRO)
b15 b8 b7 b0
| DPR1# | DPRIL | Direct page register 1 (DPR1)
b15 b8 b7 b0
| DPR2+ | DPR2L | Direct page register 2 (DPR2)
b15 b8 b7 b0
| DPR3H DPR3L | Direct page register 3 (DPR3)
b15 b8 b7 b0
| PSH | PSL | Processor status register (PS)
‘b1s b10 b8 b7 b6 bS5 b4 b3 b2 bl b0
lo[o/olofo/ L [N|vim x|D|l1]|2Z]C|
| oo :L....Carry flag
eeeeas Zero flag
beeeeies Interrupt disable flag
R Decimal mode flag
g T Index register length flag
N Data length flag
ey Overflow flag
e Negative flag
b e e oo Processor interrupt priority level
Fig. 2.1.1 CPU registers
2-2 7906 Group User's Manual Rev.2.0

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6193519/m37906.html

CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit (CPU)

2.1.1 Accumulator (Acc)
Accumulators A and B are available. Also, accumulators A and B can be connected in series in order to
be used as a 32-bit accumulator (accumulator E).

(1) Accumulator A (A)
Accumulator A is the main register of the microcomputer. The transaction of data such as calculation,
data transfer, and input/output are performed mainly through accumulator A. It consists of 16 bits,
and the low-order 8 bits can also be used separately. The data length flag (m) determines whether
the register is used as a 16-bit register or as an 8-bit register. Flag m is a part of the processor status
register, which is described later. When an 8-bit register is selected, only the low-order 8 bits of
accumulator A are used, and the contents of the high-order 8 bits is unchanged.

(2) Accumulator B (B)
Accumulator B is a 16-bit register with the same function as accumulator A. Accumulator B can be
used instead of accumulator A. The use of accumulator B, however except for some instructions,
requires more instruction bytes and execution cycles than those of accumulator A. Accumulator B is
also affected by flag m just as in accumulator A.

(3) Accumulator E (E)
This 32-bit accumulator consists of accumulator A located in the low-order 16 bits and accumulator
B located in the high-order 16 bits. This accumulator is used by an instruction that handles 32-bit
data. It is not affected by flag m.

2.1.2 Index register X (X)

Index register X consists of 16 bits and the low-order 8 bits can also be used separately. The index register
length flag (x) determines whether the register is used as a 16-bit register or as an 8-bit register. Flag x
is a part of the processor status register, which is described later. When an 8-bit register is selected, only
the low-order 8 bits of index register X are used, and the contents of the high-order 8 bits are not
unchanged.

In an addressing mode in which index register X is used as an index register, the address obtained by
adding the contents of this register to the operand’s contents is accessed.

Also, each of the MVP, MVN and RMPA instructions uses index register X.

O Refer to “7900 Series Software Manual” for addressing modes and instructions.
2.1.3 Index register Y (Y)

Index register Y is a 16-bit register with the same function as index register X. Just as in index register
X, this register is affected by flag X.

7906 Group User's Manual Rev.2.0 2-3
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CENTRAL PROCESSING UNIT (CPU)
2.1 Central processing unit (CPU)

2.1.4 Stack pointer (S)
The stack pointer (S) is a 16-bit register. It is used for a subroutine call or an interrupt. It is also used when
addressing modes using the stack are executed. The contents of S indicate an address (stack area) for
storing registers during subroutine calls and interrupts. Bank 016 is specified for the stack area. (Refer to
section “2.3 Access space.”)

When an interrupt request is accepted, the microcomputer stores the contents of the program bank register
(PG) at the address indicated by the contents of S and decrements the contents of S by 1. Then the
contents of the program counter (PC) and the processor status register (PS) are stored. The contents of
S after accepting an interrupt request is equal to the contents of S decremented by 5 before accepting of
the interrupt request. (See Figure 2.1.2.)

When completing the process in the interrupt routine
and returning to the original routine, the contents of

registers stored in the stack area are restored into Stack area

the original registers in the reverse sequence Address

(PS - PC - PG) by executing the RTI instruction. The S-5

contents of S is returned to the state before accepting S—4 | Processor status register's low-order byte (PSL)

an interrupt request.

The same operation is performed during a subroutine
call, however, the contents of PS is not automatically S-2 Program counter's low-order byte (PCL)
stored. (The contents of PG may not be stored.
This depends on the addressing mode.)

During interrupts or subroutine calls, the other

registers are not automatically stored. Therefore, if /\/

the contents of these registers need to be held on,

S—3 | Processor status register’s high-order byte (PSH)

S—-1 Program counter’s high-order byte (PCH)

S Program bank register (PG)

e “S” is the initial address that the stack pointer (S)

be sure to store them by software. indicates at accepting an interrupt request.
. s “ " The S’s contents become “S — 5" after storing the
Additionally, the S’s contents become “OFFFi6" at above registers.

reset. The stack area changes when subroutines
are nested or when multiple interrupt requests are
accepted. Therefore, make sure of the subroutine’s ~Fig- 2.1.2 Contents of stack area after accepting
nesting depth not to destroy the necessary data. Interrupt request

0 Refer to “7900 Series Software Manual” for addressing modes and instructions.

2-4 7906 Group User’'s Manual Rev.2.0

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6193519/m37906.html

CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit (CPU)

2.1.5 Program counter (PC)

The program counter is a 16-bit counter that indicates the low-order 16 bits of the address (24 bits) at
which an instruction to be executed next (in other words, an instruction to be read out from an instruction
queue buffer next) is stored. The contents of the high-order program counter (PCx) become “FFis,” and the
low-order program counter (PC.) becomes “FEi6s” at reset. The contents of the program counter becomes
the contents of the reset’s vector address (addresses FFFEis, FFFF16) just after reset.

Figure 2.1.3 shows the program counter and the program bank register.

(b23) (b16)
b7 bo b15 b8 b7 bo

PG PCH ! PCL

Fig. 2.1.3 Program counter and Program bank register

2.1.6 Program bank register (PG)

The memory space is divided into units of 64 Kbytes. This unit is called “bank.” (Refer to section “2.3
Access space.”)

The program bank register is an 8-bit register that indicates the high-order 8 bits of the address (24 bits)
at which an instruction to be executed next (in other words, an instruction to be read out from an instruction
gueue buffer next) is stored. These 8 bits indicate a bank.

When a carry occurs after adding the contents of the program counter or adding the offset value to the
contents of the program counter in the branch instruction and others, the contents of the program bank
register is automatically incremented by 1. When a borrow occurs after subtracting the contents of the
program counter, the contents of the program bank register is automatically decremented by 1. Therefore,
there is no need to consider bank boundaries during programming, usually.

This register is cleared to “0016” at reset.

2.1.7 Data bank register (DT)
The data bank register is an 8-bit register. In the following addressing modes using the data bank register,
the contents of this register is used as the high-order 8 bits (bank) of a 24-bit address to be accessed.

Use the LDT instruction when setting a value to this register.
This register is cleared to “0016” at reset.

e Addressing modes using data bank register
Direct indirect
eDirect indexed X indirect
*Direct indirect indexed Y
*Absolute
*Absolute indexed X
*Absolute indexed Y
*Absolute bit relative
*Stack pointer relative indirect indexed Y
*Multiplied accumulation

O Refer to “7900 Series Software Manual” for addressing modes.
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CENTRAL PROCESSING UNIT (CPU)
2.1 Central processing unit (CPU)

2.1.8 Direct page register 0 to 3 (DPRO to DPR3)

Each of direct page registers 0 to 3 (hereafter called the “DPRI”) is a 16-bit register. The contents of this
register specify the direct page area in bank 01s or in the space across banks 01 and 1i6. The following
addressing modes use DPRI.

The contents of the DPRI indicate the base address (the lowest address) of the direct page area. The direct
page area is specified in the space above this address.

After reset, whether to use DPRO only or DPRO to DPR3 can be selected by the direct page register switch
bit. (See Figure 2.1.5). This selection specifies the direct page area. Table 2.1.1 lists the selection of the
direct page register. Figure 2.1.4 shows setting examples of the direct page area.

At reset, DPRO = “00001s,” and each of DPR1 to DPR3 becomes undefined.

e Addressing modes using direct page register

« Direct Table 2.1.1 Selection of direct page register
* Direct indexed X Direct page register switch bit
 Direct indexed Y 0 1
« Direct indirect .

DPRO DPRO to DPR3
* Direct indexed X indirect U§able DPRI
« Direct indirect indexed Y Direct page area 256 bytes 64 bytes a.t
« Direct indirect long each DPRI

 Direct indirect long indexed Y
« Direct bit relative

O Refer to “7900 Series Software Manual” for addressing modes and instructions.

m Direct page register switch bit = 0 m Direct page register switch bit = 1
— O1s 016 ] B 016 016 :I When DPRO = 000016
When DPRO = 000016 |  f-======---1 3Fs
............ FF | T 40 -
R 400 | when DPR1 = 004016
"""""" 12315 | T 80016 _
Bank Oz ® | WhenDPRO=01231s  BankOms  f--ceeonm-] 832 _] when DPR2 = 080016
............ 22216
A A A A
------------ FR10s When DPRO = FF10
en = I I = = = =P iy
L FFFFws| .. __._] —FFFFwe|___________] FFDO16 _
[10000:sf =755 1000F | [L0000s6 =225 52555 1OOOF15:| When DPR3 = FFDO
Bank 116 Bank 116
The direct page area is specified in space across banks 016 The direct page area is specified in the space across banks 016
and 116 when DPRO is “FF0116” or more. and 11s when DPRi is “FFC116” or more.

Note: When the low-order 8 bits of DPRi = “00,” the number of cycles required for address generation becomes 1 cycle smaller.

Fig. 2.1.4 Setting examples of direct page area
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CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit (CPU)

b7 b6 b5 b4 b3 b2 bl bo
o|jojofofo X

Processor mode register 1 (Address 5Fs)

Bit Bit name Function Atreset | R/W
0 This bit may be either “0” or “1.” 1 RW
1 Direct page register switch bit 0 : Only DPRO is used. 0 RW
1 : DPRO through DPR3 are used. (Note 1)
6 to 2 | Fix these bits to “00000.” 0 RW
7 Internal ROM bus cycle select bit |0 : 3¢ 0 RW
(Note 2) 1:2¢

X : It may be either “0” or “1.”

Notes 1: After reset, this bit is allowed to be changed only once. (During the software execution, be sure not to change this bit's
content.)
2: To reprogram the internal flash memory by using the CPU reprogramming mode, clear this bit to “0.” (Refer to section
“19.2 Flash memory CPU reprogramming mode.”)

Fig. 2.1.5 Structure of processor mode register 1

7906 Group User's Manual Rev.2.0 2-7

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6193519/m37906.html

CENTRAL PROCESSING UNIT (CPU)
2.1 Central processing unit (CPU)

2.1.9 Processor status register (PS)

PS is an 11-bit register.

Figure 2.1.6 shows the structure of PS. Refer to “7900 Series Software Manual” for detale about the
change of each bit.

b15 bl4 bl3 bl2 bll bl10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
ololololo PL Nlvimlxlolilz]c Processor(sFt%t)us register

Note: Be sure to fix bits 15 through 11 to “0.”

Fig. 2.1.6 Structure of PS

(1) Bit 0: Carry flag (C)
This flag retains a carry or a borrow generated in the arithmetic and logic unit (ALU) during an
arithmetic operation. This flag is also affected by shift and rotate instructions.
Be sure to use the SEC or SEP instruction to set this flag to “1”; and be sure to use the CLC or CLP
instruction to clear it to “0”.
The contents of this flag is undefined at reset.

(2) Bit 1: Zero flag (2)
This flag is set to “1” when the result of an arithmetic operation or data transfer is “0,” and cleared
to “0” when otherwise. This flag is invalid in the decimal arithmetic operation.
Be sure to use the SEP instruction to set this flag to “1”; and be sure to use the CLP instruction to
clear it to “0.”
The contents of this flag is undefined at reset.

(3) Bit 2: Interrupt disable flag ()
This flag disables all maskable interrupts except the following: the address matching detection,
watchdog timer, and O division interrupts. Interrupts are disabled when this flag is “1.” When an
interrupt request has been accepted, this flag is automatically set to “1,” and multiple interrupts
become disabled. Be sure to use the SEI or SEP instruction to set this flag to “1”; and be sure to
use the CLI or CLP instruction to clear this flag to “0.”
This flag is set to “1” at reset.

(4) Bit 3: Decimal mode flag (D)

This flag determines whether addition and subtraction are performed in binary or decimal. Binary
arithmetic operation is performed when this flag is “0.” When it is “1,” decimal arithmetic operation
is performed with each 8 bits treated as 2-digit decimal (at m = 1) or each 16 bits treated as 4-digit
decimal (at m = 0). Decimal adjust is automatically performed. Decimal operation is possible only
with the ADC, ADCB, SBC and SBCB instructions. Be sure to use the SEP instruction to set this
flag to “1”; and be sure to use the CLP instruction to clear it to “0.”

This flag is cleared to “0” at reset.

(5) Bit 4: Index register length flag (x)
This flag determines whether each of index register X and index register Y is used as a 16-bit
register or an 8-bit register. That register is used as a 16-bit register when this flag is “0,” and as
an 8-bit register when it is “1” (Note). Be sure to use the SEP instruction to set this flag to “1”; and
be sure to use the CLP instruction to clear it to “0.”
This flag is cleared to “0” at reset.
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CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit (CPU)

(6) Bit 5: Data length flag (m)
This flag determines whether to use data as a 16-bit unit or as an 8-bit unit. Each data is treated
as a 16-bit unit when this flag is “0,” and as an 8-bit unit when it is “1” (Note).
Be sure to use the SEM or SEP instruction to set this flag to “1,” and be sure to use the CLM or
CLP instruction to clear it to “0.”
This flag is cleared to “0” at reset.

Note: When transferring data between registers which are different in bit length, this data is transferred
with the length of the transfer destination register, except for the case where the TXA, TYA,
TXB, TYB, and TXS instructions used. Refer to “7900 series software manual” for detail.

(7) Bit 6: Overflow flag (V)
This flag is used when addition or subtraction is performed with a word regarded as signed binary.
The overflow flag is set to “1” when the result of addition or subtraction exceeds the range between
—2147483648 and +2147483647 (when 32-bit length operation), the range between —32768 and
+32767 (when 16-bit length operation), or the range between —-128 and +127 (when 8-bit length
operation).
The overflow flag is also set to “1” when the operation result of the DIV or DIVS instruction exceeds
the length of the register which will store that result. This flag is invalid in the decimal mode. Be sure
to use the SEP instruction to set this flag to “1,” and be sure to use the CLV or CLP instruction to
clear it to “0.”
The contents of this flag is undefined at reset.

(8) Bit 7: Negative flag (N)
This flag is set to “1” when the result of arithmetic operation or data transfer is negative. (The most
significant bit of the result is “1.”) It is cleared to “0” in all other cases. This flag is invalid in the
decimal mode. Be sure to use the SEP instruction to set this flag to “1,” and be sure to use the CLP
instruction to clear it to “0.”
The contents of this flag is undefined at reset.

(9) Bits 10 to 8: Processor interrupt priority level (IPL)
These 3 bits can determine the processor interrupt priority level to one of levels 0 through 7. When
the interrupt priority level of a requested interrupt, which has been set in the corresponding interrupt
control register, is higher than IPL, that interrupt becomes enabled. When an interrupt request is
accepted, IPL is stored in the stack area, and IPL is replaced by the interrupt priority level of the
accepted interrupt request.
There are no instruction to directly set or clear the bits of IPL. IPL can be changed by storing the
new IPL into the stack area and updating PS with the PUL or PLP instruction.
The contents of IPL is cleared to “0002" at reset.
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CENTRAL PROCESSING UNIT (CPU)

2.2 Bus interface unit (BIU)

2.2 Bus interface unit (BIU)

The bus interface unit (hereafter called “BIU”) performs the following two operations:
e Instruction prefetch
e Data transfer (read and write)

Figure 2.2.1 shows the bus and BIU.
BIU is structured with four kinds of registers shown in Figure 2.2.2. Table 2.2.1 lists the function of the BIU

registers.
M37906
Internal buses
CPU bus Internal code bus (CBo to CB31)
Centralll . Bus Internal data bus (DBo to DB15
processing interface Internal
unit unit Internal address bus (ADo to memory
Internal control signal
(CPU) (BIU) < 4
Internal
) peripheral
devices
)| (SFR)
SFR : Special Function Register
0 The CPU bus and internal bus are independent of one another.

Fig. 2.2.1 Bus and BIU

o
N
w
o
o

0
H

Program address register

b23 b0
Data address register

b31 b0

I DQ I Data buffer

Table 2.2.1 Functions of BIU registers

queue buffer

Name Functions
Program Indicates a storage address of the
address instruction to be fetched into an
register instruction queue buffer, next.
Instruction Temporarily stores an instruction

which has been fetched.

Data address
register

Indicates an address from which data
will be read or to which data will be
written, next.

Data buffer

Fig. 2.2.2 BIU registers’ structure

Temporarily stores data which has
been read from memoryel/O device
by BIU or which will be written to
memoryel/O device by the CPU.

In the M37906, the internal buses are used when the CPU accesses the internal area (the internal memory

and SFR).

2-10
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CENTRAL PROCESSING UNIT (CPU)

2.2 Bus interface unit (BIU)

2.2.1 Instruction prefetch
While the CPU does not use the internal buses, the BIU reads instructions from the memory and then
stores them in the instruction queue buffer. The CPU reads instructions from the instruction queue buffer
and executes them, so that the CPU can operate at high speed without access to the memory, which
requires a long access time.

The instruction queue buffer can store instructions up to 10 bytes. The contents of the instruction queue
buffer is initialized when a branch is made, and the BIU reads a new instruction from the branch destination
address.

When instructions in the instruction queue buffer are insufficient for the CPU’s needs, the BIU extends the
low-level duration of @cru (See Figure 4.2.1.) in order to keep the CPU waiting until the BIU fetches
instructions of the required byte number or more.

Figure 2.2.3 shows operating waveform examples

at instruction prefetch. Note that the operation of Table 2.2.2 Store address of prefetched instruction
BIU’s instruction prefetch also varies with the store Low-order 3 bits
addresses of instructions. Table 2.2.2 lists the store
address of prefetched instructions.

at store address

When the instruction prefetch from internal memory, AD: AD: ADo
the instructions are fetched from 4-byte boundaries, ~_Even-numbered address 0 O 0
4 bytes at a time. (See Figure 2.2.3.) 4-byte boundaries 0 0 0
Also, at branch, regardless of the low-order 2 bits’”  8-byte boundaries 0 0 0

contents (AD: and ADo) of the branch destination  x: |t may be either “0” or “1.”

address, 4 bytes are fetched at time from the 4-

byte boundaries. (See Figure 2.2.3.) In this case,

out of the data (instructions) which will be output onto the internal code buses, 4 bytes at a time, the
instructions assigned at the branch destination address and the following addresses will be fetched into the
instruction queue buffer. Accordingly, as listed in Table 2.2.3, the number of bytes to be fetched into the
instruction queue buffer varies according to the branch destination address.

Table 2.2.3 Number of bytes to be fetched into instruction queue buffer

Low-order 2 bhits of branch destination Low-order 2 bits of address to be Number of bytes to be
address output onto address bus fetched into instruction
AD1 ADo AD: ADo queue buffer
0 0 0 0 4
0 1 0 0 3
1 0 0 0 2
1 1 0 0 1
o |

Internal add b
e ress bus Address ><
(ADo-AD23) /|

Internal code bus / Data \

(CBo-CB31) (instruction)

(eiu: Operation clock of BIU (Refer to “CHAPTER 4. CLOCK GENERATING CIRCUIT.”)

Note: This waveform applies when bus cycle = 2¢. For details of the bus cycle at access to the internal area,
see Table 2.2.4.

Fig. 2.2.3 Operation waveform examples at instruction prefetch
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CENTRAL PROCESSING UNIT (CPU)

2.2 Bus interface unit (BIU)

2.2.2 Data Transfer (read and write)

When the CPU reads or writes data from or to the internal area, it requests the BIU to read or write data.
The BIU outputs control signals in order to control the internal address and data buses in response to the
request from the CPU. The cycle where the following are performed is referred to “bus cycle”:

e The BIU controls buses.

< Data transfer is performed between the internal area and BIU.

Table 2.2.4 lists the bus cycles at access to the internal area. Figure 2.2.4 shows operating waveform
examples at reading from or writing to the internal area.

(1) Reading data
The CPU informs the BIU's data address register of the address where the data to be read is stored,
so the CPU requests the data. In this case, the CPU waits until the requested data is ready in the
BIU.
The BIU outputs the address informed by the CPU onto the internal address bus. Then, the CPU
reads the contents of the informed address and takes them into the data buffer. The CPU continues
processing using data in the data buffer.

(2) Writing data
The CPU informs the BIU’s data address register of the address to which the data will be written,
so the CPU writes the data into the data buffer. The BIU outputs the address informed by the CPU
onto the internal address bus. Then, the BIU writes the data in the data buffer into the informed
address.

Table 2.2.4 Bus cycles at access to internal area

Bus cycle = 3¢ (Note) Bus cycle = 2¢ (Note)
(Internal ROM bus cycle select bit = 0) (Internal ROM bus cycle select bit = 1)
. .1 bus cycle =3¢@_ . 1 bus cycle = 2¢

wo | LTI wo | LI

ROM 3 3 i i
Internal address bus >.< Internal address bus

Internal data bus -- ---------- - - Internal data bus """" ‘ -

1 bus cycle = 2¢
P e

wo | L] LI
Internal address bus >.<
SFR :
Internal data bus  ---+------- -

Internal ROM bus cycle select bit: Bit 7 at address 5Fis

Note: We usually recommend to select “bus cycle = 2 @.” When reprogramming the internal flash memory
in the CPU reprogramming mode, be sure to select bus cycle = 3¢. (Refer to section “19.2 Flash
memory CPU reprogramming mode.”)

RAM
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2.2 Bus interface unit (BIU)

(a) When accessing 8-bit data (Note 1) or accessing 16-bit data starting from an even-numbered address

[0:11V) I

=

Internal address bus
(ADo—AD23)

>< Address ><

Internal data bus | '
DBo—DB | .
(DB—DEY) ---- WD (even) }

Internal data bus

(DBe—DB1s) i _ WD (odd) Y

(b) When accessing 16-bit data starting from an odd-numbered address

Note 1: When reading 8-bit data at an even-numbered address, only RD (even)
will be taken into a data buffer.
When reading 8-bit data at an odd-numbered address, only RD (odd)
will be taken into a data buffer.
When writing 8-bit data to an even-numbered address, only WD (even)
will be written to the address.
When writing 8-bit data to an odd-numbered address, only WD (odd)
will be written to the address.

- | ] ]

Internal address bus
(ADo—AD23)

Internal data bus |
(DBo—DB7)  _:

Internal data bus
(DBs—DBis)

(c) When accessing 32-bit data starting from an even-numbered address

g

| | ;
nternal address bus >< Address

(ADo—AD23)

XAddress + 2><

Internal data bus

Internal data bus
(DBs—DBis)

(DBe—DB7) ! ‘ 3
---- WD (even) -

(d) When accessing 32-bit data starting from an odd-numbered address

RD
(even)

[0:11V) I

L L

Address + 1

><Address +3 ><

Internal address bus \ ><
(ADo—AD23) /i )

Internal data bus
(DBo—DBy7)

Internal data bus

RD
(even)
WD (even)

DBs—DB. 1 |

RD: Data to be read, WD: Data to be written

Note 2: The above waveforms apply when bus cycle = 2¢.
For the bus cycles at access to the internal area, see Table 2.2.4.

Fig. 2.2.4 Operation waveform examples at reading from or writing to internal area
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2.3 Access space

2.3 Access space

The access space of the M37906 is assigned to a 16-Mbyte space from addresses 0is to FFFFFFi. (See
Figure 2.3.1.) Note that only the internal memory can be accessed because the M37906 operates only in

the single-chip mode.

The memory and I/O devices are assigned in the same access space. Accordingly, it is possible to perform
transfer and arithmetic operations using the same instructions, without discrimination of the memory from

1/0 devices.

016 A
SFR area
FFi6

Internal RAM area

(Note 1)
: 1 Bank 016
Internal ROM area
(Note 2)
\

the last 8 bytes of the internal RAM area.

SFR : Special Function Register

|:| : Memory assignment of internal area

i+ :Nothing is assigned.

Notes 1: When the internal RAM area is followed by an unused area, do not assign a program to

2: Do not assign a program to the last 8 bytes of the internal ROM area.
3: The memory assignment of the internal area varies according to the product type.

Refer to section “Appendix 11. Memory assignment of 7906 Group,” or the latest datasheets, catalogs.
4: Refer to section “19.1.1 Memory assignment,” about the flash memory version.

Fig. 2.3.1 M37906’s access space
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2.4 Memory assignment

2.4 Memory assignment
This section describes the memory assignment in the internal area.

2.4.1 Memory assignment in internal area
SFR (Special Function Register), internal RAM, and internal ROM are assigned to the internal area. Figure
2.4.1 shows the memory assignment in the internal area.

(1) SFR area
The registers used to set the internal peripheral devices are assigned to addresses 016 to FFis. This
area is called SFR. Figures 2.4.2 and 2.4.3 show the SFR area’s memory assignment.
For each register in the SFR area, refer to each functional description in this manual.
For the state of the SFR area immediately after reset, refer to section “3.3 State of internal area.”

(2) Internal RAM area
The internal RAM area is used as a stack area, as well as an area to store data. Accordingly, be
sure to set the nesting depth of a subroutine and multiple interrupts’ level not to destroy the necessary
data.
When the internal RAM area is followed by an unused area, do not assign a program to the last 8
bytes of the internal RAM area. (Data is allowed to be assigned there. Also, when the internal RAM
area is followed by the internal ROM area succeedingly, a program is allowed to be assigned there.)

(3) Internal ROM area
Addresses FFB4is to FFFFis are the vector addresses for reset and interrupts. (This is called the
interrupt vector table.)
Do not assign a program to the last 8 bytes of the internal ROM area. (Data is allowed to be assigned
there.)
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2.4 Memory assignment

Interrupt vector table

O16
SFR area - See Figures 2.4.2
FFae and 2.4.3. / FFB41s[_ Reserved area H
: FFB6is|_ Reserved area h—
FFB81sL Timera9 L
! FFBA1e| _ ] L |
Internal RAM area EFBCus I!mer 2‘3 H
— imer T
FFBEws | Timer A6 L
FFCOw | Timer A5
FFC216 | _ INT7
FFC416 | INTs
FFC616 | INT=

FFC816|_ Reserved area 1
FFCA1s — Address matching detection {
FFCCi6| — Reserved area -
FFCEis | Reserved area -
FFDO16 | INT2
FFD216 | _ INTs
FFD416 L A D conversion -
FFD616 - yaRT1 transmit 1
FFD81s [ JART1 receive -
FFDAs L JARTO transmit -
FFDCisL_ ARTO receive
/ FFDEs|  Timer B2

Internal ROM area !

,", FFEO1[ Timer B1
FFE216{  Timer BO

," FFE416| Timer A4
FFE616{ —  Timer A3
FFE8is|  TimerA2
,," FFEAw [ Timer Al
/ FFEC8L " Timer a0

: FFEE| Reserved area .
; FFFO16 L Reserved area |
FFF216\  Reserved area -
FFB416 | .. FFF416 [ poserved area -

FFF61s [ \vatchdog timer -
FFF816| pBC (Note 1) 1
FFFA16 [ BRK instruction (Note 1)

e e e . _LiI* J_iF _LiI* _Lif J.il* _LiI* J_if J_iﬁ _Liﬁ et e o e

FFFCisl  Zzero divide
FFFE1s | RESET

FFFF1s

[] : The internal memory is not assigned.

Notes 1: These are interrupts only for debugging; do not use these interrupts.
2: Memory assignment of the internal area varies according to the product type. Refer to section

“Appendix 11. Memory assignment of 7906 Group” or the latest datasheets, catalogues.

Fig. 2.4.1 Memory assignment in internal area
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2.4 Memory assignment

Address

8016 (Note 2)

8116 (Note 2)

8216 (Note 2)

8316 (Note 2)

8416 (Note 2)

8516 (Note 2)

8616 (Note 2)

8716 (Note 2)

8816

8916

8A1s (Note 2)

8Bu1s

8Cas (Note 2)

8D1s

8E1s (Note 2)

8F16

9016 (Note 2)

9116

9216 (Note 2)

9316

9416

9516 External interrupt input read register

9616 D-A control register

9716

9816 D-A register 0

9916 D-A register 1

9A16

9B16

9Cu6 (Note 2)

9D1s (Note 2)

ZEG Flash memory control register (Note 4)
16

Address Address
O (Note 1) 4016 Count start flag 0
METS (Note 1) 4116 Count start flag 1
216 (Note 2) 4216 One-shot start flag 0
316 Port P1 register 4316 One-shot start flag 1
446 (Note 2) 4416 Up-down flag 0
516 Port P1 direction register 4516 Timer A clock division select register
?i: Port (Zitr:gzl)s ter 3312 Timer AQ register
giz Port P2 d(lrilictzog) register 3312 Timer Al register
A (Note 2) 4Ai6 ) )
Bis Port P5 register 4Bus Timer A2 register
Cis (Note 2) 4Ca1s . .
D1s Port P5 direction register 4D1s Timer A3 register
E1s Port P6 register 4E16 ) )
Fis Port P7 register 4F 16 Timer A4 register
1016 Port P6 direction register 5016 ) ,
1116 Port P7 direction register 5116 Timer BO register
1216 (Note 2) 5216 ) )
1316 5316 Timer B1 register
1416 (Note 2) 5416 ) )
1516 55156 Timer B2 register
1616 (Note 2) 5616 Timer AO mode register
1716 (Note 2) 5716 Timer A1 mode register
1816 (Note 2) 5816 Timer A2 mode register
1916 (Note 2) 5916 Timer A3 mode register
1A 5A16 Timer A4 mode register
1B1s 5B1s Timer BO mode register
1Ce 5Cis Timer B1 mode register
1D1s 5D1s Timer B2 mode register
1E6 A-D control register 0 5E1s6 Processor mode register 0
1F16 A-D control register 1 5F16 Processor mode register 1
2016 AD register 0 6016 Watchdog timer register
2116 6116 | Watchdog timer frequency select register
2216 . 6216 Particular function select register 0
2316 ADregister 1 6316 Particular function select register 1
2416 . 6416 Particular function select register 2
2516 AD register 2 651 (Note 2)
2616 ) 6616 Debug control register 0
2716 ADregister 3 6716 Debug control register 1
2816 ) 6816
2916 A-Dregister 4 6916 Address compare register 0 (Note 3)
2A16 (Note 2) 6A16
2B1s (Note 2) 6B1s
2Cis (Note 2) 6C16 Address compare register 1 (Note 3)
2D1s (Note 2) 6D1s
2E1s (Note 2) 6E1s INT3 interrupt control register
2F1s (Note 2) 6F16 INT4 interrupt control register
3016 UARTO transmit/receive mode register 7016 | A-D conversion interrupt control register
311 UARTO baud rate register (BRG0) 7116 | UARTO transmit interrupt control register
3216 UARTO transmit buffer register 7216 | UARTO receivse ilnterrupt control regilster
3316 7316 | UARTL transmit interrupt control register
3416| UARTO transmit/receive control register 0 7416 | UART1 receive interrupt control register
3516| UARTO transmit/receive control register 1 7516 Timer AQ interrupt control register
3616 . ) 7616 Timer Al interrupt control register
3716 UARTO receive buffer register 7716 Timer A2 interrupt control register
3816 UART1 transmit/receive mode register 7816 Timer A3 interrupt control register
3916 UART1 baud rate register (BRG1) 7916 Timer A4 interrupt control register
3As UART transmit buffer register TA1s Timer BO interrupt control reg?ster
3B1s 7B1s Timer B1 interrupt control register
3Cis| UARTL transmit/receive control register 0 7Cis Timer B2 interrupt control register
3D16| UART1 transmit/receive control register 1 7D1s (Note 2)
;Ei: UART1 receive buffer register ;E: E:z:z g
Notes 1: Do not read from and write to this register.
2: Do not write to this register.
3: When these registers are accessed, set the address compare register access enable bit (bit 2 at address 6716) to “1.”
(Refer to “CHAPTER 17. DEBUG FUNCTION.")
4: This register is assigned only to the flash memory version. (Refer to “CHAPTER 19. FLASH MEMORY VERSION.")
Nothing is assigned here in the mask ROM version.

Fig. 2.4.2 SFR area’s memory map (1)
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2.4 Memory assignment

Note 5: Do not write to this register.

Address Address
AO16 (Note 5) CO1s
Al Clw
A216 (Note 5) C216
A316 C316
Adis (Note 5) C4lis Up-down flag 1
Ab16 Cb516
Ab61s Waveform output mode register C616 ) ]
AT Dead—t’i)me timer . C716 Timer AS register
A816 Three-phase output data register 0 C8is ) .
A916 Three-phase output data register 1 C916 Timer AG register
AAis| Position-data-retain function control register CAs Timer A7 register
ABzs CBis
281: Serial 1/0 pin control register ggiz Timer A8 register
QEZ Port P2 pin function control register ((;Ei Timer A9 register
S%Z Ezgi 2; ggiz Timer AO1 register
ggiz Ezgi 2; ggiz Timer Al1 register
ggiz Ezgi 2; ggiz Timer A21 register
B61s (Note 5) D616 Timer A5 mode register
B716 (Note 5) D716 Timer A6 mode register
B81s (Note 5) D816 Timer A7 mode register
B9 D916 Timer A8 mode register
BAus (Note 5) DA Timer A9 mode register
BB1s (Note 5) DB1s (Note 5)
BCis Clock control register 0 DCis Comparator function select register 0
BD1s (Note 5) DDss (Note 5)
BEis (Note 5) DEis Comparator result register 0
BFis (Note 5) DFs (Note 5)
EO1s (Note 5)
Elis (Note 5)
E216 (Note 5)
E3i6 (Note 5)
E416 (Note 5)
E516 (Note 5)
E616 (Note 5)
E716 (Note 5)
E816 (Note 5)
E916 (Note 5)
EAs (Note 5)
EBis (Note 5)
ECis (Note 5)
ED1s (Note 5)
EEis (Note 5)
EFi6 (Note 5)
FO16
Flis (Note 5)
F216 (Note 5)
F316
F416
F516 Timer A5 interrupt control register
F616 Timer A6 interrupt control register
F716 Timer A7 interrupt control register
F816 Timer A8 interrupt control register
F916 Timer A9 interrupt control register
FA6
FBus
FCis
FDis INTSs interrupt control register
FE:s INTs interrupt control register
FFie INT7 interrupt control register

Fig. 2.4.3 SFR area’s memory map (2)
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2.5 Processor modes

2.5 Processor modes

The M37906 operates only in the single-chip mode. Figure 2.5.1 shows the memory assignment of the
M37906.

Single-chip mode

O16
SFR area
FF16
Unused area
Internal
RAM area
(Note 1)

Unused area

Internal
ROM area
(Note 2)

Notes 1: When the internal RAM area is followed by an unused area, do not assign a program to
the last 8 bytes of the internal RAM area.
2: Do not assign a program to the last 8 bytes of the internal ROM area.
3: The memory assignment of the internal area varies according to the product type.
Refer to section “Appendix 11. Memory assignment of 7906 Group,” or the latest datasheets, catalogs.

Fig. 2.5.1 Memory assignment of M37906

2.5.1 Single-chip mode

In this mode, ports P1, P2, P5 to P7 serve as programmable 1/O ports. (When an internal peripheral device
is used, the corresponding port pin serves as the device’s 1/O pin).
In this mode, only the internal area (SFR, internal RAM, and internal ROM) can be accessed.
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2.5 Processor modes

2.5.2 Setting of processor mode

The processor mode is set by the following:

» Voltage level applied to the MDO and MD1 pins

* Processor mode bits (bits 1 and O at address 5Eus)

The Vss—level voltage must be applied to the MDO and MD1 pins, because the M37906 operates only in
the single-chip mode. Also, the processor mode bit must be “00.”

Figure 2.5.2 shows the structure of the processor mode register 0 (address 5E16).

b7 b6 b5 b4 b3 b2 bl bo
T T

Processor mode register O (Address 5Eas) 0 “Ixlo o
1 1

Bit Bit name Function Atreset | RIW

0 Processor mode bits bl bo 0 RW

0 0 : Single-chip mode
I 01 : Do not select.

1 10: Do not select. 0 RW
1 1: Do not select.

2 Any of these bits may be either “0” or “1.” 0 RW
3 1 RW
Int t priority detection ti bS b4

4 Snelzrétjgitsprlonty etection time 00: 7 cycles of fus 0 RW
0 1: 4 cycles of fsys

5 10: 2 cycles of fsys 0 RW
11: Do not select.

6 Software reset bit The microcomputer is reset by writing “1” to this 0 WO
bit. The value is “0” at reading.

7 Fix this bit to “0.” 0 RW

X: It may be either “0” or “1.”

Fig. 2.5.3 Structure of processor mode register 0
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[Precautions for setting of processor mode]

[Precautions for setting of processor mode]

The M37906 operates only in the single-chip mode. Therefore, for the M37906, do as follows:
e The MDO and MD1 pins must be connected to Vss.

e The processor mode bits (bits 0 and 1 at address 5Eis) must be fixed to “002.”
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[Precautions for setting of processor mode]

MEMORANDUM
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RESET

3.1 Reset operation

There are 3 ways to reset the microcomputer:

Hardware reset : Apply “L” level of voltage to pin RESET while the power source voltage (Vcc) meets
the recommended operating conditions.

Software reset : Write “1” to the software reset bit (bit 6 at address 5Eis) while the power source
voltage (Vcc) meets the recommended operating conditions.

Power-on reset : After power-on, raise the voltage level at pin Vcc to the level, which meets the
recommend operating conditions, with “L” level of voltage applied to pin RESET.

3.1 Reset operation
Operations of hardware, software, and power-on reset are described below.

3.1.1 Hardware reset
Figure 3.1.1 shows an example of hardware reset timing.

RESET

(Note) '

10 ps or more 1 8 to 9 cycles of fsys
<—>l<—>l

" Internal processing
sequence after
reset

i} - | it -

U ' O U
1

Program is executed.

i}

O

Note: The above is applied when the oscillator is stably oscillating or when an
external clock is stably input from pin Xin. When the oscillator is not stably
oscillating (including the case at the stop mode’s termination; refer to section
“15.3 Stop mode.”), apply “L” level of voltage for 10 us or more after the
oscillation becomes stable.

Fig. 3.1.1 Example of hardware reset timing
The following explains how the microcomputer operates in the above periods, O to 0.

O After applying “L” level of voltage to pin RESET, the microcomputer initializes pins within a period of several
ten cycles of fsys. (Refer to section “3.2 Pin state.”)
O The microcomputer initializes the central processing unit (CPU) and SFR area in the following periods.
(Refer to section “3.3 State of internal area.”)
» While pin RESET is at “L” level.
* In the period of 8 to 9 cycles of fss after pin RESET goes from “L” to “H.”
O After O, the microcomputer performs “Internal processing sequence after reset.” (Refer to section “3.4
Internal processing sequence after reset.”)
O The microcomputer executes a program beginning with the address which has been set into the reset
vector addresses (addresses FFFEi1s and FFFFis).
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3.1 Reset operation

3.1.2 Software reset
The microcomputer initializes pins, CPU, and SFR area just as in the case of hardware reset (Refer to
sections “3.2 Pin state” and “3.3 State of internal area”) by writing “1” to the software reset bit. (See
Figure 3.1.2))
After initialization is completed, the microcomputer performs “Internal processing sequence after reset.”
(Refer to section “3.4 Internal processing sequence after reset.”) After that, it executes a program
beginning with the address which has been set into the reset vector addresses (addresses FFFEis and

FFFFus).
. b7 b6 b5 b4 b3 b2 bl b0
Processor mode register 0 (Address 5Eus) T T
0 1 X|X]|0 1 0
Bit Bit name Function Atreset | R/W
Processor mode bits b1bo . 0

g 0 0 : Single-chip mode RW
0 1: Do not select.

1 1 0 : Do not select. 0 RW
11: Do not select.

2 Any of these bits may be either “0” or “1.” 0 RW

3 1 RW

iori ion ti b5 b4

4 !sr:atﬁaréijgittg”omy detection time | %5 0" cycles of fuys RW
0 1: 4 cycles of fsys

5 10: 2 cycles of fsys 0 RW
11: Do not select.

6 Software reset bit The microcomputer is reset by writing “1” to this 0 WO
bit. The value is “0” at reading.

7 Fix this bit to “0.” 0 RW

X: It may be either “0” or “1".

Fig. 3.1.2 Structure of processor mode register 0
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3.1 Reset operation

3.1.3 Power-on reset

The following describes the operation of the microcomputer at power-on reset.

O After powered on, within the several ten cycles of fss after the voltage level at pin Vcc meets the recommended
operating conditions with the voltage level at pin RESET = “L,” the microcomputer initializes pins; refer to

section “3.2 Pin state.”

0 After the voltage level at pin RESET goes from “L” to “H,” the microcomputer initializes the CPU and
SFR area within a period of 8 to 9 cycles of fss. (Contents of the internal RAM area become undefined;

refer to section “3.3 State of internal area.”)

O After O, the microcomputer performs “Internal processing sequence after reset.”; refer to section “3.4

Internal processing sequence after reset.”

0 The microcomputer executes a program beginning with the address which has been set into the reset

vector addresses (addresses FFFEis and FFFFas).

Figure 3.1.3 shows the power-on reset conditions.
Figure 3.1.4 shows an example of a power-on reset
circuit.

After the voltage level at pin Vcc meets the
recommended operating conditions and the oscillator’s

operation is stabilized (see Figure 3.1.3.), apply “L” RESET

level of voltage to pin RESET for 10 us or more.
When an oscillator is used, the time required for
stabilizing oscillation depends on the oscillator. For
details, contact the oscillator manufacturer.

ov

oV

XIN

ov

A

Powered on there

Vec level

0.2 Vcc level

/<—> 10 ps

S
Oscillation stabilized

Fig. 3.1.3 Power-on reset conditions

3 TCd

& 5V
M37906

1| M51957AL Vee

Vce
27kQ

2 5
IN ouT RESET

10 kQ Delay 4 4rQ

capacity

GND Vss

Tsw

td = 0.34 O Cd [ps], Ca: [pF]

O The delay time is about 11 ms when Ca = 0.033 pF. 777~

GND

Fig. 3.1.4 Example of power-on reset circuit
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3.2 Pin state

3.2 Pin state

Table 3.2.1 lists the microcomputer’s pin state while the voltage level at pin RESET is “L.”

Table 3.2.1 Pin state while voltage level at pin RESET is “L”

Pin MD1's level [Pin MDO's level Pin (Bus, Port) name Pin state
MASK ROM version, |Vss Vss P1, P2, P5-P7 Floating.
Flash memory version
(Note 1)
Flash memory version [Vcc Vss P1, P2, P5-P7 Floating.
(Note 1) Vce P1, P2, P5-P7 Floating (Note 2).

Notes 1: Refer to “CHAPTER 19. FLASH MEMORY VERSION.”
2: Pins P5s, P57 and P6o to P6s output “H” or “L” level when “H” level of voltage is applied to pin Vcont and “L” level to pins

P70, P71.
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3.3 State of internal area

3.3 State of internal area

Figure 3.3.1 shows the state of CPU registers immediately after reset. Figures 3.3.2 to 3.3.9 show the state
of the SFR and internal RAM areas immediately after reset.

0 : “0” immediately after reset. @ : “0” immediately after reset.
1 :“1” immediately after reset. Fix this bit to “0.”
? : Undefined immediately after reset.
Register name State immediately after reset
b15 b8 b7 b0
Accumulator A (A) | ? | 2 |
b15 b8 b7 b0
Accumulator B (B) | 2 | 2 |
b15 b8 b7 b0
Index register X (X) | ? | ? |
b15 b8 b7 b0
Index register Y (Y) | 2 | 2 |
b15 b8 b7 b0
Stack pointer (S) | OF 16 | FF1s |
b7 b0
Data bank register (DT) | 0016 |
b7 b0
Program bank register (PG) | 0016 |
b15 b8 b7 b0
Program counter (PC) | Contents at address FFFF1s | Contents at address FFFE1s |
b15 b8 b7 b0
Direct page register 0 (DPRO) | 0016 | 0016 |
b15 b8 b7 b0
Direct page register i (DPRi) | ? | ? |
(i=1t03)
b15 b8 b7
Processor status register (PS) |0|O|0|0|0 O|0|0 ?|?|0|0|0|1|?|?|
IPL NV m x D I zZ C

Fig. 3.3.1 State of CPU registers immediately after reset
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RESET

3.3 State of internal area

e SFR area (Addresses 016 to FF16)
Access characteristics
RW : It is possible to read the bit state at reading. The written value becomes valid.
RO : Itis possible to read the bit state at reading. The written value becomes invalid.
WO : The written value becomes valid. It is impossible to read the bit state.
[]: Nothing is assigned. It is impossible to read the bit state. The written value becomes invalid.
State immediately after reset
0 :"0”"immediately after reset. EI : Always “0” at reading.
1 :“1”immediately after reset.
2 1 Undefined immediately after : Always “1” at reading.
reset. : Always undefined at reading.
@ 1 “0” immediately after reset. Fix this bit to “0.”
Address Register name b7 Access characteristics b0 b7 State immediately after reset bo
O (Note 1) ?
1l (Note 1) ?
216 (Note 2) ?
316 Port P1 register RW ?
416 (Note 2) ?
516 Port P1 direction register RW 0016
616 Port P2 register RW ?
7 1 (Note 2) ?
816 Port P2 direction register RW 0016
916 (Note 2) ?
Ass (Note 2) ?
Bis Port P5 register RW | ? I ?
Cis (Note 2) ?
Ds Port P5 direction register RW | 0 | 0]0 | ?
Eis Port P6 register | RW ? ?
Fie Port P7 register | RW ? ?
1016 Port P6 direction register | RW 2 |oJofJo|o]o]o
111 Port P7 direction register | RW ? o(0oj0|O0|O
1216 (Note 2) ?
1316 ?
1416 (Note 2) ?
1516 ?
1616 (Note 2) ?
1716 (Note 2) ?
1816 (Note 2) ?
1916 (Note 2) 7
1A16 ?
1B1e ?
1Css ?
1D1s ?
1E 16 A-D control register 0 RW o|lo[0O|lO|O|?2|?]|?
1F s A-D control register 1 RW 0|0} 0O]0O|0}O]?2]2
Notes 1: Do not read and write.
2: Do not write.

Fig. 3.3.2 State of SFR and internal RAM areas immediately after reset (1)

7906 Group User's Manual Rev.2.0 3-7

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6193519/m37906.html

RESET

3.3 State of internal area

Address

2016
2116
2216
2316
2416
2516
2616
2716
2816
2916
2A16
2Bi6
2Cis
2D1s
2E16
2F 16
3016
3116
3216
336
3416
3516
3616
3716
3816
3916
3A16
3Bis
3Cus
3D
3Es
3F16

Register name

Access characteristics

State immediately after reset
b7 b0

A-D register 0

A-D register 1

A-D register 2

A-D register 3

A-D register 4

UARTO transmit/receive mode register

UARTO baud rate register (BRGO)

UARTO transmit buffer register

UARTO transmit/receive control register 0
UARTO transmit/receive control register 1

UARTO receive buffer register [

UART1 transmit/receive mode register

UART1 baud rate register (BARG1)

UART1 transmit buffer register

UART1 transmit/receive control register O
UART1 transmit/receive control register 1

UART1 receive buffer register

b7
(Note 3) ?
[ (Note 3) olofoJoJoJo] 2
(Note 3) 2
[ (Note 3) olofofoJoo] =
(Note 3) ?
[ (Note 3) oloJofJoJoo] 2
(Note 3) 2
[ (Note 3) olofofoJoo] =
(Note 3) ?
[ (Note 3) olofofofofo] 2
(Note 4) 2
[ (Note 4) ?
[ (Note 4) ?
(Note 4) 2
(Note 4) ?
[ (Note 4) 2
RW 0016
WO 2
WO ?
lwo 2
RW [RO| RW olo[o]ofl1]o0]0]0
RO RWRORW| [o|o|o|oflo]lof[1]o0
RO ?
[rRo| [o]o]oJo]Jo]Jo]Jo]~?
RW 0016
WO ?
WO ?
lwo ?
RW RO[ RwW oloJof[o]|1]o|o0]oO
RO RWRORW| |[o[o]o]olofof[1]o0
RO ?
[RO| [oJoJoJoJo]ofJo]-~

Notes 3: The access characteristics at addresses 2016 to 2916 vary according to the contents of the comparator
function select register 0 (address DC16). (Refer to “CHAPTER 12. A-D CONVERTER.”)
4: Do not write.

Fig. 3.3.3 State of SFR and internal RAM areas immediately after reset (2)
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RESET

3.3 State of internal area

Address Register name Access characteristics State immediately after reset
b7 b0 b7 bo
4016 Count start register 0 RW 0016
4116 Count start register 1 RW ? o|l0|0|0]|O
4216 One-shot start register 0 RW WO 0 ? 0[0J]0|0]|O
4316 One-shot start register 1 RW WO 0 ? 0 [ O] 0} 00
444 Up-down register 0 WO RW 0 O0JO|O[0OJ0O|0O]|O
4516 Timer A clock division select register |RW|RW 0J]0[0]J]0|J0O]|]0O]O]O
4616 , ) (Note 5) ?
474 Timer AQO register [ (Note 5) -
481 Timer Al register [ (Note 5) ?
4916 (Note 5) ?
4 A . ) (Note 5) ?
4B Timer A2 register [ (Note 5) >
4Cas ) ) RW ?
4Dis Timer A3 register [ RW -
4Ess ) . (Note 5) ?
AFs Timer A4 register [ (Note 5) >
001 Timer BO register [ (Note 6) ?
511 (Note 6) ?
521 Timer B1 register [ (Note 6) ?
531 (Note 6) ?
541 Timer B2 register [ (Note 6) ?
5516 (Note 6) ?
5616 Timer A0 mode register RW 0016
571 Timer A1 mode register RW 0016
5816 Timer A2 mode register RW 0016
591 Timer A3 mode register RW 0016
5A6 Timer A4 mode register RW 0016
5B1s Timer BO mode register RW |tote) RW 0|{0|?|0j0|0|0]O
5Cis Timer B1 mode register RW  |tote?) RW 0|0]?|]0|0|]0]|0]O
5Dss Timer B2 mode register RW  [tote?) RW 0|{0|?|0|0|0|0]|O
5Es Processor mode register 0 RW|WO RW 0jJo|0|0|1[0]|]0]|O0
5Fs Processor mode register 1 RW 0 OO0 0001
Notes 5: The access characteristics at addresses 4616 to 4B16, 4E16, and 4F16 vary according to the timer A’'s operating
mode. (Refer to “CHAPTER 7. TIMER A.")
6: The access characteristics at addresses 5016 to 5516 vary according to the timer B’s operating mode. (Refer to
“CHAPTER 8. TIMER B.")
7: The access characteristics for bit 5 at addresses 5B16 to 5D16 vary according to the timer B’s operating mode.
(Refer to “CHAPTER 8. TIMER B.")

Fig. 3.3.4 State of SFR and internal RAM areas immediately after reset (3)
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RESET

3.3 State of internal area

Address Register name Access characteristics State immediately after reset
b7 b0 b7 b0

6016 Watchdog timer register (Note 8) ? (Note 9)
6116 Watchdog timer frequency select register RW|RW| |RW 0|0 ? 0
6216 Particular function select register 0 RW RW (Note 10) 000000 f0]0
6316 Particular function select register 1 |RW| |RW|RW|RW (Note 11 O[O 0[O O[0]Note12
6416 Particular function select register 2 ?
65 16 (Note 13) ?
66 16 Debug control register 0 RW 1 |0 |mez) 0 [0 (Note 12)
67 15 Debug control register 1 RO| RO| |RW|RW| ROlRW 0]0]0|?2]0]0 | 0 | 0
68 16 RW (Note 14) ?
6916  Address comparison register 0 RW (Note 14) ?
6A16 RW (Note 14) ?
6B1s RW (Note 14) ?
6Cis  Address comparison register 1 RW (Note 14) ?
6D1s RW (Note 14) ?
6E1  INTsinterrupt control register RW ? 0(0|0]|]0O]O]|O
6F1s  INTainterrupt control register RW ? 0O|0[O0O[O[OfO
701 A-D conversion interrupt control register RW ? ?2/0[0(0
7116 UARTO transmit interrupt control register RW ? 0]0[0]O0
7216 UARTO receive interrupt control register RW 2 0(0|0]|O
7316 UARTL transmit interrupt control register RW ? 0]0[0]0
74 16 UART1 receive interrupt control register RW ? 0/0|0]|0
7516 Timer AQ interrupt control register RW ? 0/0|0]0
7616 Timer Al interrupt control register RW ? 0[0]0]0O
7716 Timer A2 interrupt control register RW ? 0|0]|O0]O
7816 Timer A3 interrupt control register RW ? 0]0]0]0
7916 Timer A4 interrupt control register RW ? 0]0]0]0
7Aws  Timer BO interrupt control register RW ? 0]0]0]0
7B1s  Timer B1 interrupt control register RW ? 0]0]0]0
7Cis Timer B2 interrupt control register RW ? 0/0|0]|O0
7D1s (Note 13) ?
TE1 (Note 13) ?
TF 16 (Note 13) ?

Notes 8 : By writing dummy data to address 6016, a value of “FFF16” is set to the watchdog timer.
The dummy data is not retained anywhere.
9: Avalue of “FFF16” is set to the watchdog timer. (Refer to “CHAPTER 14. WATCHDOG TIMER.")
10 : After writing “5516” to address 6216, each bit must be set.
11: Itis possible to read the bit state at reading. By writing “0” to this bit, this bit becomes “0.”
But when writing “1” to this bit, this bit will not change.

hardware reset and software reset.
13 : Do not write.

6716) to “1.” (Refer to “CHAPTER 17. DEBUG FUNCTION.")

12 : This bit becomes “0” at power-on reset. This bit retains the state immediately before reset in the case of

14 : When these registers are accessed, set the address comparison register access enable bit (bit 2 at address

Fig. 3.3.5 State of SFR and internal RAM areas immediately after reset (4)
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RESET

3.3 State of internal area

Address Register name Access characteristics State immediately after reset
b7 b0 b7 b0

8016 (Note 15) ?

81, (Note 15) ?

821 (Note 15) ?

83, (Note 15) ?

8416 (Note 15) ?

8516 (Note 15) ?

8616 (Note 15) ?

871 (Note 15) ?

8816 ?

8916 ?

8A (Note 15) ?

8B ?

8Cis (Note 15) ?

8D ?

8E1s (Note 15) ?

8Fu. ?

9016 (Note 15) ?

9116 2

9216 (Note 15) ?

931 ?

9416 ?

9516 External interrupt input read-out register RO ?

9616 D-A control register [RWRW ? [o]o
9716 ?

9816 D-A register 0 RW 0016

9916 D-A register 1 RW 0016

9A16 ?

9B1s ?

9Cus (Note 15) ?

9D1s (Note 15) ?

9Eis Flash memory control register (Note 16) IRWI |RW| |RW| RO 0 | 0 | 0 | 0 | 0 | 0 | 0 l 1
9F 16 ?

Notes 15 : Do not write.
16 : This register is allocated only to the flash memory version. (Refer to “CHAPTER 19. FLASH MEMORY
VERSION."”) This is not allocated to the mask ROM version.
Fig. 3.3.6 State of SFR and internal RAM areas immediately after reset (5)
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RESET

3.3 State of internal area

Notes 17 : Do not write to this register.

Address Register name Access characteristics b7State immediately after resetbo

AO16 (Note 17) ?

Alis ?

A2i6 (Note 17) ?

A3i6 ?

Adis (Note 17) ?

Abis ?

AB1s Wave output mode register RW 0016

A71s Dead-time timer WO ?

AS8i6 Three-phase output data register 0 RW 0016

A916 Three-phase output data register 1 RW 0016

AAus position-data-retain function control register [RW|RO|RO[RO ? jo[o]o]o0
ABus ?

ACuis Serial I/O pin control register |RW|RW|RW|RW 0 | 0 | 0 | 0 | 0 | 0 I 0 | 0
AD1s ?

AE1s Port P2 pin function control register RW| |RW|RW|RW|RW \ﬁ\\l ? | ? | ? | 0 | 0 | 0 | 0
AF16 ?

BO01s (Note 17) 2

Blis (Note 17) ?

B216 (Note 17) ?

B31s6 (Note 17) ?

B4is (Note 17) 2

B5is6 (Note 17) ?

B61s (Note 17) ?

B716 (Note 17) ?

B8us (Note 17) ?

B91s ?

BAus (Note 17) ?

BBu1s (Note 17) ?

BCus Clock control register 0 RWIRWRWRW[Note 18)RWIRW| [0 Jofo[aJo]1] 1)1
BD1s (Note 17) ?

BE:s (Note 17) ?

BFus (Note 17) ?

18 : After reset, these bits are allowed to be changed only once.

Fig. 3.3.7 State of SFR and internal RAM areas immediately after reset (6)
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RESET

3.3 State of internal area

Address Register name Access characteristics State immediately after reset
b7 b0 b7 b0
COss 2
Clis ?
C216 ?
C3 ?
Cdis Up-down register 1 WO RW 0 fokey 0 Reskoskesiey
Cb516 ?
g?iz Timer A5 register [ Ew :
ggi: Timer A6 register [ Ew :
Chuo Timer A7 register [ RW ?
CBuis RW 2
CCo Timer A8 register [ RW ?
CDss RW ?
CEie Timer A9 register [ (Note 19) ?
CFus (Note 19) ?
Bi: Timer AO1 register [ xg :
B;iz Timer Al1 register [ wg :
Do Timer A21 register [ WO ?
D516 WO ?
D616 Timer A5 mode register RW 0016
D716 Timer A6 mode register RW 0016
D816 Timer A7 mode register RW 0016
D916 Timer A8 mode register RW 0016
DA1s Timer A9 mode register RW 0016
DB (Note 20) ?
DCis Comparator function select register 0 RW h\@\\@\ I 0 | 0 | 0 | 0 | 0
DDas (Note 20) ?
DE:s Comparator result register 0 RW oekes] oo Jofo]o
DF1s (Note 20) ?
Notes 19 : The access characteristics at addresses CE16 and CF16 vary according to the timer A’s operating mode. (Refer to
“CHAPTER 7. TIMER A.")
20 : Do not write.

Fig. 3.3.8 State of SFR and internal RAM areas immediately after reset (7)
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RESET

3.3 State of internal area

Address Register name Access characteristics State immediately after reset
b7 b0 b7 b0
EO1s (Note 21) 2
Elis (Note 21) ?
E216 (Note 21) 2
E31s (Note 21) ?
Edis (Note 21) ?
E5i6 (Note 21) ?
E61s (Note 21) 2
E716 (Note 21) ?
E81s (Note 21) 2
E916 (Note 21) 2
EA6 (Note 21) ?
EBu1s (Note 21) 2
ECis (Note 21) 2
EDs6 (Note 21) 2
EEi6 (Note 21) ?
EFie (Note 21) ?
FO1s ?
Flie (Note 21) ?
F216 (Note 21) ?
F316 ?
F416 ?
F516 Timer A5 interrupt control register RW ? ololo|o
F61s Timer A6 interrupt control register RW ? 00|00
F71 Timer A7 interrupt control register RW ? 0[O0 ]|O
F8:1s Timer A8 interrupt control register RW ? oj0f0|O
F9:s Timer A9 interrupt control register RW ? 000 ]|O
FA1s ?
FB1s ?
FCis ?
FDis INTs interrupt control register RW ? 0{0|]0|O0]|O0]|O
FEis INTs interrupt control register RW ? ol0|l0O0|lO|O|O
FFis INT7 interrupt control register RW ? 0{0|]0|O0]|O0]O0O
Notes 21 : Do not write to this register.
e Internal RAM area
S AL NArAWAre FESEL .....eiiiiieiie e Retains the state immediately before reset (Note 22).
o AL SOTIWATE TESEL.....eutiiiiiii ittt Retains the state immediately before reset.
« At termination of the stop or wait mode
(when hardware reset is used for the termination.)..........cccoccvveviieineeennnen. Retains the state immediately before the STP or
WIT instruction is executed.
L o o To =T g o] o I =TT =T TP TP Undefined.
Notes 22 : When a reset operation starts while writing to the internal RAM area is in process, the microcomputer will be
reset before the completion of writing. Accordingly, the contents of the area where the writing was in process
will become undefined.

Fig. 3.3.9 State of SFR and internal RAM areas immediately after reset (8)
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RESET

3.4 Internal processing sequence after reset

3.4 Internal processing sequence after reset
Figure 3.4.1 shows the internal processing sequence after reset.

fsysD
Ancry) X 0015 X 00 X 0015 X

ALAW(CRU) X 000015 X FrFEs X ADsstoADe X

DATA(CPU)D Undefined ><IPL, Vector addresses of reset>< AD1s to ADo >< Next op-code

fsys : System clock (See Figure 4.2.1.)
ADo to AD 15 : Internal address bus
IPL : Processor interrupt priority level

OThis is an internal signal and is not output to the external.

Fig. 3.4.1 Internal processing sequence after reset
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RESET

3.4 Internal processing sequence after reset

MEMORANDUM
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CLOCK GENERATING CIRCUIT

4.1 Oscillation circuit examples

4.1 Oscillation circuit examples

To the oscillation circuit, a ceramic resonator or a quartz-crystal oscillator can be connected, or the clock
which is externally generated can be input. Oscillation circuit examples are shown below.

4.1.1 Connection example with resonator/oscillator

Figure 4.1.1 shows an example where pins Xin and Xour connect across a ceramic resonator/quartz-crystal
oscillator.

The circuit constants such as Rf, Rd, Cin, and Cour (shown in “Figure 4.1.1") depend on the resonator/
oscillator. These values shall be set to the values recommended by the resonator/oscillator manufacturer.

M37906
XIN Xout
— \NAN—9
R
Rd
..—||:|

I CiN I Cout

Fig. 4.1.1 Connection example of resonator/oscillator

4.1.2 Externally generated clock input example
Figure 4.1.2 shows an input example of a clock which is externally generated. An external clock must be
input from pin X, and pin Xour must be left open.
When an externally generated clock is input, the power source current consumption can be saved by the
stop of internal circuit’s operation between pins X and Xour. (Refer to “CHAPTER 16. POWER SAVING

FUNCTION.")
M37906
XIN Xout
T Open
Externally generated clock
vee LITLITLI
Vss
Fig. 4.1.2 Externally generated clock input example
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CLOCK GENERATING CIRCUIT

4.1 Oscillation circuit examples

4.1.3 Connection example of filter circuit
In the usage of the PLL frequency multiplier, be sure to connect a filter circuit with pin Vconr.
Figure 4.1.3 shows a connection example of the filter circuit.

M37906

VCONT

1kQ
 220pF

01F

[

Note: Connect the elements of the filter circuit as
close as possible and enclose the whole
circuit with a Vss pattern.

Fig. 4.1.3 Connection example of filter circuit
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Figure 4.2.1 shows the clock generating circuit block diagram.

CLOCK GENERATING CIRCUIT

4.2 Clocks
4.2 Clocks
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CLOCK GENERATING CIRCUIT
4.2 Clocks

4.2.1 Clocks generated in clock generating circuit

(1) Xin
It is the input clock from pin Xi.

(2) feL
It is the output clock from the PLL frequency multiplier.

(3) fsys
It is the system clock which becomes the clock source of CPU, BIU, and internal peripheral devices.
Whether fXin = fsys or frie = fsys can be selected by software.

(4) goru
It is the operating clock of CPU.

(5) s
It is the operating clock of BIU.

(6) Clock @
It has the same period as fsys.

(7) f1, f2, f16, f64, f512, fa096
Each of them is the internal peripheral device’s operating clock.

(8) Wrs2, Wfs12
These are the operating clocks of the watchdog timer, and their clock source is fa.

(9) fXae, fXa2, TX6a, X128
Each of them is the divide clock of fXin and becomes the watchdog timer’'s clock source at STP
termination.

7906 Group User’'s Manual Rev.2.0 4-5

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6193519/m37906.html

CLOCK GENERATING CIRCUIT
4.2 Clocks

4.2.2 Clock control register 0
Figure 4.2.2 shows the structure of the clock control register 0, and Figure 4.2.3 shows the setting procedure
for the clock control register 0 when using the PLL frequency multiplier.

. b7 b6 b5 b4 b3 b2 bl b0
Clock control register O (Address BCis) T 1 T 1
1 1
Bit Bit name Function Atreset | R/W
0 Fix this bit to “1.” 1 RwW
1 PLL circuit operation enable bit| . p | frequency multiplier is inactive, and pin Vcont 1 RW
(Note 1) is invalid. (Floating)
1: PLL frequency multiplier is active, and pin Vconr is valid.
> S . - | babe 1 RW
PLL multiplication ratio select bits 00 : Do not select.
| (Note 2) 01:02
3 10:03 0 RwW
11:04
4 Fix this bit to “1.” 1 RW
5 System clock select bit 0: fXin 0 RW
(Note 3) | 1: fruL
6 Peripheral device's clock select bit 0| See Table 4.2.2. 0 RwW
7 Peripheral device’s clock select bit 1 0 RW
Notes 1: Clear this bit to “0” if the PLL frequency multiplier needs not to be active.
In the stop and flash memory parallel /O modes, the PLL frequency multiplier is inactive and pin Vconr is invalid regard-
less of the contents of this bit.
2: Rewriting of these bits must be performed simultaneously with clearance of the system clock select bit (bit 5) to “0”. Then,
set bit 5 to “1” 2 ms after the rewriting of these bits. (After reset, these bits are allowed to be changed only once.)
3: Clearance of the PLL circuit operation enable bit (bit 1) to “0” clears the system clock select bit to “0.” Also, while the PLL
circuit operation enable bit = “0,” nothing can be written to the system clock select bit. (Fixed to be “0.”)
Before setting of set the system clock select bit to “1” after reset, it is necessary to insert an interval of 2 ms after the
stabilization of f(Xi).

Fig. 4.2.2 Structure of clock control register

(1) PLL circuit operation enable bit (bit 1)
Setting this bit to “1” enables the PLL frequency multiplier to be active and pin Vcont to be valid.
This bit = “1” while pin RESET = “L” level and after reset, so that, in this case, the PLL frequency
multiplier is active. Clear this bit to “0” if the PLL frequency multiplier need not to be active.
Note that, in the stop and flash memory parallel 1/O modes, the PLL frequency multiplier is in active
and pin Vcont is invalid regardless of the contents of this bit. (Refer to sections “15.3 Stop mode” and
“19.4 Flash memory parallel /0 mode.”)

(2) PLL multiplication ratio select bits (bits 2, 3)
These bits select the multiplication ratio of the PLL frequency multiplier. (See Table 4.2.1.) To rewrite
these bits, clear the system clock select bit (bit 5) to “0” simultaneously. Then, set the system clock
select bit to “1” 2 ms after the rewriting of this bit. (See Figure 4.2.3.)
Note that, after reset, these bits are allowed to be changed only once.
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(3) System clock select bit (bit 5)
This bit selects a clock source of fsys. When this bit = “0,” fXiv is selected as fsys; and when this bit =
“1,” fruL as the one. (See Table 4.2.1.)
Clearing the PLL circuit operation enable bit (bit 1) to “0” clears the system clock select bit to “0.” Also,
while the PLL circuit operation enable bit = “0,” nothing can be written to the system clock select bit.
(Fixed to be “0.”)
In order to set the system clock select bit to “1” after reset, it is necessary to wait 2 ms after the
stabilization of f(Xi).
To rewrite the PLL multiplication ratio select bits (bits 2 and 3), clear the system clock select bit to
“0” simultaneously. Then, set this bit to “1” 2 ms after the rewriting of the PLL multiplication ratio select
bits. (See Figure 4.2.3.)

Table 4.2.1 fsys selection

System clock select bit PLL circuit operation |PLL multiplication ratio select bits fsys
(bit 5) enable bit (bit 1) (bits 3, 2) (Note 1) Clock source |Frequency (Note 2)
0 - - fXin f(Xin)
1 1 01 (double) {0 f(Xiw) O 2
10 (triple) frLL f(Xw) O 3
11 (quadruple) frLL f(Xw) O 4

Notes 1: The PLL multiplication ratio select bits must be set so that fss is in the range from 10 MHz to 20 MHz. After
reset, these bits are allowed to be changed only once.
2: Be sure that fsys does not exceed 20 MHz.

(4) Peripheral device’s clock select bits 1, 0 (bits 7, 6)
These bits select the internal peripheral device’s operation clock frequency listed in Table 4.2.2.

Table 4.2.2 Internal peripheral device’s operation clock frequency

Internal peripheral Peripheral device’s clock select bits 1, 0
device’s operation clock 00 01 (Note) 10 11
f1 fsys fsys fsys/2
f2 fsys/2 fsys fsys/4
fie fsys/16 fsys/8 fsys/32
Do not select.
fea fsys/64 fsys/32 foys/128
fs12 fsys/512 fsys/256 fsys/1024
faooe fsys/4096 fsys/2048 fsys/8192

Note: To set the peripheral device’s clock select bits 1, 0 to “012,” be sure that a frequency of fsys must be 10 MHz or less.
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~

b7 b0
| : | 0 | 0| : | 1| 1| Clock control register O (Address BC16)

PLL frequency multiplier is active, and pin
VconT is valid.

PLL multiplication ratio select bits (Note 1)
b3 b2

01: Double

10: Triple

11 : Quadruple

System clock select bit

\\ 0 : fXiN J

T | (Note 2)
| |
I N |
| 2 ms elapsed ? |
| |
[ v |

Setting of system clock select bit to “1.”

b7 b0

| ' | 1| 1| : | 1 | 1| Clock control register 0 (Address BC16)

System clock select bit
0: fruL

Notes 1: After reset, these bits are allowed to be changed only once. If
it is necessary to write a certain value to these bits, be sure to
write the same value that has been written after the latest reset.
2: This decision is unnecessary If double is selected and the
period of RESET = “L” is “the oscillation stabilizing time of an
oscillator + 2 ms” or more.

Fig. 4.2.3 Setting procedure for clock control register 0 when using PLL frequency multiplier
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4.2.3 Particular function select register 0
Figure 4.2.4 shows the structure of the particular function select register 0, and Figure 4.2.5 shows the
writing procedure for the particular function select register 0.

b7 b6 b5 b4 b3 b2 bl bO
ojo|jo|ofOfO

Particular function select register 0 (Address 621s)

Bit Bit name Function Atreset | R/W
0 STP instruction invalidity select bit| 0 : STP instruction is valid. 0 RW
1 : STP instruction is invalid. (Note)
1 External clcok input select bit 0 : Oscillation circuit is active. (Oscillator is connected.) 0 RW
Watchdog timer is used at stop mode termination. (Note)
1: Oscillation circuit is inactive. (External clock is
input.)

When the system clock select bit (bit 5 at address BCie) =“0,”
watchdog timer is not used at stop mode termination.
When the system clock select bit = “1,”

watchdog timer is used at stop mode termination.

7 to 2 | Fix this bit to “0.” 0 RW

Note: Writing to these bits requires the following procedure:
« Write “5516” to this register. (The bit status does not change only by this writing.)
» Succeedingly, write “0” or “1” to each bit.
Also, use the MOVMB (MOVM when m = 1) instruction or STAB (STA when m = 1) instruction.
If an interrupt occurs between writing of “5516” and next writing of “0” or “1,” latter writing may be ignored. When there is a
possibility that an interrupt occurs at the above timing, be sure to read this bit's contents after writing of “0” or “1,” and verify
whether “0” or “1” has correctly been written or not.

Fig. 4.2.4 Structure of particular function select register 0
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(1) External clock input select bit (bit 1)
When this bit is “0,” the oscillation driver circuit between pins Xin and Xour operates. At the stop mode
termination owing to an interrupt request occurrence, the watching timer is used.
Setting this bit to “1” stops the oscillation driver circuit between pins Xin and Xour and keeps the output
level at pin Xour being “H.” (Refer to section “16.3 Stop of oscillation circuit.”) At the stop mode
termination owing to an interrupt request occurrence, the watchdog timer is not used if the system
clock select bit (bit 5 at address BCis) = “0,” where as the watchdog timer is used if the system clock
select bit = “1.”
To rewrite this bit, write “0” or “1” just after writing of “5516” to address 621s. (See Figure 4.2.5.)
Note that if an interrupt occurs between writing of “5516” and next writing of “0” or “1,” latter writing
may be ignored. When there is a possibility that an interrupt occurs at the above timing, be sure to
read this bit's contents after writing of “0” or “1,” and verify whether “0” or “1” has correctly been
written or not.

In addition, even when the watchdog timer is disabled by the particular function select register 2

(address 6416), the watchdog timer can be active only at the stop mode termination if this bit = “0.”
(Refer to section “15.3 Stop mode.”)

Writing of “5516”
b7 b0

| 0 | 1 | 0 | 1 | 0 | 1 | 0 | 1 | Particular function select register 0 (Address 6216)

E Note: Bits’ state does not change only Next
= by writing of “5516.” instruction
/Writing to bits 0, 1 \
b7 b0
| 0 | 0 | 0 | 0 | 0 | 0 | | | Particular function select register 0 (Address 6216)

STP instruction invalidity select bit
0 : STP instruction is valid.
1: STP instruction is invalid.

External clock input select bit

0 : Oscillation circuit is active. (Oscillator is connected.)
Watchdog timer is used at stop mode termination.

1 : Oscillation circuit is inactive. (External clock is input.)
When the system clock select bit (bit 5 at address BC1s) = “0,”
watchdog timer is not used at stop mode termination.
When the system clock select bit = “1,”
watchdog timer is used at stop mode termination.

. /

Setting completed

Fig. 4.2.5 Writing procedure for particular function select register 0
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[Precautions for clock generating circuit]

[Precautions for clock generating circuit]
1. While pin RESET = “L” level and after reset, the PLL frequency multiplier is inactive. Clear the PLL circuit
operation enable bit (bit 1 at address BCis) to “0” if the PLL frequency multiplier needs not to be active.

2. To select feuL as fsys after reset, set the system clock select bit (bit 5 at address BCis) to “1” 2 ms after
f(Xin) has been stabilized. (See Figure 4.2.3.)

3. To change the multiplication ratio for the PLL frequency multiplier, clear the system clock select bit (bit
5 at address BCis) to “0” simultaneously. Then, set the system clock select bit to “1” 2 ms after the
rewriting of the PLL multiplication ratio select bits (bits 2, 3 at address BCuis). (See Figure 4.2.3.)
After reset, the PLL multiplication ratio select bits are allowed to be changed only once. If it is necessary
to write a certain value to these bits, be sure to write the same value that has been written after the latest
reset.
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[Precautions for clock generating circuit]

MEMORANDUM
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INPUT/OUTPUT PINS

5.1 Overview, 5.2 Programmable 1/O ports

5.1 Overview

Input/output pins (hereafter called 1/0 pins) have functions as programmable 1/O port pins, internal peripheral

devices’s /O pins, etc.

For the basic functions of each I/O pin, refer to section “1.3 Pin description.” For the I/O functions of the
internal peripheral devices, refer to relevant sections of each internal peripheral device.
This chapter describes the programmable 1/0 ports and examples of handling unused pins.

5.2 Programmable 1/O ports

The programmable 1/O ports have direction registers and port registers in the SFR area. Figure 5.2.1 shows

the memory map of direction registers and port registers.

Addresses
316
416
516
616
716
816
916
Al6
B16
Cie
D16
E1ie
F16

1016
1116

Port P1 register

(Note)

Port P1 direction register

Port P2 register

(Note)

Port P2 direction register

(Note)

(Note)

Port P5 register

(Note)

Port P5 direction register

Port P6 register

Port P7 register

Port P6 direction register

Port P7 direction register

Note: Do not write to this address.

Fig. 5.2.1 Memory map of direction registers and port registers
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5.2 Programmable 1/O ports

5.2.1 Direction register
This register determines the 1/O direction of programmable I/O ports. One bit of this register corresponds
to one pin of the microcomputer, and this is the one-to-one relationship.
Figure 5.2.2 shows the structure of port Pi (i = 1, 2, 5 to 7) direction register.

Port Pi direction register (i=1, 2, 5t0 7)
(Addresses 516, 816, D16, 1016, 1116)

b7 b6 b5 b4 b3 b2 bl b0

Bit Bit name Function At reset| R/W
0 Port Pio direction bit 0 : Input mode 0 RW
1 Port Pi1 direction bit (The port functions as an input port.) 0 RW
o - 1 : Output mode
2 Port Pi2 direction bit . 0 RW
(The port functions as an output port.)
3 Port Pis direction bit 0 RW
4 Port Pis direction bit 0 RW
5 Port Pis direction bit 0 RW
6 Port Pis direction bit 0 RW
7 Port Piz direction bit 0 RW

Notes 1: Nothing is assigned for bits 0 to 4 of the port P5 direction register. These bits are undefined at reading.
2: Nothing is assigned for bits 6 and 7 of the port P6 direction register. These bits are undefined at reading.

3: Nothing is assigned for bits 5 to 7 of the port P7 direction register. These bits are undefined at reading.
4: Any of bits 0 to 5 of the port P6 direction register becomes “0” by input of a falling edge to pin P60UTcut/INT4. (Refer to
section “5.2.3 Pin P60UTcut/INT4."”)

Fig. 5.2.2 Structure of port Pi (i = 1, 2, 5 to 7) direction register
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5.2 Programmable 1/O ports

5.2.2 Port register

Data is input from or output to the external by writing/reading data to/from a port register. A port register
consists of a port latch which holds the output data and a circuit which reads the pin state. One bit of the
port register corresponds to one pin of the microcomputer. (This is the one-to-one relationship.) Figure
5.2.3 shows the structure of the port Pi (i = 1, 2, 5 to 7) register.

e When outputting data from programmable I/O port which has been set to output mode
O By writing data to the corresponding bit of the port register, the data is written into the port latch.
O The data is output from the pin according to the contents of the port latch.

By reading the port register of a port which has been set to the output mode, the contents of the port
latch is read out, instead of the pin state. Accordingly, the output data can be correctly read out without
being affected by an external load, etc. (See “Figures 5.2.4 and 5.2.5.")

e When inputting data from programmable I/O port which has been set to input mode
O A pin which has been set to the input mode enters the floating state.
O By reading the corresponding bit of the port register, the data which has been input from the pin can
be read out.

By writing data to a port register of a programmable 1/O port which has been set to the input mode,
the data is written only into the port latch and is not output to the external (Note). This pin remains
floating state.

Note: When executing a read-modify-write instruction to a port register of a programmable 1/O port
which has been set to the input mode, the instruction will be executed to the data which has
been input from the pin and the result will be written into the port register.

b7 b6 b5 b4 b3 b2 bl b0

Port Pi register (i=1, 2,5t0 7)
(Addresses 316, 616, Bis, E16, Fi6)

Bit Bit name Funtion Atreset| R/W
0 Port pin Pio Data is input from or output to a pin by reading from  [Undefined| RW
1 Port pin Pix or writing to the corresponding bit. Undefinedl RW
2 Port pin Piz Undefined| RW
0:“L" level _
3 Port pin Pis 1:“H" level Undefined| RW
4 Port pin Pis Undefined| RW
5 Port pin Pis Undefined| RW
6 Port pin Pis Undefined| RW
7 Port pin Piz Undefined| RW

Notes 1: Nothing is assigned for bits O to 4 of the port P5 register. These bits are undefined at reading.
2: Nothing is assigned for bits 6 and 7 of the port P6 register. These bits are undefined at reading.
3: Nothing is assigned for bits 5 to 7 of the port P7 register. These bits are undefined at reading.

Fig. 5.2.3 Structure of port Pi (i =1, 2, 5 to 7) register
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5.2 Programmable 1/O ports

Figures 5.2.4 and 5.2.5 show the port peripheral circuits.

P12/RxDo, P1ls/RxD1
P21/TA4iN, P23/TA9IN

P5s/INTs/TBOin/IDW
P56/INT6/TB1in/IDV
P57/INT7/TB2in/IDU

P13/TxDo, P17/TxD1

P 60/TAOout/W/R TP Qo
P61/TAOIN/V/RTPOL

P 62/TAlout/URTP Q2
P 63/TALINWI/R TP O3
P 64/TA20ut/VIRTP 10
P6s/TA2NU/RTP 11

P70/ANo, P71/AN1
P72/AN2

P24(/ TBOIN), P25(/ TB1iN)
P26(/ TB2iN), P 27(/ INT3/R TPTRGO)

[Inside dotted-line not included]

[Inside dotted-line included]
P20o/TA4out, P22/TA9out

P60UTcur
Reset

Data bus ——

Py

Direction register

Port latch

Wl

=
o

Data bus ——

S

Data bus ——

Py

A

Data bus ——¢

Direction register

Port latch

v

fDﬁ
>

Direction register
1
— <}—e——o!
Oulputjwiriphial device)
r—| Port latch o
4 1
~
~N
P -
! I
| 4 |
Direction register|
— | R |
T 1
—< |—¢»70 ! j
Output&ir1te_rr1aip:;ipf11al device)
»—| Port latch } o
41 il
~N
~N

|
4O
3

Analog input

O

Fig. 5.2.4 Port peripheral circuits (1)
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5.2 Programmable 1/O ports

0—o
P LICTSIR TSs
P 11/CTSo/C LKo <| ; N
P14/CTS1/RTS1 ) Output (iu!.ematgég[ﬂdevice)
P 15/CTS1/CLK1 Data bus *..—| Port latch o }'7@
b
e it
S
~
—@7
[Inside dotted-line not included] Hk‘w
P73/AN3/DAo %: j

< D
|
[Inside dotted-line included] Databus—»—| Port latch } *- }—“—Q
P74/AN4/DA1/INT3/RTPTRGO J [
I &Y q
|
S
~

Analog input —————e@

—<q—or; l?j» !

T
|
|
|
|

,,,,,,,,,,,,,, Lo

Analog output
Enable D-A output

P60UTcur/INT4 —gq—0

Fig. 5.2.5 Port peripheral circuits (2)

5.2.3 Pin P60UTcut/INT4 (Port-P6-output-cutoff signal input pin)

Any of bits 0 through 5 of the port P6 direction register (address 1016) are forcibly cleared to “0” by input

of a falling edge to pin P6OUTcut/INT4, regardless of the mode of port pins P6o through P6s; therefore, port

pins P6o through P6s enter the input mode. After that, if it is necessary to output data from port pins P6o

through P6s, be sure to do as follows:

O Return the input level at pin P60UTcut/INT4 to “H” level.

0 Write data to the port P6 register (address Eis)’s bits, corresponding to the port P6 pins which will output
data.

0 Set the port P6 direction register’s bits, corresponding to the port P6 pins in O, to “1” in order to set
these port pins to the output mode.

When input level at pin P6OUTcur/INT4 is “L”, no bit of the port P6 direction register can be set to “1.”

When using port pins P6o through P6s as output port pins at all the time, connect pin P60UTcur/INT4 to

Vcc via a resistor. Pin P6OUTcur/INT4 cannot serve as pin TNTa.

Also, when using pin P60UTcut/INT4 as an input pin of an external interrupt (pin INT4), use port pins P6o

through P6s in the input mode.
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5.3 Examples of handling unused pins

5.3 Examples of handling unused pins
When unusing an 1/O pin, some handling is necessary for this pin. Examples of handling unused pins are

described below.

The following are just examples. In actual use, the user shall modify them according to the user’s application

and properly evaluate their performance.

Table 5.3.1 Example of handling unused pins

Pin name

Handling example

P1, P2, P5 to P7

Set these pins to the input mode and connect each
pin to Vcc or Vss via a resistor; or set these pins to
the output mode and leave them open (Note 1).

P60OUTcut/INT4

Connect this pin to Vcc via a resistor.
Select a falling edge for pin INTa.

Xout (Note 2), Vcont (Note 3)

Leave these pins open.

AVcc

Connect this pin to Vcc.

AVss, VRer

Connect these pins to Vss.

Notes 1: When leaving these pins open after they have been set to the output mode, note the following:
these port pins are placed in the input mode from reset until they are switched to the output mode
by software. Therefore, voltage levels of these pins are undefined and the power source current
may increase while these port pins are placed in the input mode.

Software reliability can be enhanced by setting the contents of the above ports’ direction registers
periodically. This is because these contents may be changed by noise, a program runaway which
occurs owing to noise, etc.
For unused pins, use the shortest possible wiring (within 20 mm from the microcomputer’s pins).
2: This applies when a clock externally generated is input to pin Xin.
3: Be sure that the PLL circuit operation enable bit (bit 1 at address BCie) = “0.”

B When setting port pins to input mode

B When setting port pins to output mode

AN
P1, P2 P5to P7 P1,P2 P5to P7 —Left open
—AAAN—
XouT—L i
— eft open
Xour Left open Veont — P
Vcont ——
Vce Vce
R s el T
ci") AVcc (113 AVee 1
[Te) AVss ) AVss
o VRrer o Vrer
(o)) (o))
Vcce Vce
g 777" \ss
PBOUTcur/INT4 P60UTcur/INT4 ]
777 Vss
Fig. 5.3.1 Example of handling unused pins
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MEMORANDUM

5-8 7906 Group User's Manual Rev.2.0

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6193519/m37906.html

Downloaded from Elcodis.com electronic components distributor

CHAPTER 6
INTERRUPTS

6.1 Overview

6.2 Interrupt sources

6.3 Interrupt control

6.4 Interrupt priority level

6.5 Interrupt priority level detection
circuit

6.6 Interrupt priority level detection time

6.7 Sequence from acceptance of
interrupt request until execution of
interrupt routine

6.8 Return from interrupt routine

6.9 Multiple interrupts

6.10 External interrupts

[Precautions for interrupts]


http://elcodis.com/parts/6193519/m37906.html

INTERRUPTS

6.1 Overview

6.1 Overview

The M37906 provides 27 (including the reset) interrupt sources to generate interrupt requests.

Figure 6.1.1 shows the interrupt processing sequence.

When an interrupt request is accepted, a branch is made to the start address of the interrupt routine set
in the interrupt vector table (addresses FFB4is to FFFF16). Set the start address of each interrupt routine to
the corresponding interrupt vector address in the interrupt vector table.

Routine in progress

Interrupt routine

Interrupt processing
Interrupt request is accepted. —m=

Processing is resumed.

RTI instruction

Fig. 6.1.1 Interrupt processing sequence

When an interrupt request is accepted, the following
registers’ contents just before acceptance of an

interrupt request are automatically pushed onto the Stack area
stack area in ascending sequence from 0 to 0. Address
For other registers of which contents are necessary, [S]-5

be sure to push and pop them by software.
[S]-4 Processor status register’s low-order byte (PSL)

O Program bank register (PG)
O Program counter (PCt, PCw)
O Processor status register (PS., PSw) [S]-2 Program counter’s low-order byte (PCL)

[S]-3 Processor status register’s high-order byte (PSH)

. . [S]-1 Program counter’s high-order byte (PCH)
Figure 6.1.2 shows the state of the stack area just

before entering an interrupt routine. [S]P Program bank register (PG)
Execute the RTI instruction at the end of this interrupt
routine in order to return to the routine that the
microcomputer was executing just before the interrupt 0O [S]is an initial address that the stack pointer (S) indicates
request was accepted. By executing the RTI instruction, when an interrupt request is accepted. The S’s contents
the register contents pushed onto the stack area are become *[S] - 5 after all of the above registers are pushed.
pulled in descending sequence from O to 0. Then,

the suspended processing is resumed from where it k= - -
left off. Fig. 6.1.2 State of stack area just before entering

interrupt routine

6-2 7906 Group User's Manual Rev.2.0

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6193519/m37906.html

INTERRUPTS

6.2 Interrupt sources

6.2 Interrupt sources

Tables 6.2.1 and 6.2.2 list the interrupt sources and the interrupt vector addresses. When programming, set
the start address of each interrupt routine to the vector addresses listed in these tables.

Table 6.2.1 Interrupt sources and interrupt vector addresses (1)

Interrupt vector addresses
Interrupt source | High-order | Low-order Remarks Reference
address address
Reset FFFF16 FFFEws |Non-maskable 3. RESET
Zero division FFFDas FFFCis |Non-maskable software interrupt | 7900 Series Software Manual
BRK instruction (Note)| FFFBis FFFA1s |Do not use.
DBC (Note) FFF916 FFF81s
Watchdog timer FFF71s FFF61s |Non-maskable internal interrupt |14. WATCHDOG TIMER
Reserved area FFF516 FFF4:1s |Do not use.
Reserved area FFF316 FFF216
Reserved area FFF11e FFFO16
Reserved area FFEF1s FFEEs
Timer AO FFEDzs FFECis |Maskable internal interrupts 7. TIMER A
Timer Al FFEB16 FFEA1s
Timer A2 FFE91s FFE816
Timer A3 FFE716 FFEG61s
Timer A4 FFE516 FFE416
Timer BO FFE3us FFE2:1s |Maskable internal interrupts 8. TIMER B
Timer B1 FFELlie FFEOs
Timer B2 FFDFis FFDE1s
UARTO receive FFDD1s FFDCis |Maskable internal interrupts 11. SERIAL I/O
UARTO transmit FFDBu1s FFDAss
UART1 receive FFD916 FFD816
UART1 transmit FFD716 FFD61s
A-D conversion FFD516 FFD4:1s |Maskable internal interrupt 12. A-D CONVERTER
INTs FED31s FFD21s |Maskable external interrupts 6.10 External interrupts
INT4 FFD11s FFDO1s
Reserved area FFCFuse FFCEws |Do not use.
Reserved area FFCDas FFCCus
Address matching detection| FFCBae FFCAis |Non-maskable software interrupt [17. DEBUG FUNCTION
Reserved area FFC916 FFC81 |Do not use.
INTs FFC716 FFC61s |Maskable external interrupts 6.10 External interrupts
INTs FFC516 FFC416
INT7 FFC31s FFC21s6

Note: The BRK instruction and the DBC interrupt are used exclusively for a debugger.

e Maskable interrupt: An interrupt of which request’s acceptance can be disabled by software.

e Non-maskable interrupt (including zero division, watchdog timer, and address matching detection interrupts):
An interrupt which is certain to be accepted when its request occurs. These interrupts do not have their
interrupt control registers and are not affected by the interrupt disable flag ().
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6.2 Interrupt sources

Table 6.2.2 Interrupt sources and interrupt vector addresses (2)

Interrupt vector addresses

Interrupt source High-order | Low-order Remarks Reference

address address

Timer A5 FFC1is FFCO01s |Maskable internal interrupts 7. TIMER A

Timer A6 FFBF1s FFBE1s

Timer A7 FFBD1s FFBCs

Timer A8 FFBB1s FFBA1s

Timer A9 FFB916 FFB81s

Reserved area FFB71s FFB6:is |Do not use.

Reserved area FFB51s6 FFB41s

e Maskable interrupt:

An interrupt of which request’'s acceptance can be disabled by software.

6-4
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6.3 Interrupt control

6.3 Interrupt control

The maskable interrupts are controlled by the following :

eInterrupt request bit
eInterrupt priority level select bits

*Processor interrupt priority level (IPL)

eInterrupt disable flag ()

Assigned to the processor status register (PS).

} Assigned to an interrupt control register of each interrupt.

Figure 6.3.1 shows the memory assignment of the interrupt control registers, and Figures 6.3.2 shows their

structures.

Address

6E16

INT3 interrupt control register

6F16

INT4 interrupt control register

7016

A-D conversion interrupt control register

7116

UARTO transmit interrupt control register

7216

UARTO receive interrupt control register

7316

UART1 transmit interrupt control register

7416

UARTL1 receive interrupt control register

7516

Timer AO interrupt control register

7616

Timer Al interrupt control register

7716

Timer A2 interrupt control register

7816

Timer A3 interrupt control register

7916

Timer A4 interrupt control register

TA16

Timer BO interrupt control register

7B16

Timer B1 interrupt control register

7C16

Timer B2 interrupt control register

«

D)
«

F516

Timer A5 interrupt control register

F616

Timer A6 interrupt control register

F716

Timer A7 interrupt control register

F816

Timer A8 interrupt control register

F916

Timer A9 interrupt control register

FD1s6

INTs interrupt control register

FE16

INTs interrupt control register

FFie

INT7 interrupt control register

Fig. 6.3.1 Memory assignment of interrupt control registers
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6.3 Interrupt control

INTs to INT7 interrupt control registers (Addresses 6Eis, 6F16, FD1s, FE1s, FF16)

b7 b6 b5 b4 b3 b2 bl b0

T T

1 1

Bit Bit name Function Atreset| R/W
TAr i b2 b1b0
0 Interrupt priority level select bits 000 : Level 0 (Interrupt disabled) 0 RW
001:Levell
010:Level 2
1 011:Level3 0 | RW
100: Level 4
101:Level5
2 110:Level 6 0 | RW
111:Level?
3 Interrupt request bit (Note 1) 0 : No interrupt requested 0 RW
1 : Interrupt requested (Note 2)
4 Polarity select bit 0 : The interrupt request bit is set to “1” at “H” level 0 RW
when level sense is selected; this bit is set to “1”
at falling edge when edge sense is selected.
1 : The interrupt request bit is set to “1” at “L” level
when level sense is selected; this bit is set to “1”
at rising edge when edge sense is selected.
5 Level sense/Edge sense select | 0 : Edge sense 0 RW
bit 1: Level sense
7,6 | Nothing is assigned. Undefined] —

(Addresses 7016 to 7Cas)
Timers A5 to A9 interrupt control registers (Addresses F516 to F916)

Notes 1: The interrupt request bits of INTz to INT~ interrupts are invalid when the level sense is selected.
2: When writing to this bit, use the MOVM (MOVMB) or STA (STAB, STAD) instruction.

A-D conversion, UARTO and 1 transmit, UARTO and 1 receive,
timers AO to A4, timers BO to B2 interrupt control registers

b7 b6 b5 b4 b3 b2 bl b0

T T

1 1

Bit Bit name Function Atreset| R/W
O i b2 b1b0

0 Interrupt priority level select bits 000 : Level 0 (Interrupt disabled) 0 RW
001:Levell
010:Level 2

1 011:Level3 0 | RW
100:Level4
101:Level5

2 110:Level6 0 RW
111:Level?

3 Interrupt request bit 0 : No interrupt requested 0 RW
1: errupt requested (Note 1)|(Note 2)

7 to 4 | Nothing is assigned. Undefined] —

Notes 1: The A-D conversion interrupt request bit is undefined after reset.
2: When writing to this bit, use the MOVM (MOVMB) or STA (STAB, STAD) instruction.

Fig. 6.3.2 Structure of interrupt control register
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6.3 Interrupt control

6.3.1 Interrupt disable flag (I)

All maskable interrupts can be disabled by this flag. When this flag is set to “1,” all maskable interrupts
are disabled; when this flag is cleared to “0,” those interrupts are enabled. Because this flag is set to “1”
at reset, clear this flag to “0” when enabling interrupts.

6.3.2 Interrupt request bit

When an interrupt request occurs, this bit is set to “1.” This bit remains set to “1” until the interrupt request
is accepted; it is cleared to “0” when the interrupt request is accepted.

This bit can also be set to “0” or “1” by software.

The INT; interrupt request bit (i = 3 to 7) is ignored when the corresponding INT: interrupt is used with the
level sense.

6.3.3 Interrupt priority level select bits and Processor interrupt priority level (IPL)

The interrupt priority level select bits are used to determine the priority level of each interrupt.

When an interrupt request occurs, its interrupt priority level is compared with the processor interrupt priority
level (IPL). The requested interrupt is enabled only when the comparison result meets the following condition.
Accordingly, any interrupt can be disabled by setting its interrupt priority level to O.

Each interrupt priority level > Processor interrupt priority level (IPL)

Table 6.3.1 lists the setting of interrupt priority levels, and Table 6.3.2 lists the enabled interrupt’'s levels
according to the IPL contents.

The interrupt disable flag (1), interrupt request bit, interrupt priority level select bits, and processor interrupt
priority level (IPL) are independent of one another; they do not affect one another. Interrupt requests are
accepted only when all of the following conditions are satisfied.

eInterrupt disable flag (I) = “0”

eInterrupt request bit = “1”

eInterrupt priority level > Processor interrupt priority level (IPL)
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6.3 Interrupt control

Table 6.3.1 Setting of interrupt priority level

Interrupt priority level select bits
b2 bl b0

Interrupt priority level Priority

Level 0 (Interrupt disabled) —

Level Low
Level
Level

Level

Level

Level

|k |k [O0O|0O|O

P |IRP|IO|IO|FR,|PR|IO|O
P|O|RP|O(FR |O|FR|O

N[O |W(IN|F

Level High

Table 6.3.2 Enabled interrupt’s levels according to IPL contents

IPL2 IPL1 IPLo Enabled interrupt’s level
0 0 0 Level 1 and above are enabled.
0 0 1 Level 2 and above are enabled.
0 1 0 Level 3 and above are enabled.
0 1 1 Level 4 and above are enabled.
1 0 0 Level 5 and above are enabled.
1 0 1 Levels 6 and 7 are enabled.
1 1 0 Only level 7 is enabled.
1 1 1 All maskable interrupts are disabled.

IPLo: Bit 8 in processor status register (PS)
IPL:: Bit 9 in processor status register (PS)
IPL2: Bit 10 in processor status register (PS)
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6.4 Interrupt priority level

6.4 Interrupt priority level

When the interrupt disable flag (I) = “0” (interrupts enabled) and more than one interrupt request is detected
at the same sampling timing, which means a timing to check whether an interrupt request exists or not, they
are accepted in descending sequence from the highest priority level.

A maskable interrupt can be set to the desired priority level by using the interrupt priority level select bits.
The priority levels of reset and a watchdog timer interrupt are set by hardware. Figure 6.4.1 shows the
interrupt priority levels set by hardware.

Note that software interrupts are not affected by the interrupt priority levels. Whenever an instruction is
executed, a branch is certainly made to the interrupt routine.

Reset > WatChdog > | > 000000000000000000 >
timer

| Maskable
L interrupts

Priority levels determined by hardware

The user can set the desired priority level to a maskable interrupt.

<

High Priority level Low

Fig. 6.4.1 Interrupt priority levels set by hardware
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6.5 Interrupt priority level detection circuit

6.5 Interrupt priority level detection circuit

The interrupt priority level detection circuit is used to select the interrupt with the highest priority level from
multiple interrupt requests sampled at the same timing. Figure 6.5.1 shows the interrupt priority level detection
circuit.

Level O (Initial value)

I I Interrupt priority level

! Timer A9 |_'_‘| : ___________ q
| | ] y—‘-ll UART1 transmit
: Timer A8 l—\: \( \F/ :
i E \( ,—H UART1 receive
: Timer A7 I-‘—\I !

: : \( \r/,—|: UARTO transmit
: Timer A6 I—v—\: \F/ |
i : \( : UARTO receive
| Timer A5 l—‘: !

: : \( \r/,—,—l' Timer B2

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

=
lmkiﬁ\( \F/' Timer A2
S | \/ W

Interrupt with the highest priority level ¢
v Processor interrupt priority level

Interrupt disable flag (1)

Watchdog timer interrupt
Reset

Acceptance of interrupt request

Fig. 6.5.1 Interrupt priority level detection circuit
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6.5 Interrupt priority level detection circuit

The following explains the operation of the interrupt priority level detection circuit using Figure 6.5.2.
The interrupt priority level of a requested interrupt (Y in Figure 6.5.2) is compared with the resultant priority
level which is sent from the preceding comparator (X in Figure 6.5.2); the interrupt with the higher priority
level will be sent to the next comparator (Z in Figure 6.5.2). (The initial value of the comparison level is “0.”)
For an interrupt which is not requested, the comparison is not performed, and the priority level which is sent
from the preceding comparator is sent to the next comparator as it is. When the two priority levels are found
the same, as a resultant of the comparison, the priority level which is sent from the preceding comparator
will be sent to the next comparator. Accordingly, when the same priority level is set to multiple interrupts
by software, their interrupt priority levels are handled as follows:

Timer A9 > Timer A8 > Timer A7 > Timer A6 > Timer A5 > INT7z > INTs > INTs > INT2 > INTs > A-D conversion
> UART1 transmit > UART1 receive > UARTO transmit > UARTO receive > Timer B2 > Timer B1 > Timer
BO > Timer A4 > Timer A3 > Timer A2 > Timer Al > Timer A0

Among the multiple interrupt requests sampled at the same timing, one request with the highest priority level
is detected by the above comparison.

Then, this highest interrupt priority level is compared with the processor interrupt priority level (IPL). When
this interrupt priority level is higher than IPL and the interrupt disable flag (I) is “0,” the interrupt request is
accepted. An interrupt request which is not accepted here is retained until it is accepted or its interrupt
request bit is cleared to “0” by software.

The interrupt priority level is detected when the CPU fetches an op code, which is called the CPU’s op-code
fetch cycle. However, when an op-code fetch cycle starts during detection of an interrupt priority, a new
interrupt priority detection does not start. (See Figure 6.6.2.) Since the state of the interrupt request bit and
interrupt priority levels are latched during the interrupt priority detection, even if they change, the interrupt
priority detection is performed for the state just before the change occurs.

The interrupt priority level is detected when the CPU fetches an op code. Therefore, in the following case,
no interrupt request is accepted until the CPU fetches the op code of the next instruction after the following
operation is completed:

<Execution of an instruction which requires many cycles, such as the MVN and MVP instructions

Interrupt source Y

Comparator | X : Priority level sent from the preceding

(Priority level comparator (Highest priority level at this point)
comparison) |Y : Priority level of interrupt source Y

Z : Highest priority level at this point

eWhenX=YthenZ=X
eWhen X< Ythenz=Y

Fig. 6.5.2 Interrupt priority level detection model
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6.6 Interrupt priority level detection time

6.6 Interrupt priority level detection time

When the interrupt priority level detection time has passed after sampling starts, an interrupt request is
accepted. The interrupt priority level detection time can be selected by software. (See Figure 6.6.1.) Usually,
select “2 cycles of fsys” as the interrupt priority level detection time.

Figure 6.6.2 shows the interrupt priority level detection time.

b7 b6 b5 b4 b3 b2 bl b0
T

Processor mode register O (Address 5Es) 0 x|x|o ! 0
1 1
Bit Bit name Function Atreset | R/W
0 Processor mode bits b1bo 0 RW

0 0 : Single-chip mode
I 0 1: Do not select.

1 1 0: Do not select. 0 RW
11: Do not select.

2 Any of these bits may be either “0” or “1.” 0 RW
3 1 RW
4 Interrupt priority detection time | bSb4 0 RW

00: 7 cycles of fsys
01 : 4 cycles of fsys
5 10:2cycles of fsys 0 RW
1 1: Do not select.

select bits

6 Software reset bit The microcomputer is reset by writing “1” to this 0 WO
bit. The value is “0” at reading.

7 Fix this bit to “0.” 0 RW

X : It may be either “0” or “1.”

Fig. 6.6.1 Structure of processor mode register 0

fsys | | | | | |_| |_| |_| |_| |—
Op-code fetch cycle | | | |

Sampling pulse [ "V (Note)

(a) 7 cycles of fsys _ L

Interrupt priority level
detection time | (P) 4 cycles of fsys — I

| (c) 2 cycles of fsys | L | |

Note: The pulse resides when “2 cvcles of fsys” is selected.

Fig. 6.6.2 Interrupt priority level detection time
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6.7 Sequence from acceptance of interrupt request until execution of interrupt routine

6.7 Sequence from acceptance of interrupt request until execution of

interrupt routine

The sequence from acceptance of an interrupt request until execution of the interrupt routine is described
below.

When an interrupt request is accepted, the interrupt request bit of the accepted interrupt is cleared to “0.”
And then, the interrupt processing starts from the cycle just after completion of the instruction execution
which was executed at acceptance of the interrupt request. Figure 6.7.1 shows the sequence from occurrence
of an interrupt request until execution of the interrupt routine. After execution of an instruction at acceptance
of the interrupt request is completed, an INTACK (Interrupt Acknowledge) sequence is executed, and a
branch is made to the start address of the interrupt routine allocated in addresses 016 to FFFFus.

In the INTACK sequence, the following are automatically performed in ascending sequence from 0O to .

O The contents of the program bank register (PG) just before performing the INTACK sequence are pushed
onto stack.

O The contents of the program counter (PC) just before performing the INTACK sequence are pushed onto
stack.

O The contents of the processor status register (PS) just before performing the INTACK sequence is
pushed onto stack.

O The interrupt disable flag () is set to “1.”

O The interrupt priority level of the accepted interrupt is set into the processor interrupt priority level (IPL).

O The contents of the program bank register (PG) are cleared to “001,” and the contents of the interrupt
vector address are set into the program counter (PC).

Performing the INTACK sequence requires at least 15 cycles of fss. Figure 6.7.2 shows the INTACK sequence
timing. After the INTACK sequence is completed, the instruction execution starts from the start address of
the interrupt routine.

Interrupt request is accepted.
Interrupt request occurs.

/ 4} ‘@*i *@W > Time,

Instruction | Instruction INTACK sequence Instructions in interrupt routine
1 2
4 O O ad /

Interrupt response time

» @ : Interrupt priority level detection time

0 Time from occurrence of an interrupt request until comparison of an instruction execution which
is in progress at that time.

0 Time from execution start of an instruction next to [0 until completion of execution of the instruction
which was in progress at detection completed.

0 Time required to perform the INTACK sequence (15 cycles of @ at minimum)

Fig. 6.7.1 Sequence from occurrence of interrupt request until execution of interrupt routine
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6.7 Sequence from acceptance of interrupt request until execution of interrupt routine

e When stack pointer (S)’s contents are even at acceptance of an interrupt request with bus cycle = 2¢

(Note) !
foys

N inipininininn il nin
Undefined >< 00 >< 00 >< 00 >< 00 >< 00 >< 00

Undefined 0000 >< [s] >< [S]-2 >< [S]-4 >< FFXX16 >< AD15—ADo
|

1
Undefined >< IPL >< — >< PCH >< PSH ><AD15—ADs><Nextinstruction

|
1
[
1
|
|
T
1
I
[
|
T
1
1
| T
| |
1
|
T
|
|
|
1
1
!
|
|
|
1
1
|
|

(Note)
AD23-AD16

(Note)
AD15-ADo

(Note)
DBi1s—DBs

(Note)
DB7-DBo

Undefined >< > >< PG >< PCL >< PSL >< AD7—ADo ><Nex1 instruction
T

(Note)
RD

Vector address I_‘

(low-order)

P INTACK sequence _

<& >

(Note)
BLW
BHW

I

[S]: Contents of stack pointer (S)
FFXXise: Vector address
fsys, @cpu: Internal clock (See Figure 4.2.1.)
AD2:—ADo: Internal address bus
DB1s—-DBo: Internal data bus

Note: These are internal signals and are not output to the external.

Fig. 6.7.2 INTACK sequence timing (at minimum)

6.7.1 Change in IPL at acceptance of interrupt request

When an interrupt request is accepted, the processor interrupt priority level (IPL) is replaced with the
interrupt priority level of the accepted interrupt. This results in easy control of the processing for multiple
interrupts. (Refer to section “6.9 Multiple interrupts.”)

At acceptance of a watchdog timer interrupt request, a zero division request, or address matching detection
interrupt request or at reset, a value in Table 6.7.1 is set into the IPL.

Table 6.7.1 Change in IPL at acceptance of interrupt request

Interrupts Change in IPL
Reset Level 0 (“0002") is set.
Watchdog timer Level 7 (*1112") is set.
Zero division Not changed.
Address matching detection Not changed.
Other interrupts Accepted interrupt’'s priority level is set.
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6.7 Sequence from acceptance of interrupt request until execution of interrupt routine

6.7.2 Push operation for registers

The push operation for registers performed in the INTACK sequence depends on whether the contents of
the stack pointer (S) at acceptance of an interrupt request are even or odd.

When the contents of the stack pointer (S) are even, the contents of the program counter (PC) and the
processor status register (PS) are simultaneously pushed in a unit of 16 bits. When the contents of the
stack pointer (S) are odd, each of PC and PS is pushed in a unit of 8 bits. Figure 6.7.3 shows the push
operation for registers.

In the INTACK sequence, only the contents of the program bank register (PG), program counter (PC), and
processor status register (PS) are pushed onto the stack area. Other necessary registers must be pushed
by software at the start of the interrupt routine.

By using the PSH instruction, all CPU registers, except the stack pointer (S), can be pushed with 1
instruction.

(1) When contents of stack pointer (S) are even

Address //_\/

[S] -5 (odd) Order for push

[S] — 4 (even) [ Low-order byte of processor status register (PSt)
[J Pushed in a unit of 16 bits.
[S] — 3 (odd) |High-order byte of processor status register (PSH)

[S] — 2 (even) | Low-order byte of program counter (PCt)
U Pushed in a unit of 16 bits.
[S]— 1 (odd) | High-order byte of program counter (PCh)
-—— []

[S] (even) Program bank register (PG)

/_\/

(2) When contents of stack pointer (S) are odd

Address //_\/

[S] -5 (even) Order for push
N\

Pushed in 3 times.

[S] -4 (Odd) Low-order byte of processor status register (PSL) - [

[S] -3 (even) High-order byte of processor status register (PSH) - []

[S] -2 (odd) Low-order byte of program counter (PCL) - [ ¢ Pushed in a unit of 8 bits.
[S] -1 (even) High-order byte of program counter (PCH) - [
[S] (odd) Program bank register (PG) - [])

/\/

O [S]is the initial address that the stack pointer (S) indicates at acceptance of an interrupt request.
The S’s contents become “[S] — 5” after all of the above registers are pushed.

Pushed in 5 times.

Fig. 6.7.3 Push operation for registers
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6.8 Return from interrupt routine, 6.9 Multiple interrupts

6.8 Return from interrupt routine

When the RTI instruction is executed at the end of the interrupt routine, the contents of the program bank
register (PG), program counter (PC), and processor status register (PS) which were pushed onto the stack
area just before the INTACK sequence are automatically pulled. After this, the control returns to the original
routine. And then, the suspended processing, which was in progress before acceptance of the interrupt
request, is resumed.

Before the RTI instruction is executed, registers which were pushed by software in the interrupt routine must
be pulled in the same data length and register length as those in pushing, using the PUL instruction, etc.

6.9 Multiple interrupts

Just after a branch is made to an interrupt routine, the following occur:

eInterrupt disable flag (I) = “1” (Interrupts are disabled.)
eInterrupt request bit of accepted interrupt = “0”
*Processor interrupt priority level (IPL) = Interrupt priority level of accepted interrupt

Accordingly, as long as the IPL remains unchanged, an interrupt request, whose priority level is higher than
that of the interrupt which is in progress, can be accepted by clearing the interrupt disable flag (I) to “0” in
an interrupt routine. In this way, multiple interrupts are processed.

Figure 6.9.1 shows the processing for multiple interrupts.

An interrupt request which has not been accepted because its priority level is lower is retained. When the
RTI instruction is executed, the interrupt priority level of the routine which was in progress just before
acceptance of an interrupt request is pulled into the IPL. Therefore, if the following relationship is satisfied
when interrupt priority level detection is performed next, the retained interrupt request will be accepted.

Retained interrupt request’s priority level > Processor interrupt priority level (IPL)

Note: When any of the following interrupt requests is generated while an interrupt routine is in progress, this
interrupt request is accepted at once: zero division, watchdog timer, and address matching detection.
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6.9 Multiple interrupts

Interrupt request
generated

Nesting

_—

Time

Reset

—

Main routine

Interrupt 1

0

Interrupt priority level = 3

Interrupt 2

D

Interrupt priority level = 5

Interrupt 3

D

Interrupt priority level = 2

>

—>

Multiple interrupts

>

This request cannot be accepted
because its priority level is lower
than the interrupt 1's one.

IPL=0
Interrupt 3

<—— The instruction in the main routine is
not executed.

: Interrupt disable flag

: Processor interrupt priority level

: They are automatically executed.
: They must be set by software.

(0= _

Fig. 6.9.1 Processing for multiple interrupts
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6.10 External interrupts

6.10 External interrupts
The external interrupts consist of INTi interrupts.

6.10.1 INT: interrupt

An INT: (i = 3 to 7) interrupt request occurs by an input signal to pin INT. Table 6.10.1 lists the occurrence
factor of the INT: interrupt request.

The allocation of pin INTs can be changed by the pin INTs/RTPreo select bit. (See Figure 6.10.1.)
When using any of pins P74(P27)/INTs, P5s/INTs, P5s/INTs, P57/INT7 as an input pin of the external interrupt,
be sure to clear the port direction register’s bit corresponding to the above pin. (See Figure 6.10.3.)
When using pin P60UTcur/INT4 as an input pin of an external interrupt (pin INT4), be sure to use port pins
P60 to P6s in the input mode. (Refer to section “5.2.3 Pin P60UTcut/INT2.")

The signal input to pin INT: requires “H” or “L” level width of 250 ns or more, independent of f(X).

By reading out the INT: read bit (See Figure 6.10.2.), the state of pin INT: can be read out.

Note: Selection of the interrupt occurrence factor requires the following conditions:
« when an input signal’s falling edge or “L” level is selected, be sure that “L” level width = 250 ns.
* when an input signal’s rising edge or “H” level is selected, be sure that “H” level width = 250 ns.

Table 6.10.1 Occurrence factor of INTi interrupt request

Level sense/Edge sense Polarity select bit Occurrence factor of interrupt request
select bit (bit 5 at addresses [ (bit 4 at addresses 6Eis, | (An interrupt request occurs when the
6E1s, 6F15, FD16t0 FFie) 6F1s, FD1sto FFis) input signal of pin INT: is as follows.)
INTs to INT- 0 0 Falling edge (Edge sense)
0 1 Rising edge (Edge sense)
1 0 “H” level (Level sense)
1 1 “L” level (Level sense)

The INTi interrupt request occurs by detecting the state of pin INTi all the time. Therefore, when the user
does not use an INTi interrupt, be sure to set the INTi interrupt’s priority level to O.

6-18 7906 Group User's Manual Rev.2.0

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6193519/m37906.html

INTERRUPTS

6.10 External interrupts

b7 b6 b5 b4 b3 b2 bl bho
Port P2 pin function control register (Address AEus) 0

Bit Bit name Function At reset| R/W

0 Pin TBOw select bit 0 : Allocate pin TBOn to P5s. 0 RW
1 : Allocate pin TBOn to P24.
1 Pin TB1n select bit 0 : Allocate pin TB1i to P5e. 0 RW
1 : Allocate pin TB1i to P2s.
2 Pin TB2n select bit 0 : Allocate pin TB2n to P57. 0 RW
1 : Allocate pin TB2in to P2s.
3 Pin INT3s/RTPreo select bit 0: Allocate pin INTs/RTPtrco to P74. 0 RW
(Note) 1: Allocate pin INTs/RTPrco to P27.
6 to 4 | Nothing is assigned. Undefined| —
7 | Fix this bit to “0.” 0 RW

Note: When allocating pin INTs/RTPrrco to P74, be sure the D-A: output enable bit (bit 1 at address 9616) = “0” (output disabled).

Fig. 6.10.1 Structure of port P2 pin function control register

b7 b6 b5 b4 b3 b2 bl b0

External interrupt input read register (Address 951s)

Bit Bit name ‘ Function Atreset| R/W
210 0 | The value is undefined at reading. Undefined| RO
3 INTs read out bit The input level at the corresponding pin is read out.  [Undefined|] RO
4 INT4 read out bit 0:"L"level Undefined| RO
— - 1:“H" level }
5 INTs read out bit Undefined| RO
6 INTe read out bit Undefined| RO
7 INT7 read out bit Undefined| RO

Fig. 6.10.2 Structure of external interrupt input read register
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INTERRUPTS

6.10 External interrupts

b7 b6 b5 b4 b3 b2 bl b0

Port P2 direction register (Address 816)

Bit Corresponding pin Function Atreset| R/W
0 Pin TA4our 0 : Input mode 0 RW
1 | Pin TA4n 1: Output mode 0 RW
2 Pin TA9out . L . 0 RW
When using this pin as an external interrupt’s
3 Pin TA9w input pin, be sure to clear the corresponding 0 RW
4 Pin TBO (Note 1) bit to “0.” 0 RW
5 Pin TB1in (Note 2) 0 RW
6 Pin TB2in (Note 3) 0 RW
7 Pin INTs (RTPrreo) (Note 4) 0 RW

Notes 1: This applies when the pin TBOwn select bit (bit O at address AEie) = “1.”
2: This applies when the pin TB1 select bit (bit 1 at address AEie) = “1.”
3: This applies when the pin TB2in select bit (bit 2 at address AEie) = “1.”
4: This applies when the pin INTs/RTPrco select bit (bit 3 at address AEis) = “1.”
5: () shows the 1/O pins of other internal peripheral device which are multiplexed.

b7 b6 b5 b4 b3 b2 bl b0

Port P5 direction register (Address Dis)

Bit Corresponding pin Function At reset| R/W
4to 0 | Nothing is assigned. Undefined| —
5 Pin INTs (TBOw/IDW) 0 : Input mode 0 RW

1: Output mode

6 Pin INTs (TBLin/IDV) 0 RW

— When using this pin as an external interrupt’s input
7 Pin INT7 (TB2w/IDU) pin, be sure to clear the corresponding bitto “0.” | © RW

Note: ( ) shows the I/O pins of other internal peripheral devices which are multiplexed.

b7 b6 b5 b4 b3 b2 bl b0

Port P7 direction register (Address 1116)

Bit Corresponding pin Function Atreset| R/W
0 Pin ANo 0 : Input mode 0 RW
1 Pin AN 1 : Output mode 0 RW
2 Pin AN2 . - . 0 RW
When using this pin as an external interrupt's
3 Pin ANs/DAo input pin, be sure to clear the corresponding | © RW
4 Pin INTs (AN4/DA/RTPTrc0) bit to “0.” 0 RW
(Note 1)
7105 | Nothing is assigned. Undefined] —

Notes 1: This applies when the pin INTs/RTPrco select bit (bit 3 at address AEie) = “0.”
2: () shows the 1/O pins of other internal peripheral devices which are multiplexed.

Fig. 6.10.3 Relationship between port P2/P5/P7 direction register and external interrupt’s input pins
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INTERRUPTS

6.10 External interrupts

6.10.2 Functions of INTi interrupt request bit
Figure 6.10.4 shows an INTi interrupt request.

(1) Functions when edge sense is selected
In this case, the interrupt request bit has the same function as that of an internal interrupt. That is,
when an interrupt request occurs, the interrupt request bit is set to “1” and retains this state until the
interrupt request is accepted. When this bit is cleared to “0” by software, the interrupt request is
cancelled; when this bit is set to “1” by software, the interrupt request can occur.

(2) Functions when level sense is selected
In this case, the interrupt request bit is ignored.
INT: interrupt requests continuously occur while the level at pin INT; is the valid level™; when the level
at pin INTi changes from the valid level to the invalid level™ before the corresponding INT: interrupt
request is accepted, this interrupt request is not retained. (See Figure 6.10.5.)

Valid level™: This means the level selected by the polarity select bit (bit 4 at addresses 6Eis, 6F1s,
FDis to FFus)
Invalid level™: This means the reversed level of “valid level”

Data bus

Level sense/Edge sense
select bit

PinINTi O Edge detection Interrupt request bit VG
So— = Interrupt request
1l o

circuit

Fig. 6.10.4 INTi Interrupt request

When the level at pin INTi changes
to the invalid level before the INTi
interrupt request is accepted, this

Interrupt request is accepted. interrupt request is not retained.
7 Return to main routine.
Valid O O \
Level at pin INTi H
Invalid O
> -
Main routine Main routine
First interrupt routine Second interrupt Third interrupt
routine routine

Fig. 6.10.5 Occurrence of INTi interrupt request when level sense is selected

7906 Group User's Manual Rev.2.0 6-21

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6193519/m37906.html

INTERRUPTS

6.10 External interrupts

6.10.3 Switching of INT: to interrupt request occurrence factor

When the INT: interrupt request occurrence factor is switched in one of the following ways, there is a
possibility that the corresponding interrupt request bit is set to “1":

« Switching the factor from the level sense to the edge sense

« Switching the polarity

Therefore, after this switching, make sure to clear the corresponding interrupt request bit to “0.” Figure
6.10.6 shows an example of the switching procedure for the INT: interrupt request’s occurrence factor.

(1) Switching the factor from the level sense (2) Switching the polarity
to the edge sense

' '

Set the interrupt priority level to 0 Set the interrupt priority level to 0
or set the interrupt disable flag (1) to “1.” or set the interrupt disable flag (I) to “1.”
(INTi interrupt is disabled.) (INTi interrupt is disabled.)
Clear the level sense/Edge sense select bit to “0.” ( Set the polarity select bit. )

(Edge sense is selected.)

( Clear the interrupt request bit to “0.” )

( Clear the interrupt request bit to “0.”

Set the interrupt priority level to one of

Set the interrupt priority level to one of levels 1-7
levels 1-7 or clear the interrupt disable flag (1) to “0.”
or clear the interrupt disable flag (1) to “0.” (INTi interrupt request is acceptable.)

(INTi interrupt request is acceptable.)

Note: The above settings must be done separately.
Multiple settings must not be done at the same time, in other words, they must not be
done only by 1 instruction.

Fig. 6.10.6 Example of switching procedure for INTi interrupt request’s occurrence factor
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[Precautions for interrupts]

[Precautions for interrupts]

1. In order to change the interrupt priority level select bits (bits O to 2 at addresses 6Eis t0 7Cis, F516 t0 F91s,
FDis to FFis), 2 to 7 cycles of fsys are required after execution of a write instruction until change of the
interrupt priority level. Therefore, when the interrupt priority level of a certain interrupt source is repeatedly
changed in a very short time, which consists of a few instructions, it is necessary to reserve the time
required for the change by software. Figure 6.10.7 shows a program example to reserve the time required
for the change. Note that the time required for the change depends on the contents of the interrupt priority
detection time select bits (bits 4 and 5 at address 5Ei6). Table 6.10.2 lists the correspondence between
the number of instructions inserted in Figure 6.10.7 and the interrupt priority detection time select bits.

MOVMB 00XXH, #0XH ; Write instruction for the interrupt priority level select bits
NOP ; Inserted NOP instruction (Note)
NOP ;

NOP ;
MOVMB 00XXH, #0XH ; Write instruction for the interrupt priority level select bits

Note: Except a write instruction for address XX16, any instruction which has the same
cycles as the NOP instruction can also be inserted, instead of the NOP instruction.
For the number of inserted NOP instructions, see Table 6.10.2.

XX: any of 6E to 7F, F1, F2, F5 to F9, and FD to FF

Fig. 6.10.7 Program example to reserve time required for change of interrupt priority level

Table 6.10.2 Correspondence between number of instructions to be inserted in Figure 6.10.7 and
interrupt priority detection time select bits

Interrupt priority detection time select bits (Note) Interrupt priority level Number of inserted
b5 b4 detection time NOP instructions
0 0 7 cycles of fsys 7 or more
0 1 4 cycles of fsys 4 or more
1 0 2 cycles of fsys 2 or more
1 1 Do not select.

Note: We recommend [b5 = “1", b4 = “0"].

2. When allocating pin INTs to pin P74, be sure that the D-A: output enable bit (bit 2 at address 9616) =
0 (output disabled).

3. When using pin P60UTcut/INT4 as an input pin of an external interrupt (pin INT4), be sure to use port pins
P60 to P6s in the input mode. (Refer to section “5.2.3 Pin P60UTcut/INT4.")
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[Precautions for interrupts]

MEMORANDUM
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CHAPTER 7
TIMER A

7.1 Overview

7.2 Block description

7.3 Timer mode

[Precautions for timer mode]

7.4 Event counter mode

[Precautions for event counter mode]
7.5 One-shot pulse mode
[Precautions for one-shot pulse mode]
7.6 Pulse width modulation (PWM) mode
[Precautions for pulse width modulation
(PWM) mode]
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TIMER A

7.1 Overview

7.1 Overview

Timer A consists of ten counters, Timers AO to A9, each equipped with a 16-bit reload function. Timers A0
to A9 operate independently of one other.

Each timer is equipped with the different operating mode; therefore, in this chapter, timers are referred to
as follows:

e Timers AO to A9; timer Ai (i =0to 9)

e Timer A, equipped with the I/O function; timer Aj (j = 0 to 2, 4, 9)

e Timer A, not equipped with the 1/O function; timer Ak (k = 3, 5 to 8)

Timer Aj (j = 0 to 2, 4, 9) has four operating modes listed below. Except for the event counter mode, timer
Aj has the same functions.

Timer Ak (k = 3, 5 to 8) is equipped with the timer mode only.

Table 7.1.1 lists the functions of timer Ai (i = 0 to 9).

(1) Timer mode : timer Ai (i =0to 9)
In this mode, the timer counts an internally generated count source. For timer Aj (j = 0 to 2, 4, 9),
following functions can be used in this mode:
» Gate function
» Pulse output function

(2) Event counter mode : timer Aj (j = 0to 2, 4, 9)
In this mode, the timer counts an external signal. Following functions can be used in this mode:
» Pulse output function
» Two-phase pulse signal processing function (Timers A2, A4, and A9)

(3) One-shot pulse mode : timer Aj (j =0to 2, 4,9)
In this mode, the timer outputs a pulse which has an arbitrary width once.

(4) Pulse width modulation (PWM) mode : timer Aj (j = 0to 2, 4, 9)
In this mode, the timer outputs pulses which have an arbitrary width in succession. In this mode, the
timer serves as one of the following pulse width modulators:
 16-bit pulse width modulator
* 8-bit pulse width modulator
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TIMER A

7.1 Overview

Table 7.1.1 Functions of timer Ai (i = 0 to 9)

Timer Ai (i=0to 9)
Functions of timers Timer Aj(j=0to 2,4 ,9)| Timer Ak (k =3, 510 8)
TA0| TA1[TA2|TA4|TA9[TA3]TAS| TAB| TA7| TAB
Timer mode Timer Vv v v
Gate function Vv v/ —
Pulse output function Vv Vv —
Event counter mode | Pulse output function Vv v/ —
Two-phase pulse signal processing function — / (Note) —
One-shot pulse mode VA Vv —
Pulse width modulation (PWM) mode VA Vv —

Note: Normal processing for TA2; and quadruple processing for TA4, TA9

Downloaded from Elcodis.com electronic components distributor
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7.2 Block description

7.2 Block description

Figure 7.2.1 shows the block diagram of timer Aj (j = 0 to 2, 4, 9). Figure 7.2.2 shows the block diagram
of timer Ak (k = 3, 5 to 8). Explanation of registers relevant to timer A is described below.

Timer A clock division
select bits (Note) Count source
select bit

16 ggo_o Data bus (odd)

f64<’_%§3(o_o Data bus (even) | | ﬁ

fs12] 21
! (Low-order 8 bits) (High-order 8 bits)
fa096 - ° ~~ N~
Timer mode Timer Aj reload register (16) |<7
One-shot pulse mode
PWM mode
Timer mode N/ N Timer Aj
| ) (Gate function) © i i '; interrupt
Timer Aj counter (16) 4E| request bit
TAle Polarity Event counter mode r
switching Count start bit
——» Trigger Countup/Countdown
Countdown switching
(Always “countdown” except
for in the event counter

Up-down bit o) \o— mode)

Pulse output

function select bit
TAjour O < ngFgle
Note: Common to timers AO to A9.

Fig. 7.2.1 Block diagram of timer Aj (j = 0 to 2, 4, 9)

Data bus (odd)

|[9r

Timer A clock division Data bus (even)

select bits (Note) Count source ) ] )
2 select bit (Low-order 8 bits) (High-order 8 bits)
% <7 <7

fie % | Timer Ak reload register (16)

Timer Ak counter (16)

f512 23 Timer mode <~ < Timer Ak
fa096 L, |—<»—|:| interrupt

request bit

Count start bit

Note: Common to timers AO to A9.

Fig. 7.2.2 Block diagram of timer Ak (k = 3, 5 to 8)
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TIMER A
7.2 Block description

7.2.1 Counter and Reload register (timer Ai register)

Each of timer Ai counter and reload register consists of 16 bits.

Countdown in the counter is performed each time the count source is input. In the event counter mode,
it can also function as an up-counter.

The reload register is used to store the initial value of the counter. When a counter underflow or overflow
occurs, the reload register’s contents are reloaded into the counter.

A value is set to the counter and reload register by writing the value to the timer Ai register. Table 7.2.1
lists the memory assignment of the timer Ai register.

The value written into the timer Ai register while counting is not in progress is set to the counter and reload
register. The value written into the timer Ai register while counting is in progress is set only to the reload
register. In this case, the reload register’s updated contents are transferred to the counter at the next
reload time. The value obtained when reading out the timer Ai register varies according to the operating
mode. Table 7.2.2 lists reading from and writing to the timer Ai register.

Table 7.2.1 Memory assignment of timer Ai register

Timer Ai register

High-order byte

Low-order byte

Timer AO register

Address 4716

Address 4616

Timer Al register

Address 4916

Address 4816

Timer A2 register

Address 4Bis

Address 4Ais

Timer A3 register

Address 4D1s

Address 4Cis

Timer A4 register

Address 4Fie

Address 4Eis

Timer A5 register

Address C716

Address C6is

Timer A6 register

Address C916

Address C8is

Timer A7 register

Address CBuis

Address CAus

Timer A8 register

Address CDis

Address CCis

Timer A9 register

Address CFis

Address CEus

Note: At reset, the contents of the timer Ai register
are undefined.

Table 7.2.2 Reading from and writing to timer Ai register

Operating mode

Read

Write

Timer mode

Event counter mode

Counter value is read out.

(Note 1)

One-shot pulse mode

Pulse width modulation (PWM) mode

Undefined value is read out.

<While counting>

Written only to reload register.
<While not counting>

Written to both of the counter
and reload register.

Notes 1: Also refer to sections “[Precautions for timer mode]” and “[Precautions for event counter

mode].”

2: When reading from and writing to the timer Ai register, perform it in a unit of 16 bits.
3: Each of timers A3 and A5 to A8 is equipped with the timer mode only.
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7.2 Block description

7.2.2 Timer A clock division select register
In the timer mode, one-shot pulse mode, and pulse width modulation (PWM) mode, the count source select
bits (bits 6 and 7 at addresses 5616 to 5A16, D616 to DA1s), and timer A clock division select bits (bits 0 and
1 at address 4516) select the count source. Figure 7.2.3 shows the structure of the timer A clock division
select register. Table 7.2.3 lists the count source (in the timer mode, one-shot pulse mode, and pulse width
modulation (PWM) mode).

Each of timers A3 and A5 to A8 is equipped with the timer mode only.

Timer A clock division select register (Address 4516)

b7 b6 b5 b4 b3 b2 bl bo

T

1

Bit Bit name Function Atreset| R/W

0 Timer A clock division select bits | See Table 7.2.3. 0 RW

1 0 RW
7 to 2 | The value is “0” at reading. 0 -

Fig. 7.2.3 Structure of timer A clock division select register

Table 7.2.3Count source (in timer mode, one-shot
pulse mode, and pulse width modulation
(PWM) mode)

Count source select bits Timer A clock division select bits

(bits 6 and 7 at addresses (bits 0 and 1 at address 451)

5616 10 SAss, D616 t0 DAus) 00 01 10 11
00 f2 f1 f1
01 fie fie fea Do not
10 fea foa fs12 select.
11 fs12 fa096 fao0e

7-6
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TIMER A

7.2 Block description

7.2.3 Count start register
This register is used to start and stop counting. One bit of this registar corresponds to one timer. (This is

the one-to-one relationship.) Figure 7.2.4 shows the structures of the count start registers 0 and 1.

. b7 b6 b5 b4 b3 b2 bl b0
Count start register 0 (Address 4016)
Bit Bit name Function At reset| R/W
0 Timer AO count start bit 0 : Stop counting 0 RW
- - 1 : Start counting
1 Timer Al count start bit 0 RW
2 Timer A2 count start bit 0 RwW
3 Timer A3 count start bit 0 RwW
4 Timer A4 count start bit 0 RwW
5 Timer BO count start bit 0 RW
6 Timer B1 count start bit 0 RW
7 Timer B2 count start bit 0 RW
b7 b6 b5 b4 b3 b2 bl b0
Count start register 1 (Address 411s)
Bit Bit name Function At reset| R/W
0 Timer A5 count start bit 0 : Stop counting 0 RW
- - 1 : Start counting
1 Timer A6 count start bit 0 RwW
2 Timer A7 count start bit 0 RwW
3 Timer A8 count start bit 0 RW
4 Timer A9 count start bit 0 RwW
710 5 | Nothing is assigned. Undefined| —

Fig. 7.2.4 Structures of count start registers 0 and 1
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7.2 Block description

7.2.4 Timer Ai mode register

Figure 7.2.5 shows the structure of the timer Ai mode register. The operating mode select bits are used
to select the operating mode of timer Ai. Bits 2 to 7 have different functions according to the operating
mode. These bits are described in the paragraph of each operating mode.

Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5A1s) b7 b6 bS b4 b3 b2 bl b0
(i=5to9) (Addresses D616 to DA1s) .
Bit Bit name Function Atreset| R/W
i i b1 b0
0 Operating mode select bits 00 : Timer mode 0 RW
0 1 : Event counter mode
1 1 0 : One-shot pulse mode 0 RW
(Note) 11 : Pulse width modulation (PWM) mode
2 These bits have different functions according to the operating mode. 0 RW
3 0 RW
4 0 RW
5 0 RW
6 0 RW
7 0 RW

Note: In timers A3 and A5 to A8, fix these bits to “002.” Do not select “012,” “102,” and “11..”

Fig. 7.2.5 Structure of timer Ai mode register

7-8 7906 Group User's Manual Rev.2.0

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6193519/m37906.html

TIMER A
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7.2.5 Timer Ai interrupt control register

Figure 7.2.6 shows the structure of the timer Ai interrupt control register. For details about interrupts, refer
to “CHAPTER 6. INTERRUPTS.”

. . . . b7 b6 b5 b4 b3 b2 bl b0
Timer Ai interrupt control register (i = 0 to 4) (Addresses 7516 t0 7916) T
(i=51t09) (Addresses F516 to F916) L
Bit Bit name Function Atreset| R/W
iO0ri i b2 b1b0
0 Interrupt priority level select bits 000 : Level O (Interrupt disabled) 0 RW
001:Levell
010: Level 2
1 011:Level3 0 RW
100: Level 4
101:Levelb
2 110 Level 6 0 | RW
111:Level7
3 Interrupt request bit 0 : No interrupt requested 0 RW
1 : Interrupt requested (Note)
7 to 4 | Nothing is assigned. Undefined] —
Note: When writing to this bit, use the MOVM (MOVMB) instruction or STA (STAB, STAD) instruction.

Fig. 7.2.6 Structure of timer Ai interrupt control register

(1) Interrupt priority level select bits (bits 2 to 0)
These bits are used to select a timer Ai interrupt’s priority level. When using timer Ai interrupts,
select the priority level from levels 1 through 7. When a timer Ai interrupt request occurs, its priority
level is compared with the processor interrupt priority level (IPL), so that the requested interrupt is
enabled only when its priority level is higher than the IPL. (However, this applies when the interrupt
disable flag (1) = “0.”) To disable timer Ai interrupts, set these bits to “0002” (level 0).

(2) Interrupt request bit (bit 3)
This bit is set to “1” when a timer Ai interrupt request occurs. This bit is automatically cleared to “0”
when the timer Ai interrupt request is accepted. This bit can be set to “1” or cleared to “0” by
software.
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7.2 Block description

7.2.6 Port P2 and port P6 direction registers

The 1/O pins of timers A0 to A2 are multiplexed with port P6 pins, and the 1/O pins of timers A4 and A9

are multiplexed with port P2 pins. When using these pins as timer Aj (j = 0 to 2, 4, 9)’s input pins, clear

the corresponding bits of the port P6 and port P2 direction registers to “0” in order to set these port pins

for the input mode. When used as timer Aj’'s output pins, these pins are forcibly set to the output pins of

timer Aj regardless of the direction registers’ contents. Figure 7.2.7 shows the relationship between the port

P6 and port P2 direction registers and the timer Aj's 1/O pins.

Note that each bit of the port P6 direction register becomes “0” by an input of a falling edge to pin

P60UTcur. (Refer to section “5.2.3 Pin P60UTcut/INT4.”) When switching the output pins of timers AO to

A2 to the port output pins, the following procedure is required.

O Return the input level at pin P60UTcur to “H.”

0 Write data to the port P6 register’s bit corresponding to the port P6 pin, where data is to be output.

0 Set “1” to the port P6 direction register’s bit corresponding to the above P6 register’s bit; therefore, this
bit enters the output mode.

When the input level at pin P60UTcur = “L,” no bit of the port P6 direction register can be set to “1.”

b7 b6 b5 b4 b3 b2 bl bo

Port P6 direction register (Address 10:s)

Bit Corresponding pin Functions At reset| R/W
0 | Pin TAOour (Pin W/RTPOo) 0 : Input mode 0 RW
1 | Pin TAOw (Pin V/IRTPO1) 1 : Output mode 0 RW
2 Pin TAlout (Pin U/RTPO2) 0 RW

- - When using this pin as timer Aj's input pin, be sure
3 Pin TAlwn (Pin W/RTPOs) . e 0 RW
to clear the corresponding bit to “O.

4 Pin TA2out (Pin V/IRTP10) 0 RW
5 Pin TA2w (Pin U/RTP1y) 0 RW

7,6 | Nothing is assigned. Undefined| —

Notes 1: Each of bits 0 to 5 becomes “0” by an input of the falling edge to pin P60OUTcut/INTa4. (Refer to section “5.2.3 Pin P60UTcur/
INT2.")
2: The pins in () are I/O pins of other internal peripheral devices, which are multiplexed.

b7 b6 b5 b4 b3 b2 bl b0

Port P2 direction register (Address 8:s)

Bit Corresponding pin Functions At reset| R/W
0 Pin TAdour 0 : Input mode 0 RW
1 Pin TA4in 1: Output mode 0 RW
2 Pin TA9our 0 RW
- When using this pin as timer Aj's input pin, be sure
3 Pin TA9in . . 0 RwW
to clear the corresponding bit to “0.”
4 Pin TBOn (Note 1) 0 RW
5 Pin TB1in (Note 2) 0 RW
6 Pin TB2in (Note 3) 0 RW
7 Pin INTs/RTPtreo  (Note 4) 0 RW

Notes 1: This applies when the TBOw pin select bit (bit 0 at address AEis) = 1.
2: This applies when the TB1w pin select bit (bit 1 at address AEis) = 1.
3: This applies when the TB2w pin select bit (bit 2 at address AEis) = 1.
4: This applies when the INTs/RTPrco pin select bit (bit 3 at address AEis) = 1.
5: The pins in () are I/O pins of other internal peripheral devices, which are multiplexed.

Fig. 7.2.7 Relationship between port P6 and port P2 direction registers and timer Aj's 1/O pins
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7.3 Timer mode

7.3 Timer mode

In this mode, the timer counts an internally generated count source. Table 7.3.1 lists the specifications of
the timer mode. Figure 7.3.1 shows the structures of the timer Ai register and timer Ai mode register in the
timer mode.

Table 7.3.1 Specifications of timer mode

Item Specifications
Count source fi f1, f2, fie, fea, fs12, Or faooe
Count operation « Countdown
* When a counter underflow occurs, reload register’'s contents are
reloaded, and counting continues.

Division ratio 1 ) . ) )
m n : Timer Ai register setting value

Count start condition When count start bit is set to “1.”

Count stop condition When count start bit is cleared to “0.”

Interrupt request occurrence timing | When a counter underflow occurs.

TAjin pin function Programmable 1/0O port pin or gate input pin

TAjout pin function Programmable 1/0 port pin or pulse output pin

Read from timer Ai register Counter value can be read out.

Write to timer Ai register e While counting is stopped

When a value is written to the timer Ai register, it is written to both
reload register and counter.

e While counting is in progress
When a value is written to the timer Ai register, it is written to only
reload register. (Transferred to the counter at the next reload timing.)

Note: Only timer Aj (j = 0 to 2, 4, 9) is equipped with the 1/O pins.

7906 Group User's Manual Rev.2.0 7-11

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6193519/m37906.html

TIMER

A

7.3 Timer mode

Timer AO register (Addresses 4716, 4616) Timer A5 register (Addresses C71s, C616)
Timer Al register (Addresses 4916, 4816) Timer A6 register (Addresses C91s, C816)
Timer A2 register (Addresses 4Buis, 4A16) Timer A7 register (Addresses CBis, CAus)
Timer A3 register (Addresses 4Dss, 4Cis) Timer A8 register (Addresses CDis, CCais)
Timer A4 register (Addresses 4F1s, 4E16) Timer A9 register (Addresses CFis, CEas)
(b15) (b8)
b7 b0 b7 b0
T
1
Bit Function At reset| R/W
15 to 0 | Any value in the range from “000016” to “FFFF1s” can be set. Undefined| RW
Assuming that the set value = n, the counter divides the count source frequency by (n + 1).
When reading, the register indicates the counter value.
b7 b6 b5 b4 b3 b2 bl bO
Timer Aj mode register (j = 0 to 2, 4, 9) (Addresses 5616 to 5816, 5A16, DA1s) "ol 0 0
1 1 1
Bit Bit name Function At reset| R/W
0 Operating mode select bits 16“60 Timer mode 0 RW
1 0 RW
2 Pulse output function select bit | O : No pulse output 0 RW
(TAjout pin functions as a programmable I/O port
pin.)
1: Pulse output
(TAjour pin functions as a pulse output pin.)
. . b4 b3
3 Gate function select bits 00: No gate function 0 RW
01: (TAjin pin functions as a programmable 1/0
port pin.)
10: Gate function
(Counter is active only while TAjin pin’s in-
4 put signal is at “L” level.) 0 RW
11: Gate function
(Counter is active only while TAjin pin’s in-
put signal is at “H” level.)
5 Fix this bit to “0” in timer mode. 0 RW
6 Count source select bits See Table 7.2.3. 0 RW
7 0 RwW
b7 b6 b5 b4 b3 b2 bl b0
Timer Ak mode register (k = 3, 5 to 8) (Addresses 5915, D616 to D916) " lolo ololo o
1 1 1
Bit Bit name Function At reset| R/W
0 | Operating mode select bits 5 8- Timer mode 0 RW
1 0 RW
510 2 | Fix these bits to “0000" in timer mode. 0 RW
6 Count source select bits See Table 7.2.3. 0 RW
7 0 RW

Fig. 7.3.1 Structures of timer Ai register and timer Ai mode register in timer mode
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7.3 Timer mode

7.3.1 Setting for timer mode

Figure 7.3.2 shows an initial setting example for registers related to the timer mode.

Note that when using interrupts, set up to enable the interrupts. For details, refer to section “CHAPTER
6. INTERRUPTS.”

'

Selecting timer mode and each function
b7
| T | 0 | T | | 0 0 | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5A16)
1 I (i=5to 9) (Addresses D616 to DA16)
\—L Selection of timer mode
Pulse output function select bit (Note)
0 : No pulse output
1 : Pulses output
Gate function select bits (Note)
b4 b3
00: N
01 No Gate function
1 0: Gate function (Counter counts only while TAjiN pin’s input signal level is “L.")
1 1: Gate function (Counter counts only while TAjiN pin’s input signal level is “H.”)
Count source select bits
See Table 7.2.3.
Note: Valid only in timer Aj (j=0to 2, 4, 9).

\ Invalid in timer Ak (k = 3, 5 to 8); therefore, fix each of these bits to “0.” /
Setting division ratio Timer AO register (Addresses 4716, 4616) \
(b15) (b8) Timer Al register (Addresses 4916, 4816)

b7 b0 b7 b0 Timer A2 register (Addresses 4Bis, 4A16)
| T Timer A3 register (Addresses 4Dzs, 4C16)
L Timer A4 register (Addresses 4F1e, 4E16)

Timer A5 register (Addresses C716, C616)

Timer A6 register (Addresses C916, C816)

Timer A7 register (Addresses CB1s, CAzs)
Timer A8 register (Addresses CDz1s, CCus)

Timer A9 register (Addresses CFis, CE16)

Can be set to “000016” to “FFFF16” (n).

\

. Note: Counter divides the count source frequency .
= SEE NN RN RN RN RN RN
Setting interrupt priority level Setting count start bit to “1.” N
b7 bo Timer Ai interrupt control register b7 bo

| | | | | | T |(| 0to4) (Addresses 7516 to 7916)
-t =5109) (Addresses F5i6to F91s)

| | | | | | | | |Countstart register 0 (Address 401s)

Interrupt priority level select bits
When using interrupts, set these bits to one of

Timer AO count start bit

levels 1to 7. Timer Al count start bit
When disabling interrupts, set these bits to Timer A2 count start bit
level 0.

Timer A3 count start bit

Timer A4 count start bit

Setting port P6 and port P2 direction registers b7 b0

| | | | | | | | |Countstartregisterl(Address4lls)

b7
| | | | | | | | | Port P6 direction register (Address 1016) Timer A5 count start bit
L Pin TAOIN Timer A6 count start bit
————Pin TALN Timer A7 count start bit
——————PinTA2n Timer A8 count start bit
b7 bo

Timer A9 count start bit

| | | | | | | | |Port P2 direction register (Address 816)

\— Pin TA4iN

——Pin TA9N

When gate function is selected, clear the bit corresponding to the TAjin
pin to “0.”
Note: In timers A3, A5 to A8, do not set the above registers.

Count starts.

H
= -
SensssssEREREEEERERERE R R R R R

Fig. 7.3.2 Initial setting example for registers relevant to timer mode
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7.3.2 Operation in timer mode
0 When the count start bit is set to “1,” th

O When a counter underflow occurs, the reload register’'s contents are reloaded, and counting continues.
O The timer Ai interrupt request bit is set to “1” at the underflow in 0. The interrupt request bit remains
set to “1” until the interrupt request is accepted or until the interrupt request bit is cleared to “0” by

software.

e counter starts counting of the count source.

Figure 7.3.3 shows an example of operation in the timer mode.

FFFF16 Starts counting.

000016

Counter contents (Hex.)
=}
:I_i

St ting.
' (a/fi) 0 (n+1) . C?ps counl ing
—

Restarts counting.

Set to “1” by software.

i

|
a4
'
'
'
1
'
T
'
'
'
'
'
'
'
'
'
'
1
]
'
'
'
'
'

Cleared to “0” by software. ' Setto “1" by software.

\

-

Time

Count start bit

Timer Ai interrupt
request bit

T g

[ [ [

fi : Frequency of count source
n : Reload register’s contents

? ?

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

Fig. 7.3.3 Example of operation in timer mode (without pulse output and gate functions)
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7.3.3 Select function
In timer Aj (j = 0 to 2, 4, 9), the gate function or pulse output function can be selected.
The following describes the gate and pulse output functions.

(1) Gate function
The gate function is selected by setting the gate function select bits (bits 4 and 3 at addresses 5616
to 5816, 5A1s, DA1s) to “102" or “11..” The gate function makes it possible to start or stop counting
depending on the TAjwn pin’s input signal. Table 7.3.2 lists the count valid levels.
Figure 7.3.4 shows an example of operation with the gate function selected.
When selecting the gate function, set the port P2 and port P6 direction registers’ bits which correspond
to the TAjin pins for the input mode. Additionally, make sure that the TAjw~ pin’s input signal has a
pulse width equal to or more than two cycles of the count source.

Table 7.3.2 Count valid levels
Gate function select bits

Count valid level (Duration while counter counts)

b4 b3
1 0 While TAjin pin’s input signal level is at “L” level
1 1 While TAjn pin’s input signal level is at “H” level

Note: The counter does not count while the TAjw pin’s input signal is not at the count valid level.

! Time
Set to "1” by software.

e

Count start bit

FFFF16 / 0 Starts counting.
" —H """""""""""""""""""""""" _Ll

[} ' : :
% : ' .., , 0O Stopscounting. | A ',
S ' v : .
i | .
5 ! : :
€ ! | i H
> ! I 1
o ! ' ' -
© | ! ! !

000016 : ' !

|
y

Count valid
TAjN pin’s level
input signal

Invalid level

L

A

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

Timer Aj interrupt
request bit

0 The counter counts while the count start bit = “1” and the TAjin pin’s input signal is at the count valid level.
0 The counter stops counting while the TAjin pin’s input signal is not at the count valid level, and the counter
value is retained.

n : Reload register’s contents

Fig. 7.3.4 Example of operation with gate function selected
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7.3 Timer mode

(2) Pulse output function
The pulse output function is selected by setting the pulse output function select bit (bit 2 at addresses
5616 to 5816, 5A16, DA16) to “1.” When this function is selected, the TAjour pin is forcibly set for the
pulse output pin regardless of the corresponding bits of the port P2 and port P6 direction registers.
The TAjout pin outputs a pulse of which polarity is inverted each time a counter underflow occurs.
When the count start bit (addresses 4016, 4116) is “0” (count stopped), the TAjour pin outputs “L” level.
Figure 7.3.5 shows an example of operation with the pulse output function selected.

FFFFi6
Starts counting. Starts counting.
¥ >
n - e
—p Restarts
- -, - counting.
: A : A : A A

Lol s

Counter contents (Hex.)

Time

Set to “1” by software. Cleared to “0” by software.

¥

ul

Set to “1” by software.

7'4

Count start bit

Pulse output from
TAjouT pin

T —
i_

Timer Aj interrupt
request bit

\ f /

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

n : Reload register’s contents

Fig. 7.3.5 Example of operation with pulse output function selected
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[Precautions for timer mode]

[Precautions for timer mode]

1. Each of timers A3, A5 to A8 is not equipped with the gate function and pulse output function.

2. By reading the timer Ai register, the counter value can be read out at arbitrary timing. However, if the
timer Ai register is read at the reload timing shown in Figure 7.3.6, the value “FFFFis”" is read out. If

reading is performed in the period from when a value is set into the timer Ai register with the counter
stopped until the counter starts counting, the set value is correctly read out.

Reload

Counter value
(Hex.) 2 1 0 n (n-1
Read value
(Hex.) 2 1 0 [FFFFIn-1
n : Reload register’s contents Time

Fig. 7.3.6 Reading timer Ai register
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7.4 Event counter mode

Timer Aj (j = 0 to 2, 4, 9) is equipped with the event counter mode. In this mode, the timer counts an external
signal.

Tables 7.4.1 and 7.4.2 list the specifications of the event counter mode. Figure 7.4.1 shows the structures
of the timer Aj register and timer Aj mode register in the event counter mode.

Each of timers A3, A5 to A8 is not equipped with this mode.

Table 7.4.1 Specifications of event counter mode (when not using two-phase pulse signal processing
function)

Item Specifications
Count source e External signal input to the TAjin pin
e The count source’s valid edge can be selected from the falling edge
and the rising edge by software.
Count operation e Countup or countdown can be switched by external signal or software.
e When a counter overflow or underflow occurs, reload register’'s con-
tents are reloaded, and counting continues.
Division ratio e For countdown 1

(n+1)

e For countup . n: Timer Aj register’s set value

(FFFFw — n + 1)

Count start condition When the count start bit is set to “1.”

Count stop condition When the count start bit is cleared to “0.”

Interrupt request occurrence timing When a counter overflow or underflow occurs.

TAjin pin’s function Count source input

TAjout pin’s function Programmable 1/O port pin, pulse output pin, or countup/countdown
switch signal input pin

Read from timer Aj register Counter value can be read out.

Write to timer Aj register e While counting is stopped

When a value is written to timer Aj register, it is written to both of
the reload register and counter.

e While counting is in progress
When a value is written to timer Aj register, it is written only to the
reload register. (Transferred to the counter at the next reload timing.)
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Table 7.4.2 Specifications of event counter mode (when using two-phase pulse signal processing
function in timers A2, A4, and A9)

Item

Specifications

Count source

External signal (two-phase pulse) input to the following pins:
e TA2iN, TA20uT
e TA4in, TA4out
e TA9IN, TA9our

Count operation

e Countup or countdown can be switched by external signal (two-
phase pulse).

e When a counter overflow or underflow occurs, reload register’s con-
tents are reloaded, and counting continues.

Division ratio

e For countdown 1

(n+1)
e For countup n: Timer A2/A4/A9 register’s set value
1

(FFFFi — n + 1)

Count start condition

When the count start bit is set to “1.”

Count stop condition

When the count start bit is cleared to “0.”

Interrupt request occurrence timing

When a counter overflow or underflow occurs.

Function of the following pins:
e TA2in, TA20uT
e TA4in, TAdout
e TA9IN, TA9out

Two-phase pulse input

Read from timer A2/A4/A9 register

Counter value can be read out by reading timer A2/A4/A9 register.

Write to timer A2/A4/A9 register

e While counting is stopped
When a value is written to timer A2/A4/A9 register, it is written to
both of the reload register and counter.

e While counting is in progress
When a value is written to timer A2/A4/A9 register, it is written only to the
reload register. (Transferred to the counter at the next reload timing.)
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7.4 Event counter mode

Timer AO register (Addresses 4716, 4616)
Timer Al register (Addresses 4916, 4816)

Assuming that the set value = n, the counter divides the count source frequency by (n + 1)
during countdown, or by (FFFFis — n + 1) during countup.
When reading, the register indicates the counter value.

Timer A2 register (Addresses 4Bis, 4A1s) (bb175) (gg) b7 bo
Timer A4 register (Addresses 4F1s, 4E16) T
Timer A9 register (Addresses CFis, CEzs) |

Bit Function Atreset| R/W
15 to 0 |Any value in the range from “00001s" to “FFFF1s” can be set. Undefined| RW

Note: Reading from or writing to this register must be performed in a unit of 16 bits.

Timer Aj mode register (j = 0 to 2, 4, 9) (Addresses 5616 to 5816, 5A16, DA1s)

b7 b6 b5 b4 b3 b2 bl b0

T
X|X|[0 0 1 1
Bit Bit name Function Atreset| R/W
: H b1 b0
0 Operating mode select bits 01 : Event counter mode 0 RW
1 0 RW
2 Pulse output function select bit | 0 : No pulse output (TAjour pin functions as a 0 RW
programmabile I/O port pin.)
1 : Pulse output (TAjour pin functions as a pulse
output pin.)
3 Count polarity select bit 0 : Counts at falling edge of external signal 0 RW
1: Counts at rising edge of external signal
4 Up-down switching factor select | 0 : Contents of up-down register 0 RW
bit 1 : Input signal to TAjour pin
5 Fix this bit to “0” in event counter mode. 0 RW
6 These bits are invalid in event counter mode. 0 RW
7 0 RW

X : It may be either “0" or “1.”

Fig. 7.4.1 Structures of timer Aj register and timer Aj mode register in event counter mode
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7.4 Event counter mode

7.4.1 Setting for event counter mode

Figures 7.4.2 and 7.4.3 show an initial setting example for registers related to the event counter mode.
Note that when using interrupts, set up to enable the interrupts. For details, refer to “CHAPTER 6.

INTERRUPTS.”

|

/

b7
EIED

bo )
| | |O:1|T|merAj

-

Selecting event counter mode and each function

(Addresses 5616 to 5816, 5A16, DA16)
Selection of event counter mode

Pulse output function select bit
0: No pulse output
1: Pulse output

——— Count polarity select bit
0: Counts at falling edge of external signal.
1: Counts at rising edge of external signal.

—— Up-down switching factor select bit
0: Contents of up-down register
1: Input signal to TAjout pin

mode register (j =010 2, 4, 9)

X: It may be either “0” or “1.” /

Setting up—down register
b7 b0

[ fof [ lo] |

LTimer A0 up—down bit
Timer Al up—down bit
Timer A2 up—down bit

———— Timer A4 up—down bit

L Timer A2 two—phase pulse
signal processing select bit

Timer A4 two—phase pulse
signal processing select bit

Timer A9 up—down bit

Timer A9 two—phase pulse
signal processing select bit

.

b7 b0
| | 0 | 0 | | 0 | 0 | 0 | 0 | Up-down register 1 (Address C4is)

| | Up—down register 0 (Address 4416)

Set to the corresponding up—down bit when the
contents of the up-down register are selected as
the up-down switching factor.

0: Countdown

1: Countup

Set the corresponding bit to “1” when the

two—phase pulse signal processing function

is selected for timers A2 and A4.

0: Two—phase pulse signal processing
function disabled

1: Two—phase pulse signal processing
function enabled

Set to the corresponding up—down bit when the contents
of the up-down register are selected as the up-down
switching factor.

0: Countdown

1: Countup

Set the corresponding bit to “1” when the

two—phase pulse signal processing function

is selected for timer A9.

0: Two—phase pulse signal processing
function disabled

1: Two—phase pulse signal processing
function enabled

-

Setting divide ratio

&P B3 o7

Timer AO register (Addresses 4716, 4616)
o Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4Bz1s, 4A16)
Timer A4 register (Addresses 4Fis, 4E16)

Timer A9 register (Addresses CFis, CEzs)

L Can be set to “000016" to “FFFF1s” (n).

= 0O The counter divides the count source frequency by (n + 1)

- when counting down, or by (FFFFis — n + 1) when counting up.

Continued to Figure 7.4.3
on the next page

Fig. 7.4.2 Initial setting example for registers

related to event counter mode (1)
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7.4 Event counter mode

Continued from preceding
Figure 7.4.2

Setting interrupt priority level

| b7| | | | | | Timer Aj interrupt control register (j=0to 2, 4,9)

(Addresses 7516 to 7716, 7916, F916)

Interrupt priority level select bits

When using interrupts, set these bits to one of levels
1to7.

When disabling interrupts, set these bits to level 0.

Setting port P6 and port P2 direction registers

b7 b0
| | | | | | | | |P0rt P6 direction register (Address 1016)

L Pin TAOouT
Pin TAOIN
Pin TAlout
Pin TALIN
Pin TA2out
Pin TA2IN

b7 b0
| | | | | | | | |PortP2direction register (Address 816)

L Pin TAdout
Pin TA4in

Pin TA9ouT
Pin TA9IN

Clear the bit corresponding to the TAjin pin to “0.”
When selecting the TAjout pin’s input signal as up-down switching factor,
clear the bit corresponding to the TAjour pin to “0.”
When selecting the two—phase pulse signal processing function, clear the
\\ bits corresponding to the TA2out, TA4out, and TA9our pins to “0.” /

\

Setting the count start bit to “1”

| | | | | | | |Countstartregister0
(Address 4016)

—

Timer AO count start bit

Timer Al count start bit

Timer A2 count start bit

Timer A4 count start bit

2 Count start register 1
| | | | | | | |(Address411e)

\— Timer A9 count start bit

Count starts.

Fig. 7.4.3 Initial setting example for registers relevant to event counter mode (2)
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7.4.2 Operation in event counter mode

O When the count start bit is set to “1,” the counter starts counting of the count source’s valid edge.

O When a counter underflow or overflow occurs, the reload register’s contents are reloaded, and counting
continues.

O The timer Aj interrupt request bit is set to “1” at the underflow or overflow in 0.
The interrupt request bit remains set to “1” until the interrupt request is accepted or until the interrupt
request bit is cleared to “0” by software.

Figure 7.4.4 shows an example of operation in the event counter mode.

FRFF16] == == === mmmm oo

Starts counting.

Counter contents (Hex.)
>

000016

Time

Set to “1” by software.

Count start bit

Set to “1” by software.

i

Up-down bit

Timer Aj interrupt |—| |—| '
request bit |

\

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

n: Reload register's contents

Note: The above applies when the up-down bit’s contents are selected as the up-down switching factor (i.e., up-down
switching factor select bit = “0").

Fig. 7.4.4 Example of operation in event counter mode (without pulse output and two-phase pulse
signal processing functions)

7906 Group User's Manual Rev.2.0 7-23

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6193519/m37906.html

TIMER A
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7.4.3 Switching between countup and countdown

Figure 7.4.5 shows structures of the up-down registers 0 and 1.

The up-down register or the input signal from the TAjour pin is used to switch countup from and to
countdown. This switching is performed by the up-down bit when the up-down switching factor select bit
(bit 4 at addresses 5616 to 5816, 5A16, DA16) is “0,” and by the input signal from the TAjour pin when the up-
down switching factor select bit is “1.”

When the switching between countup and countdown is set while counting is in progress, this switching is
actually performed when the count source’s next valid edge is input.

(1) Switching by up-down bit
Countdown is performed when the up-down bit is “0,” and countup is performed when the up-down
bit is “1.” Figure 7.4.5 shows the structures of the up-down registers 0 and 1.

(2) Switching by TAjour pin’s input signal
Countdown is performed when the TAjour pin’s input signal is at “L” level, and countup is performed
when the TAjour pin’s input signal is at “H” level.
When using the TAjour pin’s input signal to switch countup from and to countdown, set the port P2
and port P6 direction registers’ bits which correspond to the TAjour pin for the input mode.
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b7 b6 b5 b4 b3 b2 bl b0

Up-down register 0 (Address 441e) 0 0
Bit Bit name Function Atreset| R/W
0 Timer AO up-down bit 0 : Countdown 0 RW
- - 1: Countup
! Timer AL up-down bit This function is valid when the contents of the up- 0 RW
2 Timer A2 up-down bit ?ac::vtvonr register is selected as the up-down switching 0 RW
3 Fix this bit to “0.” 0 RW
4 Timer A4 up-down bit 0 : Countdown 0 RW
1: Countup
This function is valid when the contents of the up-
down register is selected as the up-down switching
factor.
5 Timer A2 two-phase pulse signal| 0: Two-phase pulse signal processing function disabled 0 \WWe}
processing select bit 1: Two-phase pulse signal processing function enabled (Note)
When not using the two-phase pulse signal processing
function, clear the bit to “0.”
The value is “0” at reading.
6 Fix this bit to “0.” 0 WO
(Note)
7 Timer A4 two-phase pulse signal| 0: Two-phase pulse signal processing function disabled 0 wO
processing select bit 1: Two-phase pulse signal processing function enabled (Note)
When not using the two-phase pulse signal processing
function, clear the bit to “0.”
The value is “0” at reading.

Note: Use the MOVM (MOVMB) or STA(STAB, STAD) instruction for writing to bits 5 to 7.

b7 b6 b5 b4 b3 b2 bl b0

Up-down register 1 (Address C4ie) olo olofo]o
Bit Bit name ‘ Function At reset| R/W
3to 0 | Fix these bits to “0000.” 0 RW
4 | Timer A9 up-down bit 0 : Countdown 0 RW
1: Countup
This function is valid when the contents of the up-
down register is selected as the up-down switching
factor.
6,5 | Fix these bits to “00.” 0 WO
(Note)
7 Timer A9 two-phase pulse signal| 0 : Two-phase pulse signal processing function disabled | 0 WO
processing select bit 1: Two-phase pulse signal processing function enabled (Note)
When not using the two-phase pulse signal processing
function, clear the bit to “0.”
The value is “0” at reading.
Note: Use the MOVM(MOVMB) or STA(STAB, STAD) instruction for writing to bits 5 to 7.
Fig. 7.4.5 Structures of up-down registers 0 and 1
7906 Group User’'s Manual Rev.2.0 7-25

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6193519/m37906.html

TIMER A

7.4 Event counter mode

7.4.4 Selectable functions
The following describes the selectable pulse output, and two-phase pulse signal processing functions.

(1) Pulse output function
The pulse output function is selected by setting the pulse output function select bit (bit 2 at addresses
5616 to 5816, 5A16, DA1s) to “1.” When this function is selected, the TAjour pin is forcibly set for the
pulse output pin regardless of the corresponding bits of the port P2 and port P6 direction registers.
The TAjour pin outputs a pulse of which polarity is inverted each time a counter underflow or overflow
occurs. (Refer to Figure 7.3.5).
When the count start bit (addresses 4016, 4116) is “0” (count stopped), the TAjour pin outputs “L” level.

(2) Two-phase pulse signal processing function (Timers A2, A4, A9)
For timers A2, A4, A9, the two-phase pulse signal processing function is selected by setting the two-
phase pulse signal processing select bits (bits 5 and 7 at address 44s, bit 7 at address C4i¢) to “1.”
(See Figure 7.4.5.) Figure 7.4.6 shows the timer A2/A4/A9 mode registers when the two-phase pulse
signal processing function is selected.
For timers with two-phase pulse signal processing function selected, the timer counts two kinds of
pulses of which phases differ by 90 degrees. There are two types of the two-phase pulse signal
processing: normal processing and quadruple processing. In timer A2, normal processing is performed,;
in timers A4 and A9, quadruple processing is performed.
For the port P2 and P6 direction registers’ bits corresponding to the pins used for two-phase pulse
input, be sure to set these bits for the input mode.

b7 b6 b5 b4 b3 b2 bl b0 Timer A2 mode register (Address 5816)
|D I] | 0 | 1 | 0 | 0 | 0 | 1 | Timer A4 mode register (Address 5A1s)
Timer A9 mode register (Address 5D16)

0 : It may be either “0” or “1.”

Fig. 7.4.6 Timer A2/A4/A9 mode registers when two-phase pulse signal processing function is selected
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TIMER A

7.4 Event counter mode

<Normal processing>

Countup is performed at the rising edges
input to the TA2iNn pin when the TA2in and
TA2out have the relationship that the TA2in
pin’s input signal goes from “L” to “H” while
the TA2ouT pin’s input signal is at “H” level.
Countdown is performed at the falling edges
input to the TA2IN pin when the TA2iNn and
TAZ2out have the relationship that the TA2iN
pin’s input signal goes from “H” to “L” while
the TA2out pin’s input signal is “H.” (See
Figure 7.4.7.)

<Quadruple processing>
Countup is performed at all rising and fall-
ing edges input to the TAmout and TAmMIN
pins when the TAmin and TAmourt have the
relationship that the TAmin pin’s input sig-
nal level goes from “L” to “H” while the
TAmouT pin’s input signal is at “H” level.
Countdown is performed at all rising and
falling edges input to the TAmout and TAmN
pins when the TAmin and TAmout have the
relationship that the TAmin pin’s input sig-
nal level goes from “H” to “L” while the
TAmout pin’s input signal is at “H” level.
(See Figure 7.4.8.)
Table 7.4.3 lists the input signals on the
TAmout and TAmIN pins when the quadruple
processing is selected.

e
TA2out
e
“q
TA2IN
'K | | ‘ ‘ ‘
Countup  Countup ~ Countup Countdown Countdown Coqntdown

+1 +1 +1 1 = 1

Fig. 7.4.7 Normal processing

Counted up at all edges. Countéd down at all edges.
41 +1 41 41 +1 4041 o4 a4
apypr
TAmMIN
an

Counted up at all edges. Counted down at all edges.

+1 41 41 41 41 404 4 a1 A

Fig. 7.4.8 Quadruple processing

Table 7.4.3 TAmour and TAmmn pin’s input signals when quadruple processing is selected

Input signal to TAmouT pin Input signal to TAmIN pin
Countup “H" level Rising edge
“L” level Falling edge
Rising edge “L” level
Falling edge “H” level
Countdown “H” level Falling edge
“L" level Rising edge
Rising edge “H” level
Falling edge “L” level

7906 Group User’'s Manual Rev.2.0

Downloaded from Elcodis.com electronic components distributor

7-27


http://elcodis.com/parts/6193519/m37906.html

TIMER A

[Precautions for event counter mode]

[Precautions for event counter mode]
1. Each of timers A3, A5 to A8 is not equipped with the event counter mode.

2. While counting is in progress, by reading the timer Aj (j = 0 to 2, 4, 9) register, the counter value can
be read out at any timing. However, if the timer Aj register is read at the reload timing shown in Figure
7.4.9, the value “FFFF16” (at an underflow) or “000016” (at the overflow) is read out. If reading is
performed in the period from when a value is set into the timer Aj register with the counter stopped until
the counter starts counting, the set value is correctly read out.

(1) For countdown (2) For countup
Reload Reload
o S 2 1|0 |n |n-1 counter oS |FFFD|FFFE[FFFF[ n [n+1
R | T T ' T ' ' Read value T T T T T T
ead(VHii_e) 2 | 1| o |FFFF|In-1 (Hex) |FFFD|FFFE|FFFF|0000(n + 1
_> -
Time Time
n : reload register’s contents n : reload register's contents

Fig. 7.4.9 Reading timer Aj register

3. The TAjout pin is used for all functions listed below. Accordingly, only one of these functions can be
selected for each timer.
e Switching between countup and countdown by TAjouT pin’s input signal
e Pulse output function
e Two-phase pulse signal processing function (Timers A2, A4, A9)
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TIMER A

7.5 One-shot pulse mode

7.5 One-shot pulse mode

Timer Aj (j = 0 to 2, 4, 9) is equipped with the one-shot pulse mode. In this mode, the timer outputs a pulse
which has an arbitrary width once.

When a trigger occurs, the timer outputs “H” level from the TAjour pin for an arbitrary time. Table 7.5.1 lists
the specifications of the one-shot pulse mode. Figure 7.5.1 shows the structures of the timer Aj register and

timer Aj mode register in the one-shot pulse mode.
Each of timers A3, A5 to A8 is not equipped with this mode.

Table 7.5.1 Specifications of one-shot pulse mode

Item

Specifications

Count source fi

f1, f2, fle, f64, f512, or faoes

Count operation

e Countdown

e When the counter value becomes “00001s,” reload register’'s con-
tents are reloaded, and counting stops.

e If a trigger occurs during counting, reload register’s contents are
reloaded, and counting continues.

Output pulse width (“H”)

n . . .
5 [s] n: Timer Aj register’s set value
i

Count start condition

e When a trigger occurs. (Note)
e Internal or external trigger can be selected by software.

Count stop condition

e When the counter value becomes “00001¢”
e When the count start bit is cleared to “0”

Interrupt request occurrence timing

When counting stops.

TAjin pin’s function

Programmable 1/0O port pin or trigger input pin

TAjout pin’s function

One-shot pulse output

Read from timer Aj register

An undefined value is read out.

Write to timer Aj register

e While counting is stopped
When a value is written to timer Aj register, it is written to both of
the reload register and counter.

e While counting is in progress
When a value is written to timer Aj register, it is written only to the
reload register. (Transferred to counter at the next reload timing.)

Note: The trigger is generated with the count start bit = “1.”
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TIMER

A

7.5 One-shot pulse mode

Timer AO register (Addresses 4716, 4616)
Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4Bis, 4A1s) (b15) (b8)

Assuming that the set value = n, the “H” level width of the one-shot pulse which is

output from the TAjour pin is expressed as follows : n

i

. . b7 b0 b7 b0
Timer A4 register (Addresses 4Fis, 4Eas) T
Timer A9 register (Addresses CFis, CEzs) |
Bit Function Atreset| R/W
15to 0| Any value in the range from “00001¢" to “FFFF16” can be set. Undefined] WO

fi: Frequency of count source
Note: Use the MOVM or STA(STAD) instruction for writing to this register.
Writing to this register must be performed in a unit of 16 bits.

b7 b6 b5 b4 b3 b2 bl bO
T T T

Timer Aj mode register (j = 0 to 2, 4, 9) (Addresses 5616 to 5816, 5A16, DAus) o 110
1 1 1
Bit Bit name Function Atreset| R/W
0 | Operating mode select bits bllgo: One-shot pulse mode 0 RW
1 0 RW
2 Fix this bit to “1” in one-shot pulse mode. 0 RW
3 | Trigger select bits 00: Writing “1” to one-shot start bit 0 RW
01: (TAji pin functions as a programmable 1/0
4 10: FallipnogrteF:jlgg of TAjin pin’s input signal 0 RW
11 : Rising edge of TAjn pin’s input signal
5 Fix this bit to “0” in one-shot pulse mode. RW
Count source select bits See Table 7.2.3. RW
7 | 0 RW

Fig. 7.5.1 Structures of timer Aj register and timer Aj mode register in one-shot pulse mode
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TIMER A

7.5 One-shot pulse mode

7.5.1 Setting for one-shot pulse mode
Figures 7.5.2 and 7.5.3 show an initial setting example for registers related to the one-shot pulse mode.

Note that when using interrupts, set up to enable the interrupts. For details, refer to “CHAPTER 6.
INTERRUPTS.”

Selecting one-shot pulse mode and each function

b7| T T i Timer Aj mode register (j=0to 2, 4, 9)
L, [of | [1f2)0] (Addresses 5616 to 5815, 5A1s, DA16)

Selection of one-shot pulse mode

Trigger select bits

b4 b3

00: i+ wqn it q
01: ( Writing “1" to one-shot start bit: Internal trigger

1 0: Falling of TAjin pin’s input signal: External trigger
11 : Rising of TAjin pin’s input signal: External trigger

Count source select bits
See Table 7.2.3.

- /

ing “H” level width of -sh I ) .
(?fst)tmg evel width o (c:)r;;a shot pulse Timer AO register (Addresses 4716, 4616)
b7

b0 b7 bo Timer Al register (Addresses 4916, 4816)
T Timer A2 register (Addresses 4B1s, 4A16)
! Timer A4 register (Addresses 4F1s, 4E1s)

Timer A9 register (Addresses CFi6, CE16)

Can be set to “000016” to “FFFF16” (n).

Note. “H” level width = N

1
fi = Frequency of count source
However, if n = “000016”", the counter does not operate and the
TAjourt pin outputs “L” level. At this time, no timer Aj interrupt
request occurs.

Setting interrupt priority level

Timer Aj interrupt control register (j= 0 to 2, 4, 9)

b7 b0
| (Addresses 7516 to 7716, 7916, F916)

Interrupt priority level select bits
When using interrupts, set these bits to one of levels 1 to 7.
When disabling interrupts, set these bits to level 0.

Continued to Figure 7.5.3
on the next page

Fig. 7.5.2 Initial setting example for registers related to one-shot pulse mode (1)
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TIMER A

7.5 One-shot pulse mo

de

When external trigger
is selected

Continued from preceding
Figure 7.5.2

-

Setting port P6 and port P2 direction registers

When internal trigger
is selected

~

Setting count start bit to “1”

-

Clear the corresponding bit to “0.”

RN

b7 bo anti ; b7 B0 Count start register 0
LT T T T T T T Iiatras oy reoser [T T T T T T T ] ddess 0.9
\; Pin TAOIN Timer AO count start bit
Pin TALIN ——— Timer A1 count start bit
Pin TAZIN Timer A2 count start bit
|b7 | | | | | | | bol Port P2 direction register Timer A4 count start bit
(Address 816)
_ B o i Count start register 1
Pin TA4IN | | | | | | | | | (Address 4116)
Pin TA9IN

Timer A9 count start bit

~

%

Setting count start bit to “1”
b7 b0

N

b7

Count start register 0
| (Address 4016)

b0
Lol [ 1 fo] [ 1]

b0

Timer AO count start bit
Timer Al count start bit

Timer A2 count start bit
Timer A4 count start bit

Count start register 1
| (Address 4116)

-

LTI T
L

b7 b0
o] [ | fofofofo]

Timer A9 count start bit

TAjiN

Trigger input to

-

Setting one-shot start bit to “1”

One-shot start register 0
(Address 4216)

Timer AO one-shot start bit

Timer Al one-shot start bit
Timer A2 one-shot start bit

Timer A4 one-shot start bit

One-shot start register 1
(Address 4316)

Timer A9 one-shot start bit

~

%

pin

"Sasmmnans

Trigger generated

Count starts.

Fig. 7.5.3 Initial setting example for registers related to one-shot pulse mode (2)
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TIMER A

7.5 One-shot pulse mode

7.5.2 Trigger

The counter is enabled for counting when the count start bit (addresses 4016, 4116) has been set to “1.” The
counter starts counting when a trigger is generated after counting has been enabled. An internal or external
trigger can be selected as that trigger.

An internal trigger is selected when the trigger select bits (bits 4 and 3 at addresses 5616 to 5816, 5A16, DA1s)
are “002" or “012"; an external trigger is selected when the bits are “102" or “112.”

If a trigger is generated during counting, the reload register's contents are reloaded and the counter
continues counting. If a trigger generated during counting, make sure that a certain time which is equivalent
to one cycle of the timer’'s count source or more has passed between the previously trigger occurrence and
a new trigger occurrence.

(1) When selecting internal trigger
A trigger is generated when writing “1” to the one-shot start bit (addresses 426, 4316). Figure 7.5.4
shows the structures of the one-shot start registers 0 and 1.

(2) When selecting external trigger
A trigger is generated at the falling edge of the TAjn pin’s input signal when bit 3 at addresses 5616
to 5816, 5A16, DA1s is “0,” or at its rising edge when bit 3 is “1.”
When using an external trigger, set the port P2 and port P6 direction registers’ bits which correspond
to the TAjin pins for the input mode.
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7.5 One-shot pulse mode

b7 b6 b5 b4 b3 b2 bl b0

One-shot start register 0 (Address 4216) 0 0
Bit Bit name Function Atreset| R/W
0 Timer AO one-shot start bit 1 : Start outputting one-shot pulse. 0 WO
- - (Valid when an internal trigger is selected.) —

1 Timer Al one-shot start bit 0 WO

2 Timer A2 one-shot start bit The value is 0" at reading. 0 WO

3 Fix this bit to “0.” 0 \'Ye}

4 Timer A4 one-shot start bit 1 : Start outputting one-shot pulse. 0 wO

(Valid when an internal trigger is selected.)
The value is “0” at reading.
6,5 | Nothing is assigned. Undefined| —

7 Fix this bit to “0.” 0 RW
b7 b6 b5 b4 b3 b2 bl b0
One-shot start register 1 (Address 4316) 0 olololo
Bit Bit name Function Atreset| R/W
31to 0 | Fix these bits to “0000.” 0 WO

4 Timer A9 one-shot start bit 1 : Start outputting one-shot pulse. 0 WO

(Valid when an internal trigger is selected.)
The value is “0” at reading.
6,5 | Nothing is assigned. Undefined| —

7 Fix this bit to “0.” 0 RW

Fig. 7.5.4 Structures of one-shot start registers 0 and 1
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TIMER A

7.5 One-shot pulse mode

7.5.3 Operation in one-shot pulse mode

0 When the one-shot pulse mode is selected with the operating mode select bits, the TAjour pin outputs
“L” level.

O When the count start bit is set to “1,” the counter is enabled for counting. After that, counting starts when
a trigger is generated.

O When the counter starts counting, the TAjour pin outputs “H” level. (When a value of “00001” is set to
the timer Aj register, the counter stops operating, the output level at pin TAjour remains “L,” and no timer
Aj interrupt request does not occur.)

O When the counter value becomes “00001s,” the output from the TAjour pin becomes “L” level.
Additionally, the reload register’s contents are reloaded and the counter stops counting there.

O Simultaneously with 00, the timer Aj interrupt request bit is set to “1.”

This interrupt request bit remains set to “1” until the interrupt request is accepted or until the interrupt
request bit is cleared to “0” by software.

Figure 7.5.5 shows an example of operation in the one-shot pulse mode.

When a trigger is generated after 0 above, the counter and TAjour pin perform the same operations
beginning from O again. Furthermore, if a trigger is generated during counting, the counter performs
countdown once after this new trigger is generated, and then, it continues counting with the reload register’'s
contents reloaded. If generating a trigger during counting, make sure that a certain time which is equivalent
to one cycle of the timer’'s count source or more has passed between the previously trigger occurrence and
a new trigger occurrence.

The one-shot pulse output from the TAjour pin can be disabled by clearing the timer Aj mode register’s bit
2 to “0.” Accordingly, timer Aj can also be used as an internal one-shot timer that does not perform the
pulse output. In this case, the TAjour pin functions as a programmable 1/O port pin.
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7.5 One-shot pulse mode

FFFF16 n = Reload register’'s contents

Stops
Starts counting. , counting. . Starts counting. , Stops counting.
+— > —>

B .
.., Reloaded A Reloaded A

Counter contents (Hex.)

000116

Time
Set to “1” by software.

O Count start bit

O Trigger during counting

TAji pin
input signal 4

/%) 0 M E @/f)0(n+1)

One-shot pulse
output from 1

TAjour pin

Timer Aj interrupt l_ '7
request bit

fi : Frequency of count source %

n : Reload register's contents Cleared to “0” when interrupt request is accepted
or cleared by software.

0 When the count start bit = “0” (counting stopped), the TAjour pin outputs “L” level.
0 When a trigger is generated during counting, the counter counts the count source (n + 1) times after a new trigger is generated.

Note: The above applies when an external trigger (rising edge of TAjin pin’s input signal) is selected.

Fig. 7.5.5 Example of operation in one-shot pulse mode (selecting external trigger)
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TIMER A

[Precautions for one-shot pulse mode]

[Precautions for one-shot pulse mode]
1. Each of timers A3, A5 to A8 is not equipped with the one-shot pulse mode.

2. If the count start bit is cleared to “0” during counting, the counter becomes as follows:
*The counter stops counting, and the reload register’s contents are reloaded into the counter.
*The TAjour pin’s output level becomes “L.”
*The timer Aj interrupt request bit is set to “1.”

3. A one-shot pulse is output synchronously with an internally generated count source. Accordingly, when
selecting an external trigger, there will be a delay equivalent to one cycle of the count source at
maximum, in a period from when a trigger is input to the TAjn pin until a one-shot pulse is output.

Trigger input
TAji pin’s
input signal *

i
'
'
Count :
source N
i

One-shot pulse
output from
TAjout pin

Starts outputting of one-shot pulse

«—»

Note: The above applies when an external trigger (falling edge of TAjin pin’s input signal) is selected.

Fig. 7.5.6 Output delay in one-shot pulse output

4. When the timer’s operating mode has been set by one of the following procedures, the timer Aj interrupt
request bit will be set to “1.”
e When the one-shot pulse mode is selected after reset
e When the operating mode is switched from the timer mode to the one-shot pulse mode
e When the operating mode is switched from the event counter mode to the one-shot pulse mode

Accordingly, when using a timer Aj interrupt (interrupt request bit), be sure to clear the timer Aj interrupt
request bit to “0” after the above setting.
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7.6 Pulse width modulation (PWM) mode

7.6 Pulse width modulation (PWM) mode

Timer Aj (j = 0 to 2, 4, 9) is equipped with the pulse width modulation (PWM) mode.

In this mode, the timer continuously outputs pulses which have an arbitrary width. Table 7.6.1 lists the
specifications of the PWM mode. Figure 7.6.1 shows the structures of the timer Aj register and timer Aj

mode register in the PWM mode.

Each of timers A3, A5 to A8 is not equipped with this mode.

Table 7.6.1 Specifications of PWM mode

Item

Specifications

Count source fi

fl, f2, f16, f64, f512, or faoss

Count operation

e Countdown (operating as an 8-bit or 16-bit pulse width modulator)

e Reload register’s contents are reloaded at rising edge of PWM pulse,
and counting continues.

e A trigger generated during counting does not affect the counting.

PWM period/“H” level width

<16-bit pulse width modulator>
: (2*°-1)
Period = Th [s]
n
“H” level width = i [s]

n : Timer Aj register’'s set value

<8-bit pulse width modulator>

(m + 1)(2°-1) m:Timer Aj register’s low-order 8

Period = B — [s] bits’ set value
_ n(m + 1) n : Timer Aj register’s high-order
“H" level width = fi [s] 8 bits’ set value

Count start condition

e When a trigger is generated. (Note)
e Internal or external trigger can be selected by software.

Count stop condition

When the count start bit is cleared to “0.”

Interrupt request occurrence timing

At falling edge of PWM pulse

TAjin pin’s function

Programmable 1/0O port pin or trigger input pin

TAjout pin’s function

PWM pulse output

Read from timer Aj register

An undefined value is read out.

Write to timer Aj register

e While counting is stopped
When a value is written to the timer Aj register, it is written to both
of the reload register and counter.

e While counting is in progress
When a value is written to the timer Aj register, it is written only to
the reload register. (Transferred to the counter at the next reload
time.)

Note: The trigger is generated with the count start bit = “1.”
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TIMER A
7.6 Pulse width modulation (PWM) mode

<When operating as a 16-bit pulse width modulator>

Timer AO register (Addresses 4716, 4616)
Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4Bis, 4A1s) (b15) (b8)
. . b7 b0 b7 b0
Timer A4 register (Addresses 4F1s, 4E16) T
Timer A9 register (Addresses CFis, CEzs) .

Bit Function At reset| R/W
15t0 0 | Any value in the range from “000016” to “FFFEis” can be set. Undefined] WO
Assuming that the set value = n, the “H” level width of the PWM pulse which is output
from the TAjour pin is expressed as follows : _n_

fi
(PWM pulse period = 211 )
fi

fi Frequency of count source
Note: Use the MOVM or STA(STAD) instruction for writing to this register.
Writing to this register must be performed in a unit of 16 bits.

<When operating as an 8-bit pulse width modulator>

Timer AO register (Addresses 4716, 4616)

Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4Bis, 4A1s) (bb175) (Eg) b7 bo
Timer A4 register (Addresses 4F1s, 4Ei6) T

Timer A9 register (Addresses CFis, CEzs) !

Bit Function At reset| R/W

710 0 | Any value in the range from “0016” to “FF16” can be set. Undefined] WO
Assuming that the set value = m, the period of the PWM pulse which is output from the
TAjour pin is expressed as follows: (m + 1) (28— 1)

fi

15to 8| Any value in the range from “0016” to “FF16” can be set. Undefined] WO
Assuming that the set value = n, the “H” level width of the PWM pulse which is output
from the TAjour pin is expressed as follows: n(m + 1)

fi

fi: Frequency of count source
Note: Use the MOVM or STA(STAD) instruction for writing to this register.
Writing to this register must be performed in a unit of 16 bits.

b7 b6 b5 b4 b3 b2 bl b0
T T T

Timer Aj mode register (i = 0 to 2, 4, 9) (Addresses 5616 t0 5816, 5A16, DAus)

. . 111 . 1

Bit Bit name Function Atreset| R/W
i R b1 b0

0 Operating mode select bits 11: PWM mode ‘ 0 RW
1 0 RW
2 Fix this bit to “1” in PWM mode. 0 RW
3 0 RW

Writing “1” to count start bit

(TAjin pin functions as a programmable 1/O

] port pin.) T o
4 1 0: Falling edge of TAjn pin’s input signal 0 RW

11 : Rising edge of TAjin pin’s input signal

5 16/8-bit PWM mode select bit 0 : 16-bit pulse width modulator 0 RwW
1 : 8-bit pulse width modulator

. . b4 b3
Trigger select bits 00:
01:

6 Count source select bits See Table 7.2.3. 0 RW

7 0 RW

Fig. 7.6.1 Structures of timer Aj register and timer Aj mode register in PWM mode
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7.6.1 Setting for PWM mode

Figures 7.6.2 and 7.6.3 show an initial setting example for registers relevant to the PWM mode.

Note that when using interrupts, set up to enable the interrupts. For details, refer to “CHAPTER 6.
INTERRUPTS.”

Selecting PWM mode and each function

b7 b0

| L | | L | 1 | 171 | Timer Aj mode register (j=0to 2, 4, 9)
1 1 1 (Addresses 5616 to 5816, 5A16, DA16)
Selection of PWM mode

Trigger select bits
b4 b3

8 g } Writing “1” to count start bit: Internal trigger

10 : Falling edge of TAjin pin’s input signal: External trigger
11 : Rising edge of TAjin pin’s input signal: External trigger

———— 16/8-bit PWM mode select bit
0 : Operates as 16-bit pulse width modulator
1 : Operates as 8-bit pulse width modulator

Count source select bits
See Table 7.2.3.

- /

/ Setting PWM pulse’s period and “H” level width \
® When operating as 16-bit pulse width modulator Timer AO register (Addresses 4716, 4616)
®15) S o Timer Al register (Addresses 4916, 4816)

T Timer A2 register (Addresses 4Bu1s, 4A16)
L Timer A4 register (Addresses 4Fis, 4E16)
Timer A9 register (Addresses CF1e, CE16)

\— Can be set to “000016" to “FFFE16" (n)

(;15\)Nhen operating as 8-bit ;()gg)se width modulator Timer AO register (Addresses 4716, 4616)

b7 b0 b7 po Timer Al register (Addresses 4916, 4816)

T | Timer A2 register (Addresses 4Bus, 4A16)
1 Timer A4 register (Addresses 4F16, 4E16)
Timer A9 register (Addresses CFi6, CE16)

\— Can be set to “0016” to “FF16” (m)

Can be set to “0016” to “FE16” (n)

Note. When operating as 8-bit pulse width modulator Note. When operating as 16-bit pulse width modulator
(m+1) (28-1) 216
—— "7 (fi: Frequency of
fi count source)
n(m+1)

Period = Period =

(fi : Frequency of count source)

i

“H" level width = “H” level width = -

fi fi
However, if n = “0016”, the pulse width modulator
does not operate and the TAjour pin outputs “L”
level. At this time, no timer Aj interrupt request
occurs.

However, if n = “000016", the pulse width modulator does
not operate and the TAjour pin outputs “L” level. At this
time, no timer Aj interrupt request occurs.

Continued to Figure 7.6.3
on the next page

Fig. 7.6.2 Initial setting example for registers related to PWM mode (1)
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Continued from preceding
Figure 7.6.2

Setting interrupt priority level

Timer Aj interrupt control register (j =0 to 2, 4, 9)

b7 ; ; b0
L1 | (Addresses 7516 to 7716, 7916, F916)

LTI
[T T

Interrupt priority level select bits
When using interrupts, set these bits to one of levels 1 to 7.
When disabling interrupts, set these bits to level 0.

When external trigger is selected When internal trigger is selected

Setting port P6 and port P2 direction registers Setting count start bit to “1”
|b7 | | | | | | |b0| Port P6 direction register b7 bo Count start register 0
(Address 1016) LIT T T T T T | ddessd4om

Pin TAOIN Timer AO count start bit
Pin TAL,
h " — Timer Al count start bit
Pin TA2IN ) )
b7 b0 Timer A2 count start bit
| | | | | | | | | Port P2 direction register L Timer A4 count start bit
(Address 816)
Pin TA4IN
Pin TA9IN b7 b0

Count start register 1
LITT T

Clear the corresponding bit to “0.” (Address 4116)

- Timer A9 count start bit

Setting count start bit to “1”

| | | | | | | |bO|Countstartregister0
(Address 4016)

Timer AO count start bit

— Timer A1 count start bit

Timer A2 count start bit

Timer A4 count start bit

Count start register 1

b7 b0
| | (Address 4116)

Timer A9 count start bit

Trigger input
to TAjin pin

Trigger generated

Count starts.

Fig. 7.6.3 Initial setting example for registers related to PWM mode (2)
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7.6.2 Trigger

When a trigger is generated, the TAjour_pin starts to output PWM pulses. An internal or an external trigger
can be selected as that trigger.

An internal trigger is selected when the trigger select bits (bits 4 and 3 at addresses 5616 to 5816, 5A16, DA1s)
are “002” or “012"; an external trigger is selected when these bits are “102" or “112.”

A trigger generated during PWM pulse output is invalid, and it does not affect the pulse output operation.

(1) When selecting internal trigger
A trigger is generated when “1” is written to the count start bit (addresses 4016, 4116).

(2) When selecting external trigger
A trigger is generated at the falling edge of the TAjwn pin’s input signal when bit 3 at addresses
5616 to 5816, 5A15, DA1s is “0,” or at its rising edge when bit 3 is “1.” However, the trigger input is
acceptableonly when the count start bit is “1.”
When using an external trigger, set the port P2 and port P6 direction registers’ bits which correspond
to the TAjw pins for the input mode.
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7.6.3 Operation in PWM mode

O When the PWM mode is selected with the operating mode select bits, the TAjour pin outputs “L” level.

O When a trigger is generated, the counter (pulse width modulator) starts counting and the TAjour pin
outputs a PWM pulse (Notes 1 and 2).

O The timer Aj interrupt request bit is set to “1” each time the PWM pulse level goes from “H” to “L.”
The interrupt request bit remains set to “1” until the interrupt request is accepted or until the interrupt
request bit is cleared to “0” by software.

O Each time a PWM pulse has been output for one period, the reload register's contents are reloaded and
the counter continues counting.

The following explains operations of the pulse width modulator.

(1) 16-bit pulse width modulator
When the 16/8-bit PWM mode select bit is cleared to “0,” the counter operates as a 16-bit pulse width
modulator. Figures 7.6.4 and 7.6.5 show operation examples of the 16-bit pulse width modulator.

(2) 8-bit pulse width modulator
When the 16/8-bit PWM mode select bit is set to “1,” the counter is divided into 8-bit halves. Then,
the high-order 8 bits operate as an 8-bit pulse width modulator, and the low-order 8 bits operate as
an 8-bit prescaler. Figures 7.6.6 and 7.6.7 show operation examples of the 8-bit pulse width modulator.

Notes 1: If a value “000016” is set into the timer Aj register when the counter operates as a 16-bit
pulse width modulator, the pulse width modulator does not operate and the output from the
TAjout pin remains “L” level. The timer Aj interrupt request does not occur. Similarly, if a
value “0016” is set into the high-order 8 bits of the timer Aj register when the counter
operates as an 8-bit pulse width modulator, the same is performed.

2: When the counter operates as an 8-bit pulse width modulator, after a trigger is generated,
the TAjout pin outputs “L” level for a period of (1 / f) O (m + 1) O (n + 1). After that, the
PWM pulse output will start.
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(1 /1) 0216 1)

[ »
< >
I
I
I

- e
Count source ' B
=l L} w

TAji pin’s input signal A

A\

Trigger is not generated by this signal

‘ : /1) 0(n)

PWM pulse output
from TAjout pin

Timer Aj interrupt
request bit
fi: Frequency of count source \ /

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

n: Reload register

Note: The above applies when n = “000316” and an external trigger (rising edge of TAjin pin’s input
signal) is selected.

Fig. 7.6.4 Operation example of 16-bit pulse width modulator

n = Reload register’s contents

output from i YI i
TAjour pin | f

“FFFE16" is set to timer Aj “000016" is set to timer Aj “20001¢" is set to timer Aj
fi: Frequency of count source register. register. register.
n: Reload register’s contents

i (1/f) 0O (216 -1) E (1/f) 0O (216 -1) E E (1/f) 0 (26-1) f
R B —|_l | | :
8 | . . .
2 ! A - : : - :
E_, 200016} »1: -------------------------------------------------------- i. ________ ! - 'E 5
S (6-1)—nf-1-mmmmmeee- : g P
o] nr— : - :
£ - - ! : :
3 Dot . ! A !
o ; . - : : . 1
000116 L— 1 | 1 — | ] i

E : E P > > : ‘ Time
. | ' 1 Stops | Restarts counting. \
T Ain piy , i ' i ! counting. ! ' '
jiN pin’s . ' ' Vo ' i '
input signal 4: ! i "o \ I H
PWM pulse : : : : E 0. ; 5

[J When an arbitrary value is set to the timer Aj register after setting “000016” to it, the timing when the PWM pulse goes “H”
depends on the timing when the new value is set.

Note: The above applies when an external trigger (rising edge of TAjin pin’s input signal) is selected.

Fig. 7.6.5 Operation example of 16-bit pulse width modulator (when counter value is updated during
pulse output)
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(1/f) O(Mm+1)0@8-1)

|

|
<
-

|

|

J Count source

%

TAjN pin’'s
input signal

— e (1/f) O (m+ 1)

0 8-bit prescaler’'s
underflow signal

L I

C@/HOm+1)0M

PWM pulse output
from TAjour pin

Timer Aj interrupt I_
requestbit  _ 1 L _ _ _____

Cleared to “0” when interrupt request is accepted or cleared by software.
fi: Frequency of count source

n: Reload register’s high-order 8 bits
m: Reload register’s low-order 8 bits

0 The 8-bit prescaler counts the count source.
0 The 8-bit pulse width modulator counts the 8-bit prescaler’s underflow signal.

Note: The above applies when n = “0216", m = “0216¢", and an external trigger
(falling edge of TAjin pin’s input signal) is selected.

Fig. 7.6.6 Operation example of 8-bit pulse width modulator
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Fig. 7.6.7 Operation example of 8-bit pulse width modulator (when counter value is updated during

pulse output)
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TIMER A

[Precautions for pulse width modulation (PWM) mode]

[Precautions for pulse width modulation (PWM) mode]
1. Each of timers A3, A5 to A8 is not equipped with the pulse width modulation (PWM) mode.

2. If the count start bit is cleared to “0” during PWM pulse output, the counter stops counting. If the TAjour
pin outputs “H” level at that time, the output level will become “L” and the timer Aj interrupt request bit
will be set to “1.” When the TAjour pin outputs “L” level at that time, the output level will not change and
no timer Aj interrupt request will occur.

3. When the timer’s operating mode is set by one of the following procedures, the timer Aj interrupt request
bit is set to “1.”

e When the PWM mode is selected after reset
e When the operating mode is switched from the timer mode to the PWM mode
e When the operating mode is switched from the event counter mode to the PWM mode

Accordingly, when using a timer Aj interrupt (interrupt request bit), be sure to clear the timer Aj interrupt
request bit to “0” after the above setting.
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[Precautions for pulse width modulation (PWM) mode]

MEMORANDUM
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TIMER B

8.1 Overview, 8.2 Block description

8.1 Overview

Timer B consists of three counters (timers BO to B2) each equipped with a 16-bit reload function. Timers
BO to B2 have identical functions and operate independently of one other.

Timer Bi (i = 0 to 2) has three operating modes listed below.

(1) Timer mode
The timer counts an internally generated count source.

(2) Event counter mode
The timer counts an external signal.

(3) Pulse period/Pulse width measurement mode
The timer measures an external signal’s pulse period or pulse width. In this mode, the following count
types are available:
» Count clear type
e Free-run type

8.2 Block description

Figure 8.2.1 shows the block diagram of timer B. Explanation of registers relevant to timer B is described

below.
Count source select bits Data bus (odd)
fo——0 | | ﬁ f
fie——=o° Data bus (even)
fe4 ——o
fs12—— o (Low-order 8 bits) (High-order 8 bits)
*Timer N
.P'lijlsr? period measurement/pulse | Timer Bi reload register (16) |<_
width measurement
PN PN
Event counter
X Polarity selecton |  _____ mode + f
TBin O and edge pulse o \/ Timer Bi
enerator i i i |—< interrupt
g fxa2 : Timer Bi counter (16) »——1 | request bit
Timer B2 clock source . .
select bit (Note) Count start register Timer Bi
overflow
flag
(Valid in the pulse period/pulse width
measurement mode.)
Counter reset circuit
Timer B2 clock source select bit : Bit 6 at address 6316
Note: Only for timer B2, a clock source in the event counter mode can be selected.

Fig. 8.2.1 Block diagram of timer B
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TIMER B

8.2 Block description

8.2.1 Counter and Reload register (timer Bi register)
Each of timer Bi counter and reload register consists of 16 bits and has the following functions.

(1) Functions in timer mode and event counter mode
Countdown in the counter is performed each time the count source is input. The reload register is
used to store the initial value of the counter. When a counter underflow occurs, the reload register’'s
contents are reloaded into the counter.
A value is set to the counter and reload register by writing the value to the timer Bi register.
Table 8.2.1 lists the memory assignment of the timer Bi register.
The value written into the timer Bi register while counting is not in progress is set to the counter and
reload register. The value written into the timer Bi register while counting is in progress is set only
to the reload register. In this case, the reload register's updated contents are transferred to the
counter at the next underflow. The counter value is read out by reading out the timer Bi register.

Note: When reading from or writing to the timer Bi register, perform it in a unit of 16 bits. For more
information about the value obtained by reading the timer Bi register, refer to sections
“[Precautions for timer mode]” and “[Precautions for event counter mode].”

(2) Functions in pulse period/pulse width measurement mode

Countup in the counter is performed each time the count source is input. The reload register is used
to retain the pulse period or pulse width measurement result. When a valid edge is input to the TBin
pin, the counter value is transferred to the reload register. In this mode, the value obtained by
reading the timer Bi register is the reload register’s contents, so that the measurement result is
obtained.

By using the count-type select bit (bit 4 at addresses 5B1s to 5D16), the count type can be selected
from the counter clear type and free-run type.

The operation of the counter after the counter value is transferred to the reload register is as follows;
« In the case of the counter clear type, the counter value becomes “0000:6”; and counting continues.
* In the case of the free-run type, the counter value does not become “00001s”; and counting continues

with this counter value kept.

Note: When reading from the timer Bi register, perform it in a unit of 16 bits.

Table 8.2.1 Memory assignment of timer Bi registers

Timer Bi register | High-order byte | Low-order byte
Timer BO register | Address 5116 Address 5016
Timer B1 register | Address 5316 Address 5216
Timer B2 register | Address 5516 Address 5416

Note: At reset, the contents of the timer Bi register
are undefined.
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TIMER B

8.2 Block description

8.2.2 Count start register
This register is used to start and stop counting. One bit of this register corresponds to one timer. (This is
the one-to-one relationship.) Figure 8.2.2 shows the structure of the count start register 0.

b7 b6 b5 b4 b3 b2 bl b0

Count start register 0 (Address 4016)

Bit Bit name Function Atreset| R/W
0 Timer AO count start bit 0 : Stop counting 0 RW
1 Timer Al count start bit 1 Start counting 0 RW
2 Timer A2 count start bit 0 RW
3 Timer A3 count start bit 0 RW
4 Timer A4 count start bit 0 RW
5 Timer BO count start bit 0 RW
6 Timer B1 count start bit 0 RW
7 Timer B2 count start bit 0 RW

Fig. 8.2.2 Structure of count start register O

8.2.3 Timer Bi mode register

Figure 8.2.3 shows the structure of the timer Bi mode register. The operating mode select bits are used
to select the operating mode of timer Bi. Bits 2 to 7 have different functions according to the operating
mode. These bits are described in the paragraph of each operating mode.

b7 b6 b5 b4 b3 b2 bl bo
Timer Bi mode register (i = 0 to 2) (Addresses 5Bi6 to 5D1s) '

Bit Bit name Function At reset| R/W

0 i i b1bo 0 RW
Operating mode select bits 00 : Timer mode

0 1 : Event counter mode
1 1 0: Pulse period/Pulse width measurement mode 0 RW
1 1: Do not select.

2 These bits have different functions according to the operating mode. 0 RW
3 0 RW
4 0 RW
5 Undefined RO
| (Note)
6 0 RW
7 0 RW

Note: Bit 5 is invalid in the timer and event counter modes; its value is undefined at reading.

Fig. 8.2.3 Structure of timer Bi mode register
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8.2.4 Timer Bi interrupt control register
Figure 8.2.4 shows the structure of the timer Bi interrupt control register. For details about interrupts, refer
to “CHAPTER 6. INTERRUPTS.”

: . . , b7 b6 b5 b4 b3 b2 bl b0
Timer Bi interrupt control register (i = 0 to 2) (Addresses 7Ais to 7Cis) L

1 1

Bit Bit name Function At reset| R/W
A H b2 b1b0
0 Interrupt priority level select bits 000 : Level O (Interrupt disabled) 0 RW
001:Levell
010:Level2
1 011:Level3 0 RW
100:Level4
101:Level5
2 110" Level 6 0 | RW
111:Level?
3 Interrupt request bit 0 : No interrupt requested 0 RwW
1 : Interrupt requested (Note)
7 to 4 | Nothing is assigned. Undefined —

Note: When writing to this bit, use the MOVM (MOVMB) or STA (STAB, STAD) instruction.

Fig. 8.2.4 Structure of timer Bi interrupt control register

(1) Interrupt priority level select bits (bits 2 to 0)
These bits are used to select a timer Bi interrupt’'s priority level. When using timer Bi interrupts,
select the priority level from levels 1 through 7. When a timer Bi interrupt request occurs, its priority
level is compared with the processor interrupt priority level (IPL), so that the requested interrupt is
enabled only when its priority level is higher than the IPL. (However, this applies when the interrupt
disable bit (I) = “0.”) To disable timer Bi interrupts, set these bits to “0002" (level 0).

(2) Interrupt request bit (bit 3)
This bit is set to “1” when a timer Bi interrupt request occurs. This bit is automatically cleared to “0”
when the timer Bi interrupt request is accepted. This bit can be set to “1” or cleared to “0” by
software.
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8.2.5 Port P2 direction register, Port P5 direction register

The input pins of timer Bi are multiplexed with port P5 pins. By using the TBOW/TB1in/TB2in pin select bit
(see Figure 8.2.5.), pin TBOn/TB1in/TB2in can be allocated to the corresponding port P2 pin.

When using pins P5s(P24)/TBO, P56(P25)/TB1in, P57(P26)/TB2in as timer Bi's input pins, be sure to clear
the corresponding bits of the port direction register, which is multiplexed, to “0” in order to set these pins

to the input mode. (See Figure 8.2.6.)

Port P2 pin function control register (Address AEas)

b7 b6 b5 b4 b3 b2 bl bo

0

Bit Bit name Function Atreset| R/W

0 Pin TBOw select bit 0 : Allocate pin TBOn to P5s. 0 RW
1 : Allocate pin TBOw to P24,

1 Pin TB1 select bit 0 : Allocate pin TB1in to P5e. 0 RW
1 : Allocate pin TB1n to P2s.

2 Pin TB2i select bit 0 : Allocate pin TB2 to P5y. 0 RW
1 : Allocate pin TB2in to P2s.

3 Pin INT3/RTP1reo select bit 0: Allocate pin INTs/RTP1reo to P7a. 0 RW

(Note) 1: Allocate pin INTs/RTPrco to P27.
6 to 4 | Nothing is assigned. Undefined| —
7 | Fix this bit to “0.” 0 RW

Note: When allocating pin INTs/RTPtreo to P74, be sure the D-A: output enable bit (bit 1 at address 9616) = “0” (output disabled).

Fig. 8.2.5 Structure of port P2 pin function control register
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8.2 Block description

b7 b6 b5 b4 b3 b2 bl b0

Port P5 direction register (Address Dis)

Bit Corresponding pin Functions At reset| R/W
410 0 | Nothing is assigned. Undefined —
5 Pin TBOw (Pin INTs/IDW) (Note 1) | O: Input mode 0 RW
6 | Pin TB1n(Pin INTSIDV)  (Note 2) | 1:Outputmode . . 0 | rRW
- - When using this pin as timer Bi’s input pin,
7 Pin TB2i (Pin INT2/IDU) ~ (Note 3)| be sure to clear the corresponding bit to “0.” 0 RW

Notes 1: This applies when the TBOwn pin select bit (bit O at address AEis) = 0.
2: This applies when the TB1in pin select bit (bit 1 at address AEis) = 0.
3: This applies when the TB2in pin select bit (bit 2 at address AEis) = 0.
4: The pins in () are I/O pins of other internal peripheral devices, which are multiplexed with the corresponding port P5 pins.

b7 b6 b5 b4 b3 b2 bl b0

Port P2 direction register (Address 8:s)

Bit Corresponding pin Functions At reset| R/W
0 Pin TA4out 0: Input mode 0 RW
1 Pin TA4in 1 : Output mode 0 RW
2 Pin TA9our 0 RW
- When using this pin as timer Bi’s input pin, be sure
3 Pin TA9i . . 0 RW
to clear the corresponding bit to “0.”
4 Pin TBOn (Note 1) 0 RW
5 Pin TB1in (Note 2) 0 RW
6 Pin TB2in (Note 3) 0 RW
7 Pin INTs/RTPtreo  (Note 4) 0 RW

Notes 1: This applies when the TBOn pin select bit (bit O at address AEe) = 1.
2: This applies when the TB1n pin select bit (bit 1 at address AEis) = 1.
3: This applies when the TB2in pin select bit (bit 2 at address AEis) = 1.
4: This applies when the INTs/RTPrco pin select bit (bit 3 at address AEs) = 1.

Fig. 8.2.6 Relationship between port P5 direction register, port P2 direction register, and timer Bi’'s
input pins

8.2.6 Count source (in timer mode and pulse period/pulse width measurement mode)

In the timer mode and pulse period/pulse width measurement mode, the count source select bits (bits 6
and 7 at addresses 5Bi1s to 5D16) are used to select the count source (f2, fis, fe4, Or fs12). (See Figures 8.3.1
and 8.5.1.)
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8.3 Timer mode

8.3 Timer mode

In this mode, the timer counts an internally generated count source. Table 8.3.1 lists the specifications of
the timer mode. Figure 8.3.1 shows the structures of the timer Bi register and timer Bi mode register in the
timer mode.

Table 8.3.1 Specifications of timer mode

Item Specifications
Count source fi f2, fis, fea, Or fs12
Count operation «Countdown
*When a counter underflow occurs, reload register’s contents are re-
loaded, and counting continues.

Division ratio 1 . . .
— n: Timer Bi register’s set value
(n+1)
Count start condition When the count start bit is set to “1.”
Count stop condition When the count start bit is cleared to “0.”
Interrupt request occurrence timing | When a counter underflow occurs.
TBim pin’s function Programmable /O port pin
Read from timer Bi register Counter value can be read out.
Write to timer Bi register e While counting is stopped

When a value is written to the timer Bi register, it is written to both
of the reload register and counter.

e While counting is in progress
When a value is written to the timer Bi register, it is written only to the
reload register. (Transferred to the counter at the next reload timing.)
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8.3 Timer mode

Timer BO register (Addresses 5116, 5016) (bbl75) (gg) b7 bo
Timer B1 register (Addresses 5316, 5216) T
Timer B2 register (Addresses 5516, 5416) !

Bit Function At reset| R/W
15 to 0 | Any value in the range from “00001¢” to “FFFF16” can be set. Undefined] RW

Assuming that the set value = n, the counter divides the count source frequency by (n + 1).
When reading, the register indicates the counter value.

Note: Reading from or writing to this register must be performed in a unit of 16 bits.

b7 b6 b5 b4 b3 b2 bl bo
T T

Timer Bi mode register (i = 0 to 2) (Addresses 5Bi6 to 5D1s) XIXxIxIxlo o
1 1
Bit Bit name Function At reset| R/W
; ; bl bo
0 Operating mode select bits 00 : Timer mode 0 RW
1 0 RW
2 These bits are invalid in timer mode. 0 RW
3 0 RW
4 0 —
5 This bit is invalid in timer mode; its value is undefined at reading. Undefined] RO
6 Count source select bits b7b6 0 RW
00:f2
I 01:fie N E
7 10: fea 0 RwW
11:fs2
X: It may be either “0” or “1.”
Fig. 8.3.1 Structures of timer Bi register and timer Bi mode register in timer mode
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8.3 Timer mode

8.3.1 Setting for timer mode
Figure 8.3.2 shows an initial setting example for registers relevant to the timer mode.

Note that when using interrupts, set up registers to enable the interrupts. For details, refer to “CHAPTER
6. INTERRUPTS.”

/ Selecting timer mode and count source \

b7 b0
Ti Bi d isti i=0to 2
[T 100 [0]0]010] Adiecseeannioene 02

Selection of timer mode

Count source select bitS

b7b6
00:f2
01:fie
10:fes

\ 11:fs12 O: It may be either “0” or “1.” /
Setting division ratio
(b15) (b8)
b7 b0 b7 b0 Timer BO register (Addresses 5116, 5016)

| Timer B1 register (Addresses 5316, 5216)

Timer B2 register (Addresses 5516, 5416)

\— Can be set to “000016" to “FFFF16” (n).

Note: The counter divides the count source by (n + 1).

Setting interrupt priority level

Timer Bi interrupt control register (i = 0 to 2)

b7 b0
| (Addresses 7A16 to 7Cz1s6)

Interrupt priority level select bits
When using interrupts, set these bits to one of levels 1 to 7.
When disabling interrupts, set these bits to level 0.

Setting count start bit to “1”
b7 bo
[ [ [ [ [ | | | |countstarregistero (Address 401e)

\— Timer BO count start bit

Timer B1 count start bit

Timer B2 count start bit

Count starts.

Fig. 8.3.2 Initial setting example for registers relevant to timer mode
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8.3 Timer mode

8.3.2 Operation in timer mode

O When the count start bit is set to “1,” the counter starts counting of the count source.

O When a counter underflow occurs, the reload register's contents are reloaded and counting continues.

O The timer Bi interrupt request bit is set to “1” at the counter underflow in 0. The interrupt request bit
remains set to “1” until the interrupt request is accepted or until the interrupt request bit is cleared to

“0” by software.

Figure 8.3.3 shows an example of operation in the timer mode.

FFFF16 Starts counting.

1/1i0 (n+1)

Stops counting.

|
@
.l

Counter contents (Hex.)

'
L]

000016 . ' -
' E Time
Set to "1 by software. Cleared to ‘0" by software. | Setto “1” by software.
Count start bit ' !
Timer Bi interrupt I '—
request bit
fi - Frequency of count source ? ?
n : Reload register’s contents Cleared to “0” when interrupt request is
accepted or cleared by software.
Fig. 8.3.3 Example of operation in timer mode
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[Precautions for timer mode]

[Precautions for timer mode]

While counting is in progress, by reading the timer Bi register, the counter value can be read out at arbitrary
timing. However, if the timer Bi register is read at the reload timing shown in Figure 8.3.4, the value
“FFFF16” is read out. If reading is performed in the period from when a value is set into the timer Bi register
with the counter stopped until the counter starts counting, the set value is correctly read out.

Reload
Counter(\lﬂii 2 1 0 n ln-1
R |
o s 2 | 1| o [FFFRn-1
n = Reload register's contents Time
Fig. 8.3.4 Reading timer Bi register
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8.4 Event counter mode

8.4 Event counter mode

In this mode, the timer counts an external signal. Table 8.4.1 lists the specifications of the event counter
mode. Figure 8.4.1 shows the structures of the timer Bi register and the timer Bi mode register in the event
counter mode.

Table 8.4.1 Specifications of event counter mode
Item Specifications

Count source *External signal input to the TBin pin, or fXs2 (Note 1)
*The count source’s valid edge can be selected from the falling edge,
the rising edge, and both of the falling and rising edges by software.
Count operation «Countdown
*When a counter underflow occurs, reload register’s contents are
reloaded, and counting continues.

Division ratio 1 ) ) )

m n: Timer Bi register’s set value
Count start condition When the count start bit is set to “1.”
Count stop condition When the count start bit is cleared to “0.”
Interrupt request occurrence timing [ When the counter underflow occurs.
TBin pin’s function Count source input pin (Note 2)
Read from timer Bi register Counter value can be read out.
Write to timer Bi register e While counting is stopped

When a value is written to the timer Bi register, it is written to both
of the reload register and counter.

e While counting is in progress
When a value is written to the timer Bi register, it is written only to the
reload register. (Transferred to the counter at the next reload timing.)

Notes 1: Only for timer B2, fXs2 can be selected.
2: When fXsz2is selected as the count source in timer B2, the TB2i pin can be used as a programmable
I/0 port pin or as I/O pins of other internal peripheral devices, which are multiplexed.
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8.4 Event counter mode

Assuming that the set value = n, the counter divides the count source frequency by (n + 1).
When reading, the register indicates the counter value.

Timer BO register (Addresses 5116, 5016) (bb175) (Eg) b7 bo
Timer B1 register (Addresses 5316, 5216) T
Timer B2 register (Addresses 5516, 5416) |

Bit Function At reset| R/W
15 to 0 |Any value in the range from “00001¢” to “FFFF16” can be set. Undefined] RW

Note: Reading from or writing to this register must be performed in a unit of 16 bits.

b7 b6 b5 b4 b3 b2 bl b0
T T

Timer Bi mode register (i = 0 to 2) (Addresses 5Bi6 to 5D1s) X | x| x|x 0 1
1 1
Bit Bit name Function Atreset| R/W
- . bl b0
0 Operating mode select bits 01 : Event counter mode 0 RW
1 0 RW
. . b3 b2
2 Count polarity select bits 0 0 : Count at falling edge of external signal 0 RW
0 1: Count at rising edge of external signal
10 : Count at both falling and rising edges of external
3 signal 0 RW
11 : Do not select. (Note)
4 This bit is invalid in event counter mode. 0 —
5 This bit is invalid in event counter mode; its value is undefined at reading. Undefined RO
6 These bits are invalid in event counter mode. 0 RW
7 0 RW

X: It may be either “0” or “1.”

Note: When the timer B2 clock source select bit (bit 6 at address 6316) = “1,” be sure to fix these bits to “01." (count at the rising
edge of the external signal).

Fig. 8.4.1 Structures of timer Bi register and timer Bi mode register in event counter mode
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8.4 Event counter mode

8.4.1 Count source

For timer B2 in the event counter mode, a count source (an external signal into the TB2w pin, or fXs2) can
be selected by using the timer B2 clock source select bit. (See Figure 8.4.2.) Timers BO and B1 count the
external signals input to the TBOwn and TB1w pins, respectively.

When fXs2 is selected as the count source, the TB2in pin serves as a programmable 1/O port pin or as I/
O pins of other internal peripheral devices, which are multiplexed.

b7 b6 b5 b4 b3 b2 bl bO

Particular function select register 1 (Address 63:6) 0 0

Bit Bit name Function Atreset| R/W

0 STP-instruction-execution 0 : Normal operation. (Note 1)) RW
status bit 1 : During execution of STP instruction (Note 2)

1 WIT-instruction-execution 0 : Normal operation. (Note 1)) RW
status bit 1 : During execution of WIT instruction (Note 2)

2 Fix this bit to “0.” 0 RW

3 System clock stop select bit 0 : In the wait mode, system clock fss is active. 0 RW
at WIT (Note 3) 1 : In the wait mode, system clock fss is inactive.

4 Fix this bit to “0.” 0 RW

5 The value is “0” at reading. —
Timer B2 clock source select bit | 0 : External signal input to the TB2w pin is counted. 0 RW
(Valid in event counter mode.) | 1: fXsz is counted.

7 The value is “0” at reading. 0 —

Notes 1: At power-on reset, this bit becomes “0.” At hardware reset or software reset, this bit retains the value just before reset.
2: Even when “1” is written, the bit status will not change.
3: Setting this bit to “1” must be performed just before execution of the WIT instruction. Also, after the wait state is termi-
nated, this bit must be cleared to “0” immediately.

Fig. 8.4.2 Structure of particular function select register 1
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8.4 Event counter mode

8.4.2 Setting for event counter mode

Figure 8.4.3 shows an initial setting example for registers relevant to the event counter mode.

Note that when using interrupts, set up to enable the interrupts. For details, refer to section “CHAPTER
6. INTERRUPTS.”

{

Selecting event counter mode and count polarity

b7 bo
gjolo 0| 1] Timer Bi mode register (i = 0 to 2) (Addresses 5B16 to 5D1s)

\—L Selection of event counter mode

Count polarity select bits

b3 b2

00 : Count at falling edge of external signal.

0 1: Count at rising edge of external signal.

10 : Count at both of falling and rising edges of external signal.
11: Do not selected.

O: It may be either “0” or “1.”

= Timers BO and B1

Timer B2 =

Selecting clock source
b7 b0

. . Particular function select register 1
(Address 6316)

Timer B2 clock source select bit

0 : Count an external signal input to the TB2In pin E
1: Count fXa2 :
Ll

Setting division ratio
(b15) (b8)
b7 b0 b7 b0  Timer BO register (Addresses 5116, 5016)
T Timer B1 register (Addresses 5316, 5216)
Timer B2 register (Addresses 5516, 5416)

L Can be set to “000016” to “FFFF1s” (n).

Note: The counter divides the count source by (n + 1).

Setting interrupt priority level
b7 b0

Timer Bi interrupt control register (i = 0 to 2)
(Addresses 7A16 to 7C16)
Interrupt priority level select bits

When using interrupts, set these bits to one of levels 1 to 7.
When disabling interrupts, set these bits to level 0.

When a pin is allocated to a port P5 pin (Note 1) = When a pin is allocated to a port P2 pin (Note 1)
Setting port P5 direction register Setting port P2 direction register
b7 b0 b7 b0
P5 direction register (Address D16) P2 direction register (Address 816)
\— Pin TBOIN o Pin TBOIN
Clear the corresponding bit to “0. i Clear the corresponding bit to “0.”
—————————————PinTBIN (Note 2) T PinTBIN  (Note2)

———————PinTB2IN ——————PinTB2N

Setting count start bit to “1”

b7 bo

Count start register 0 (Address 4016)
\— Timer BO count start bit Count starts.

———————————————— Timer B1 count start bit

t—————————————— Timer B2 count start bit

Notes 1: By using bits O to 2 of the port P2 pin function control register (address AE16), be sure to set the pin allocation. (See Figure 8.2.5.)
2: When fX32 is selected as the count source in timer B2 (in other words, when bit 6 at address 6316 = 1), this setting is unnecessary.

Fig. 8.4.3 Initial setting example for registers relevant to event counter mode
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8.4 Event counter mode

8.4.3 Operation in event counter mode
O When the count start bit is set to “1,” the counter starts counting of the count source.
O When a counter underflow occurs, the reload register’'s contents are reloaded, and counting continues.
O The timer Bi interrupt request bit is set to “1” at the counter underflow in 0.
The interrupt request bit remains set to “1” until the interrupt request is accepted or until the interrupt
request bit is cleared to “0” by software.

Figure 8.4.4 shows an example of operation in the event counter mode.

FFFF16
Starts counting.

Stops counting.

n E i E Restarts counting |
: — T

' - A - A A

Counter contents (Hex.)

Cleared to “0” by,

000016
' : i Time
Setto “1” by software. | software. “Setto “1” by softwdre.
Count start bit ' ' ,
Timer Bi interrupt
request bit
n : Reload ragister’s contents ? ?
Cleared to “0” when interrupt request is accepted or cleared to “0” by software.
Fig. 8.4.4 Example of operation in event counter mode
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[Precautions for event counter mode]

[Precautions for event counter mode]
While counting is in progress, by reading the timer Bi register, the counter value can be read out at
arbitrary timing. However, if the timer Bi register is read at the reload timing shown in Figure 8.4.5, a value
“FFFF16” is read out. If reading is performed in the period from when a value is set into the timer Bi register
with the counter stopped until the counter starts counting, the set value is correctly read out.

Reload
Counter(\lilzi 2 1 0 n n—1
Re s 2 | 1| o |FFFR[n-1
n = Reload register's contents Time
Fig. 8.4.5 Reading timer Bi register
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8.5 Pulse period/Pulse width measurement mode

In this mode, the timer measures an external signal’s pulse period or pulse width. Tables 8.5.1 and 8.5.2
list the specifications of the pulse period/pulse width measurement mode. Figure 8.5.1 shows the structures
of the timer Bi register and timer Bi mode register in the pulse period/pulse width measurement mode.

(1) Pulse period measurement
The timer measures the pulse period of the external signal that is input to the TBin pin.

(2) Pulse width measurement
The timer measures the pulse width (“L” level and “H” level widths) of the external signal that is input
to the TBim pin.

Table 8.5.1 Specifications of pulse period/pulse width measurement mode (when counter clear type is selected)
Item Specifications

Count source fi f2, fis, foa, Or fsi2

Count operation e Countup

e Counter value is transferred to the reload register at valid edge of
measurement pulse, and counting continues after clearing the counter
value to “0000:s.”

Count start condition When the count start bit is set to “1.”

Count stop condition When the count start bit is cleared to “0.”

Interrupt request occurrence timing | © When a valid edge of measurement pulse is input (Note 1).

e When a counter overflow occurs (The timer Bi overflow flag is set
to “1” simultaneously.)

TBin pin’s function Measurement pulse input pin (Note 2)

Read from timer Bi register The value obtained by reading the timer Bi register is the reload
register’'s contents (Measurement result) (Note 3).

Write to timer Bi register Invalid

Timer Bi overflow flag: This bit is used to identify the source of an interrupt request occurrence.
Notes 1: No interrupt request occurs when the first valid edge is input after the counter starts counting.
2: When using timer B2, make sure that the timer B2 clock source select bit (see Figure 8.4.2.) to
“.”
3: The value read out from the timer Bi register is undefined in the period after the counter starts
counting until the second valid edge is input.
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Table 8.5.2 Specifications of pulse period/pulse width measurement mode (when free-run type is selected)

Item

Specifications

Count source fi

f2, fis, fea, Or fsi2

Count operation

e Countup

e Counter value is transferred to the reload register at valid edge of
measurement pulse, and counting continues.

e When a counter overflow occurs, the timer Bi overflow flag is set to
“1,” and counting continues after clearing the counter value to “00001s.”

Count start condition

When the count start bit is set to “1.”

Count stop condition

When the count start bit is cleared to “0.”

Interrupt request occurrence timing

When a valid edge of measurement pulse is input (Note 1).

TBim pin’s function

Measurement pulse input pin (Note 2)

Read from timer Bi register

The value obtained by reading the timer Bi register is the reload
register's contents (Measurement result) (Note 3).

Write to timer Bi register

Invalid

Timer Bi overflow flag: This bit is used to identify the source of an interrupt request occurrence.
Notes 1: No interrupt request occurs when the first valid edge is input after the counter starts counting.
2: When using timer B2, make sure that the timer B2 clock source select bit (see Figure 8.4.2.) =

“Q.”

3: The value read out from the timer Bi register is undefined in the period after the counter starts
counting until the second valid edge is input.
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Timer BO register (Addresses 5116, 5016) (b15) (b8) A A
Timer B1 register (Addresses 5316, 5216) b bo, ! 0
Timer B2 register (Addresses 5516, 5416) ,

Bit Function Atreset| R/W
15 to 0 | The measurement result of pulse period or pulse width is read out. Undefined] RO

Note: Reading from this register must be performed in a unit of 16 bits.

b7 b6 b5 b4 b3 b2 bl bo
T T T

Timer Bi mode register (i = 0 to 2) (Addresses 5Bi6 to 5D1s) 10
1 1 1
Bit Bit name Function Atreset R/W
i i bl b0
0 Operating mode select bits 1 0 : Pulse period/Pulse width measurement mode 0 RW
1 0 RW
2 Measurement mode select bits | b3b2 0 RW

0 0 : Pulse period measurement
(Interval between falling edges of measurement pulse)
0 1: Pulse period measurement
| (Interval between rising edges of measurement pulse)
3 1 0 : Pulse width measurement 0 RW
(Interval from a falling edge to a rising edge, and from
arising edge to a falling edge of measurement pulse)
11 : Do not select.

4 Count-type select bit 0 : Counter clear type 0 RW
1: Free-run type

5 Timer Bi overflow flag (Note) 0 : No overflow Undefined] RO
1: Overflowed

6 Count source select bits b7 b6 0 RW
00:f2

| 01:fie
7 10:fea 0 RwW
11:fsi2

Note: The timer Bi overflow flag is cleared to “0” when a value is written to the timer Bi mode register with the count start bit = “1.”
This flag cannot be set to “1” by software.

Fig. 8.5.1 Structures of timer Bi register and timer Bi mode register in pulse period/pulse width
measurement mode
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8.5.1 Setting for pulse period/pulse width measurement mode

Figure 8.5.2 shows an initial setting example for registers relevant to the pulse period/pulse width measurement
mode.

Note that when using interrupts, set up to enable the interrupts. For details, refer to “CHAPTER 6.
INTERRUPTS.”

{

Selecting pulse period/pulse width measurement mode and each function

b7 b0
T | | T | 10 | Timer Bi mode register (i = 0 to 2)
L f L (Addresses 5Bz16 to 5D16) (Note 1)

Selection of pulse period/pulse width measurement mode

Measurement mode select bits

b3 b2

00 : Pulse period measurement (Interval between falling edges
of measurement pulse)

0 1: Pulse period measurement (Interval between rising edges
of measurement pulse)

10: Pulse width measurement

11: Do not select.

Count-type select bit

0: Counter clear type

1: Free-run type

Timer Bi overflow flag (Note 2)
0: No overflow

1: Overflowed

Count source select bits

b7b6
00:f2
01:fie
10:fea
11:fs12

Setting interrupt priority level
b7 b0
T T
C ]

Timer Bi interrupt control register (i = 0 to 2)
(Addresses 7Az16 to 7Cus)
Interrupt priority level select bits

When using interrupts, set these bits to one of levels 1 to 7.
When disabling interrupts, set these bits to level 0.

w
AN NN NN NN NN NN NN NN NN P NN NN NN NN NN NN N NN

When a pin is allocated to a port P5 pin (Note 3) When a pin is allocated to a port P2 pin (Note 3)

Setting port P5 direction register Setting port P2 direction register
b7 b0 b7 b0
[T T T TTTT ]PortPsdirection register (Address D1s) | | | | | | | | | Port P2 direction register (Address 816)
\—Pin TBOIN \— Pin TBOIN
L pinTBLN Clear the coressponding bit to “0.” L PnTBIN Clear the coressponding bit to “0.”
——————PinTB2N L pPinTB2N

=
N RN NN NN NN NN NN N RANEEEEEEEEEEEEEEEEEEEEEEEE

Setting count start bit to “1”

Count start register 0
(Address 4016)

\— Timer BO count start bit Count starts.

Timer B1 count start bit

b7 b0
|

Timer B2 count start bit

Notes 1: When using timer B2, be sure to clear the timer B2 clock source select bit (See Figure 8.4.2.) to “0.”
2: The timer Bi overflow flag is a read-only bit. This bit is undefined after reset. When a value is written to the timer Bi mode register
with the count start bit = “1,” this bit will be cleared to “0.”
3: By using bits 0 to 2 of the port P2 pin function control register (address AE16), be sure to set the pin allocation. (See Figure 8.2.5.)

Fig. 8.5.2 Initial setting example for registers relevant to pulse period/pulse width measurement mode
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8.5.2 Operation in pulse period/pulse width measurement mode
m When counter clear type is selected
O When the count start bit is set to “1,” the counter starts counting of the count source.
O The counter value is transferred to the reload register when a valid edge of the measurement pulse
is detected. (Refer to section “(1) Pulse period/Pulse width measurement.”)
O The counter value is cleared to “0000:6” after the transfer in O, and the counter continues counting.
O The timer Bi interrupt request bit is set to “1” when the counter value is cleared to “000016” in [0 (Note).
The interrupt request bit remains set to “1” until the interrupt request is accepted or until the interrupt
request bit is cleared to “0” by software.
O The timer repeats operations O to O above.
Note: No timer Bi interrupt request occurs when the first valid edge is input after the counter starts counting.

m When free-run type is selected

O When the count start bit is set to “1,” the counter starts counting of the count source.

O The counter value is transferred to the reload register when a valid edge of the measurement pulse
is detected. (Refer to section “(1) Pulse period/Pulse width measurement.”)

O The timer Bi interrupt request bit is set to “1” after the transfer in O (Note).
The interrupt request bit remains set to “1” until the interrupt request is accepted or until the interrupt
request bit is cleared to “0” by software.
The counter continues counting with the counter value kept.

O When a counter overflow occurs, the timer Bi overflow flag is set to “1,” and counting continues after
clearing the counter value to “000016 .” At this time, the timer Bi interrupt request bit does not change.

O The timer repeats operations O to O above.

Note: No timer Bi interrupt request occurs when the first valid edge is input after the counter starts counting.

(1) Pulse period/pulse width measurement
The measurement mode select bits (bits 3 and 2 at addresses 5Bis and 5Dis) specify whether the
pulse period of an external signal is measured or its pulse width is done. Table 8.5.3 lists the
relationship between the measurement mode select bits and the pulse period/pulse width measurements.
Make sure that the measurement pulse interval from the falling edge to the rising edge, and vice
versa are two cycles of the count source or more. Additionally, use software to identify whether the
measurement result indicates the “H” level width or the “L” level width.

Table 8.5.3 Relationship between measurement mode select bits and pulse period/pulse width measurements

b3 ‘ b2 | Pulse period/Pulse width measurement Measurement interval (Valid edges)
f . - : -
0 0 |Pulse period measurement From falling edge to falling edge (Falling edges)
0 1 From rising edge to rising edge (Rising edges)
1 i 0 |Pulse width measurement From falling edge to rising edge, and vice versa
\ (Falling and rising edges)
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8.5 Pulse period/pulse width measurement mode

(2) Timer Bi overflow flag
m When counter clear type is selected

A timer Bi interrupt request occurs when a measurement pulse’s valid edge is input or when a
counter overflow occurs. The timer Bi overflow flag is used to identify the source of the interrupt
request occurrence, that is, whether it is an overflow occurrence or a valid edge input.
The timer Bi overflow flag is set to “1” at an overflow occurrence. Accordingly, the source of the
interrupt request occurrence is identified by checking the timer Bi overflow flag in the interrupt
routine. When a value is written to the timer Bi mode reqister after the next count timing of the
count source with the count start bit = “1.” the timer Bi overflow flag will be cleared to “0”.
The timer Bi overflow flag is a read-only bit.
Use the timer Bi interrupt request bit to detect the overflow timing. Do not use the timer Bi overflow
flag for this detection.

m When free-run type is selected
The timer Bi overflow flag is set to “1” at an overflow occurrence. (At this time, no timer Bi interrupt
request is generated.) Accordingly, whether a counter overflow occurs between valid edges is
identified by checking the timer Bi overflow flag in the interrupt routine owing to a valid edge input.
When a value is written to the timer Bi mode reqgister after the next count timing of the count
source with the count start bit = “1,” the timer Bi overflow flag will be cleared to “0".
The timer Bi overflow flag is a read-only bit.

Figure 8.5.3 shows the processing example of a timer Bi interrupt when a measurement pulse’s valid
edge is detected by the timer Bi interrupt request.

C Timer Bi interrupt )
(Note 1)

Measured value is read out.
(Note 2)

Timer Bi overflow flag ?

Timer Bi overflow flag is
cleared to “0.” (Note 3)

Processing with overflow Processing without overflow

RTI

Notes 1: The valid edge of the measurement pulse is detected.
2: Be sure to read out the timer Bi register.
3: After the timer Bi overflow flag is set to “1”, be sure to wait for one cycle
of the count source to elapse.
Then, write a value to the timer Bi mode register.

Fig. 8.5.3 Processing example of timer Bi interrupt when free-run count type is selected
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Figures 8.5.4 and 8.5.5 show the operation examples during the pulse period measurement; Figures 8.5.6
and 8.5.7 show the operation examples during the pulse width measurement.

Count source -- |

Measurement pulse ml

Time

Transferred

Transferred
/(undefined value) / (measured value)

FFFFis 5 3
3 i |
= : !
@ Undefined ! "
3 value :V D Y
c | (-
3 : .
5 | .
c ! )
> ! N
o . i
O . ]
000016 : : '_r [

[ [

é/vEI /D
] I

Reload register «+— Counter
Transfer timing

—
B

Timing at which counter is
cleared to “000016”

Count start bit 4
Timer Bi interrupt |

request bit N !
Cleared to “0” when interrupt request is accepted or

cleared to “0” by software.
Undefined | |

Timer Bi overflow flag A o

Cleared to “0” by software.

O Counter is initialized by completion of measurement.
O Counter overflows.

OThe above applies when measurement is performed for an interval from one falling edge to the next
falling edge of the measurement pulse.

Fig. 8.5.4 Operation examples during pulse period measurement (when counter clear type is selected)
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Count source o |

Measurement pulse w

d
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|

-
|
|
|
|
|
|

FFFF16 oo ..

R | H_'_

3
[}
L !
= Undefined V V
= value --
g
c
8
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© :
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-
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Reload register <+— Counter
Transfer timing

Timing at which counter is
cleared to “000016”

'
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|
|
|
|
|
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|
|
|
|
'
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
'
|
|
|
|
|
|
|
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|
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|
T
|
|
|
|
|
|
|
'
|
|
|
|
|
|
|
|
I
[
|
|
'
|
|
|
|
I
|
|
|
|
|

Count start bit 4
Timer Bi interrupt I_I_

request bit e |
Cleared to “0” when interrupt request is accepted or

cleared to “0” by software.
Undefined | |
/"
Cleared to “0” by software.

O Counter is initialized by the first valid edge.
O Counter overflows.

OThe above applies when measurement is performed for an interval from one falling edge to the next
falling edge of the measurement pulse.

Fig. 8.5.5 Operation examples during pulse period measurement (when free-run count type is selected)
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Count source I --

FFFFie
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<

@

& Undefined  J
c

S value

[5)

g
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>

o

o

000016 ﬂ ‘ ‘ -

Time
' Transferred Transferred  Transferred | | Transferred
(undefined value)(measured value)(measured value)(measured valle)

i nf .
vk
I N S |

Reload register <+— Counter
Transfer timing

Timing at which counter is
cleared to “000016"

Count start bit 4
Timer Bi interrupt |

request bit >~ A4 |

Cleared to “0” when interrupt request is accepted or

Undefined cleared to “0” by software. I—

Timer Bi overflow flag - o

Cleared to “0” by software.

O Counter is initialized by completion of measurement.
O Counter overflows.

Fig. 8.5.6 Operation example during the pulse width measurement (when counter clear type is selected)
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Timer Bi interrupt
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Cleared to “0” when interrupt request is accepted or

-

cleared to “0” by software.

Undefined

Timer Bi overflow flag

Cleared to “0” by software.

O Counter is initialized by the first valid edge.

O Counter overflows.

Fig. 8.5.7 Operation example during the pulse width measurement (when free-run count type is selected)
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[Precautions for pulse period/pulse width measurement mode]

[Precautions for pulse period/pulse width measurement mode]

1.

When the counter clear type is selected, a timer Bi interrupt request is generated by one of the following
sources:

e Valid edge input of measured pulse

e Counter overflow

When an overflow generates an interrupt request, the timer Bi overflow flag will be set to “1.”

. When the free-run type is selected, the timer Bi interrupt request is generated only by the valid edge input

of the pulse to be measured.

. After reset, the timer Bi overflow flag is undefined. When a value is written to the timer Bi mode register

after the next count timing of the count source with the count start bit = “1,” this flag will be cleared to
“g

. An undefined value is transferred to the reload register at the first valid edge input after the count start.

In this case, no timer Bi interrupt request will occur.

. The counter value at count start is undefined. Therefore, there is a possibility that a counter overflow

occurs immediately after the counting starts. In this case, the timer Bi overflow flag becomes “1”; and
when the counter clear type is selected, a timer Bi interrupt request is generated.

. If the contents of the measurement mode select bits are changed after the count start, the timer Bi

interrupt request bit is set to “1.” When the value, which has been set in these bits before, are written
again, the timer Bi interrupt request bit will not change.

. When using timer B2, be sure to clear the timer B2 clock source select bit (bit 6 at address 6316) to “0.”

. If the input signal to the TBiw pin is affected by noise, etc., there is a possibility that the counter cannot

perform the exact measurement. We recommend to verify, by software, that the measurement values are
within a constant range.
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[Precautions for pulse period/pulse width measurement mode]

MEMORANDUM
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PULSE OUTPUT PORT MODE

9.1 Overview

9.1 Overview

The pulse output port mode function is used to change the output levels at several pins simultaneously with
the following: each underflow occurrence in timer A or each valid edge input of an external signal. The pulse

output port mode has two operation modes as listed in Table 9.1.1.

Table 9.1.1 Overview of pulse output port mode

Operation mode

Pulse mode 0

Pulse mode 1

Pulse output pins

RTPOo to RTPOs
(P60 to P63)

RTP1o, RTP1:
(P64, P6s)

RTPOo to RTPOs, RTP1o, RTP1:
(P60 to P63, P64, P6s)

Pulse output
trigger

Underflow occurrence in
timer A0

or

Valid edge of signal input
to pin RTP1reo

Underflow of timer A3

Underflow of timer AO or Valid edge
of signal input to pin RTPreo

Register where

Three-phase output data

Three-phase output

Three-phase output data register 0

output data is to [ register 0 data register 1 (bits 0 to 5)
be set (bits 0 to 3) (bits 4, 5)
Pulse width Available Not available Available (Note)
modulation (timer Al used) (timers Al, A2, A4 used)
Negative pulse output| Available Available Available
Pulse-output- P60UTcur — P60UTcur

cutoff signal

input pin

(Input of falling edge)

(Input of falling edge)

Note: The pulse output pins, where pulse width modulation is to be applied, determine the timer to be used.

0 6 pins

RTPQOo to RTPOs, RTP1o, RTP1:: timer Al
O 2 groups of 3 pins

¢ RTPOo to RTPO2: timer Al

* RTPOs, RTP1o, RTP1:: timer A2
O 3 groups of 2 pins

* RTPQo, RTPO:: timer A1l

* RTPOz, RTPOz: timer A2

* RTP1lo, RTP1:: timer A4

9-2
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9.2 Block description

9.2 Block description

Figure 9.2.1 shows the block diagram in the pulse output port mode. Also, the pulse-output-port-mode-
relevant registers are described below.

In the pulse output port mode and three-phase waveform mode, the following registers are used in common:
the waveform output mode register (address A61s), three-phase output data register 0 (address A81s), and
three-phase output data register 1 (address A9is). After the pulse output port mode is set by the waveform
output select bits (bits 2 to 0 at address A61s), be sure to set the relevant registers.

Note that, when not using the pulse output port mode and three-phase waveform mode, be sure to fix the
waveform output select bits (bits 2 to 0 at address A61s) to “0002.”

Pulse width modulation timer select bits

(bits 5, 4 at address A616) O

Pulse width modulationﬂ
output of timer A1
Pulse output triggger select bits pul idth modulati Pulse width
bits 7. 6 at add A816 ulse width modulation —
(bits 7, 6 at address ) output of timer A2 @ modulation
circuit
Pulse width modulation m
output of timer A4 D_
RTPTRGO O——
g
Pulse width modulation enable bits
0 through 2
(bits 0 through 2 at address A916
™™ (N -? Waveform output control bit 1
b0 |— D Q[ (bit 7 at address A616)
bl —D Q-
b2 —D Q[ P6OUTcur
Bits 0 through 3 of three- ]
phase output data register 0
(address A816) T
b0 —p Q
L bl D Q 1
s s T b2 D Q —{
3 3 b3 D Q —{
g E Pulse output mode 1
S 2 | select bit
< % | (bit3 at address A616) QD
s| |8 O —
%) [2]
2 a
G 8
b1 ©
gl |8 ]
] 7 D
b5 D Q —
[
Bits 4, 5 of three-phase output data register 0 .
(address A816) Pulse output polarity
or select bit Waveforrrbquéput
i - i (bit 3 at address A916) control bit
(Ba{asd?éssscg\éqg)ee phase output data register 1 (bit 6 at address A616)
NN °
Reset
Fig. 9.2.1 Block diagram in pulse output port mode
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9.2 Block description

9.2.1 Waveform output mode register
Figure 9.2.2 shows the structure of the waveform output mode register (in pulse output port mode).

b7 b6 b5 b4 b3 b2 bl b0

Waveform output mode register (Address A6:s)

1

Bit Bit name Function At reset| R/W
0 Waveform output select bits See Table 9.2.1. 0 RW
1 (Note) 0 RW
2 0 RW
3 Pulse output mode select bit 0 : Pulse mode 0 0 RW
1: Pulse mode 1
4 Pulse width modulation timer See Table 9.2.2. 0 RW
select bits 0 RW
6 | Waveform output control bit 0 | When pulse mode 0 is selected, _ 0 RW
0: RTP1o, RTP1:1: pulse outputs are disabled.
1: RTP1o, RTP1:: pulse outputs are enabled.
When pulse mode 1 is selected,
fix this bit to “0.”
7 Waveform output control bit 1 When pulse mode 0 is selected, 0 RW
0 : RTPOo to RTPOs: pulse outputs are disabled.
1: RTPOo to RTPOs: pulse outputs are enabled.
When pulse mode 1 is selected,
0 : RTPOo to RTPOs, RTP1o, RTP11: pulse outputs
are disabled.
1: RTPOo to RTPOs, RTP1o, RTP11: pulse outputs
are enabled.
Note: When not using the pulse output port mode and three-phase waveform mode, be sure to fix these bits to “0002.”
Fig. 9.2.2 Structure of waveform output mode register (in pulse output port mode)
(1) Waveform output select bits (bits 2 to 0)
These bits are used to select whether a pin serves as a programmable 1/O port pin or
a pulse output pin. Table 9.2.1 lists the functions of the waveform output select bits.
Table 9.2.1 Functions of waveform output select bits
b2 bl b0 000 001 010 011
Pulse mode 0 P65/RTP11} P6s/RTP11 } P65/RTP11} P6s/RTP11 }
(Note) P6/RTPL | "O" | PesRTPL, /PO | PeyRTPL ) RTF | peuRTPL, | RTP
P6s/RTPOs P63/RTPOs P63s/RTPO3 ) P63s/RTPOs
P62/RTPO:2 P62/RTPO: P62/RTPO2 P62/RTPO:
RTP Por RTP
P6./RTPO: [ O™ | P6/RTPO: p6J/RTPO: | PO | peyRTPO,
P60/RTPOo P6o/RTPQo P6o/RTPOo ) P60/RTPQo
Pulse mode 1 | P6s/RTP11 P6s/RTP11
(Note) P64/RTP1o P64/RTP1o
P6s/RTPOs | 5 P6:/RTPO: | p1p Do not select. Do not select.
P62/RTPO2 P62/RTPO:2
P61/RTPO:1 P61/RTPO:
P6o/RTPOo P6o/RTPQo

Port: This serves as a programmable 1/O port pin or timer I/O pin.
RTP: This serves as a pulse output pin regardless of the contents of the corresponding port direction register.
Note: This is selected by the pulse output mode select bit (bit 3 at address A6:s).
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9.2 Block description

(2) Pulse output mode select bit (bit 3)
This bit is used to select the type of the pulse output port mode: pulse mode 0 or pulse mode 1.

(3) Pulse width modulation timer select bits (bits 5 and 4)
These bits are used to select the type of the pulse width modulation. Table 9.2.2 lists the functions
of the pulse width modulation timer select bits.

Table 9.2.2 Functions of pulse width modulation timer select bits

b5 b4 00 01 10 11
Pulse mode 0 | P63/RTPOs
(Note) P6/RTPO: | 1 Do not select
P6./RTPO. Timer Al . Do not select. Do not select.
P60o/RTPOo
Pulse mode 1 | P6s/RTP11 P6s/RTP1:1 PGS/RTPlﬂTimer A
P64/RTP1o P64/RTP1o; Timer A2 | P64/RTP 1o
P6:/RTPO Timer Al P6s/RTPO P63/RTP03}Timer A2 Do not select.
Egzjgﬁgz P62/RTPO: P62/RTPO:
! ' P61/RTPO:/ Timer Al | pg./RTPO:
P60/RTPO VRTPOL 1jmer A1
0 0 PGO/RTPOO PGO/RTPOJ

Note: The pulse width modulation cannot be applied to pins RTP1o and RTP11.

(4) Waveform output control bit 0 (bit 6)
* Pulse mode 0
When this bit is set to “1,” pulse output from pins RTP1lo and RTP1: becomes enabled.
When this bit is cleared to “0,” pins RTP1o and RTP1: enter the floating state.
* Pulse mode 1
Fix this bit to “0.”

(5) Waveform output control bit 1 (bit 7)

* Pulse mode 0
When this bit is set to “1,” pulse output from pins RTP0o to RTP0s becomes enabled.
When this bit is cleared to “0,” pins RTP0o to RTPOs enter the floating state.

* Pulse mode 1
When this bit is set to “1,” pulse output from pins RTP0o to RTP0s, RTP1o, and RTP1: becomes
enabled.
When this bit is cleared to “0,” pins RTP0o to RTP0s, RTP1lo, and RTP1: enter the floating state.

When a falling edge is input to pin P60UTcur, this bit becomes “0.” (See Figure 9.2.8.)
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9.2 Block description

9.2.2 Three-phase output data registers 0, 1
Figure 9.2.3 shows the structures of three-phase output data registers 0, 1 (in the pulse output port mode).

b7 b6 b5 b4 b3 b2 bl b0
T

Three-phase output data register O (Address A8:s)

1

Bit Bit name Function At reset| R/W
0 RTPOo pulse output data bit 0: “L” level output 0 RW
1 |RTPO: pulse output data bit 1:"H" level output 0 RW
2 RTPO:2 pulse output data bit 0 RW
3 RTPOs pulse output data bit 0 RW
4 |RTPlopulse output data bit 0:“L” level output 0 RW
(Valid in pulse mode 1.) (Note) |1 :“H" level output
5 RTP1: pulse output data bit 0 RW
(Valid in pulse mode 1.) (Note)
7 Pulse output trigger select bits | b7 b6
6 P 99 0 0 : Underflow of timer AO 0 RW
0 1: Falling edge of input signal to pin RTPrco
1 0 : Rising edge of input signal to pin RTPrco
11 : Both falling and rising edges of input signal to
pin RTPreo
Note: Invalid in pulse mode 0.
b7 b6 b5 b4 b3 b2 bl b0
Three-phase output data register 1 (Address A916) x | x
Bit Bit name Function At reset| R/W
0 Pulse width modulation enable 0 : No pulse width modulation by timer A1 0 RW
bit 0 1 : Pulse width modulation by timer Al
1 Pulse width modulation enable | O : No pulse width modulation by timer A2 0 RW
bit 1 1 : Pulse width modulation by timer A2
2 Pulse width modulation enable | 0: No pulst_a width modL_JIation k_)y timer A4 0 RW
bit 2 1 : Pulse width modulation by timer A4
3 Pulse output polarity select bit 0 : Positive 0 RW
1: Negative
4 RTP1o pulse output data bit 0: “L” level output 0 RW
(Valid in pulse mode 0) (Note) | 1:“H” level output
5 RTP1: pulse output data bit 0 RW
(Valid in pulse mode 0) (Note)
6 Invalid in pulse output port mode. 0 RW
RW

X: It may be either “0” or “1.”

Note: Invalid in pulse mode 1.

Fig. 9.2.3 Structures of three-phase output data registers 0, 1 (in pulse output port mode)
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9.2 Block description

(1) RTPOo to RTPOs pulse output data bits (bits 0 to 3 at address AB8us)
Each time when a pulse output trigger is generated, the contents written to these bits are output from
the corresponding pulse output pins (Note). The pulse output trigger can be selected by the pulse
output trigger select bits (bits 7, 6 at address A8is).

(2) RTP1o, RTP1: pulse output data bits (bits 4, 5 at address A8is)
These bits are valid in pulse mode 1.
Each time when a pulse output trigger is generated, the contents written to these bits are output from
the corresponding pulse output pins (Note). The pulse output trigger can be selected by the pulse
output trigger select bits (bits 7, 6 at address A8is).
These bits are invalid in pulse mode 0.

(3) Pulse output trigger select bits (bits 7, 6 at address A8is)
The pulse output trigger can be selected from an internal trigger and an external trigger. When using
an external trigger (input signal to pin RTPrrco), be sure to clear the corresponding bit of the direction
register of the port, which is multiplexed with pin RTPtrco, in order to set this port pin for the input
mode.

(4) Pulse width modulation enable bits 0 to 2 (bits 0 to 2 at Address A9is)
These bits are used to select the pins, where the pulse width modulation is to be applied. Synchronous
with a pulse output trigger, the contents of these bits become valid. Table 9.2.3 lists the pulse-width-
modulation-relevant bits.

(5) Pulse output polarity select bit (bit 3 at address A9ie)
When this bit = “0,” the data corresponding to the contents which have been set in the RTPOo to
RTPOs, RTP1lo, RTP1: pulse output data bits are output from pins RTPOo to RTP0s, RTP1lo, RTP11.
When this bit = “1,” the contents which have been set in the RTP0o to RTPO0s, RTP1lo, RTP1: pulse
output data bits are reversed (in other words, pulses with the negative polarity are generated here.);
and then, these pulses with the negative polarity are output from pins RTPOo to RTPOs, RTP1lo, RTP11.

(6) RTP1o, RTP1: pulse output data bits (bits 4, 5 at address A91s)
These bits are valid in pulse mode 0.
Each time when an underflow occurs in timer A3, the contents which have been written to these bits
are output from the corresponding pulse output pins (Note).
These bits are invalid in pulse mode 1.

Note: The output level at a pulse output pin is undefined in the period from when data is written to
these bits until the first occurrence of a pulse output trigger. If it is necessary to avoid this state,
perform “Processing of avoiding undefined output before starting pulse output” in Figure 9.3.2.
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9.2 Block description

Table 9.2.3 Pulse-width-modulation-related bits

Pulse output pins where
pulse width modulation is to
be applied (Timers used for

pulse width modulation)

Pulse width modu-
lation timer select bits
(bits 5, 4 at
address A61e)

Pulse width modu-
lation enable bit 2
(bit 2 at address A91s)

Pulse width modu-
lation enable bit 1
(bit 1 at address A91s)

Pulse width modu-
lation enable bit 0
(bit 0 at address A91s)

Pulse
mode 0

4 pins

RTPOs to RTPQo
(Timer Al)

00

Pulse
mode 1

6 pins

RTP1:, RTP1,,
RTPOs to RTPOo
(Timer Al)

00

In a
unit of

3 pins

RTP1:, RTP1o,
RTPOs
(Timer A2)

RTPO2 to RTPQo
(Timer Al)

01

In a
unit of
2 pins

RTP1:, RTP1o
(Timer A4)

RTPO0s3, RTPO:
(Timer A2)

RTPO:1, RTPOo
(Timer Al)

10

X: It may be either “0” or “1.”
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9.2 Block description

9.2.3 Port P2 direction register, Port P7 direction register

Figure 9.2.4 shows the structure of the port P2 pin function control register; Figure 9.2.5 shows the
relationship between the port P2/P7 direction register and pulse output trigger input pins.

The allocation of the pulse output trigger input pin can be changed by the pin INTs/RTPrco select bit.
When using pin P74(P27)/RTPtreo as a pulse output trigger input pin, be sure to clear the corresponding
bit of the direction register of the port, which is multiplexed with pin RTP+rco, in order to set this port pin
for the input mode.

b7 b6 b5 b4 b3 b2 bl b0
Port P2 pin function control register (Address AEac) 0
Bit Bit name Function Atreset| R/W
0 Pin TBOw select bit 0 : Allocate pin TBOn to P5s. 0 RW
1 : Allocate pin TBOn to P24.
1 Pin TB1 select bit 0 : Allocate pin TB1 to P5e. 0 RW
1 : Allocate pin TB1in to P2s.
2 Pin TB2i select bit 0 : Allocate pin TB2n to P5z. 0 RW
1 : Allocate pin TB2in to P2s.
3 Pin INTs/RTPreo Select bit 0: Allocate pin INTs/RTPrrco to P74, 0 RW
(Note) 1: Allocate pin INTs/RTPrco to P27.
6to 4 | Nothing is assigned. Undefined| —
7 | Fix this bit to “0.” 0 RW
Note: When allocating pin INTs/RTPreo to P74, be sure that the D-A: output enable bit (bit 1 at address 9616) = “0” (output
disabled).
Fig. 9.2.4 Structure of port P2 pin function control register
7906 Group User’'s Manual Rev.2.0 9-9
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9.2 Block description

b7 b6 b5 b4 b3 b2 bl b0

Port P2 direction register (Address 81s)

Bit Corresponding pin Functions At reset| R/W

0 Pin TA4our 0 : Input mode 0 RW
: 1 : Output mode

1 Pin TA4in 0 RW
: When using this pin as a pulse output trigger

2 | Pin TASour input pin, be sure to clear the corresponding bit |__° R

8 Pin TA9n to “0.” 0 RW

4 Pin TBO (Note 1) 0 RW

5 Pin TB1w (Note 2) 0 RW

6 Pin TB2in (Note 3) 0 RW

7 Pin RTPrco (Pin INTs) (Note 4) 0 RW

Notes 1: This applies when the pin TBOn select bit (bit O at address AEis) = 1.
2: This applies when the pin TB1w select bit (bit 1 at address AEze) = 1.
3: This applies when the pin TB2n select bit (bit 2 at address AEze) = 1.
4: This applies when the pin INTs/RTPrco select bit (bit 3 at address AEis) = 1.
5: () shows the I/O pin of another internal peripheral device which is multiplexed.

b7 b6 b5 b4 b3 b2 bl b0

Port P7 direction register (Address 111s)

Bit Corresponding pin Function At reset| R/W
0 Pin ANo 0 : Input mode 0 RW
- 1: Output mode
1 Pin AN 0 RW
> Pin AN» When using this pin as a pulse output trigger 0 RW
input pin, be sure to clear the corresponding bit
3 Pin ANs/DAo t0 “0.” 0 RW
4 Pin RTPrco (Pin AN4/DA1/INT3) 0 RW
(Note 1)
7 to 5 | Nothing is assigned. Undefined| —

Notes 1: This applies when the pin INTs/RTPrrco select bit (bit 3 at address AEis) = 0.
2: () shows the 1/O pin of another internal peripheral device which is multiplexed.

Fig. 9.2.5 Relationship between port P2/P7 direction register and pulse output trigger input pins
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9.2 Block description

9.2.4 Timers AO to A4

Timers AO and A3 are used as control registers; each generates a pulse output trigger. When using timers
AO and A3, be sure to use them in the timer mode. (Refer to section “7.3 Timer mode.”)

When performing the pulse width modulation, be sure to use timers Al, A2, A4 in the pulse width modulation
mode. (Refer to section “7.6 Pulse width modulation (PWM) mode.”) Note that, from pin P20/TA4our, a
PWM pulse by timer A4 is output. When it is unnecessary to output a PWM pulse, be sure to clear bit 2
of the timer A4 mode register (address 5A16) to “0.” At this time, pin P20 can be used as a programmable
I/0 port pin.

Figure 9.2.6 shows the structure of the timer AO and A3 mode registers (in the pulse output port mode);
Figure 9.2.7 shows the structures of the timer Al, A2, A4 mode registers (in the pulse output port mode
with pulse width modulation used).

Timer A0 mode register (Address 561s) b7 b6 bS b4 b3 b2 bl b0

Timer A3 mode register (Address 5916) , |0]0,0]0|0, 0
Bit Bit name ‘ Functions Atreset| R/W
0 Fix these bits to “000000:" in the pulse output port mode. 0 RW
1 0 RwW
2 0 RW
3 0 RW
4 0 RW
5 0 RW
6 Count source select bits See Table 7.2.3. 0 RW
7 0 RW

Fig. 9.2.6 Structure of timer AO and A3 mode registers (in pulse output port mode)
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9.2 Block description

b7 b6 b5 b4 b3 b2 bl b0
T

Timer A1 mode register (Address 571s) T T
Timer A2 mode register (Address 581s) 1 0,0j0f1,1
Bit Bit name ‘ Functions At reset| R/W
0 Fix these bits to “000112" in the pulse output port mode. 0 RW
1 0 RW
2 0 RW
3 0 RW
4 0 RW
5 16/8-bit PWM mode select bit 0 : 16-bit pulse width modulator 0 RW
1 : 8-bit pulse width modulator
Count source select bits See Table 7.2.3. 0 RW
7 | 0 RW

b7 b6 b5 b4 b3 b2 bl b0
T T T

Timer A4 mode register (Address 5Ais) 0 0 11
1 1 1
Bit Bit name ‘ Functions Atreset| R/W
0 Fix these bits to “11." in the pulse output port mode. 0 RW
1 0 RW
2 Pulse output function select bit | 0 : No pulse output 0 RW
g!_ﬁ;l—om pin functions as a programmable 1/O port

1: Pulse output
(TA4out pin functions as a PWM pulse output pin.)

3 Fix these bits to “002" in the pulse output port mode. 0 RW
4 0 RW
16/8-bit PWM mode select bit 0 : 16-bit pulse width modulator 0 RW

1 : 8-bit pulse width modulator
6 Count source select bits See Table 7.2.3. 0 RW
7 0 RW

Fig. 9.2.7 Structures of timer Al, A2, A4 mode registers (in pulse output port mode with pulse width
modulation used)
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9.2 Block description

9.2.5 Pin P60UTcur (pulse-output-cutoff signal input pin)
When a falling edge is input to pin P60UTcur, the waveform output control bit 1 (bit 7 at address A6u1s)
becomes “0” and the pulse output pins enter the floating state. (In other words, pulse output becomes
disabled.) The pulse output pins where pulse output is to be inactive depend on the pulse output mode.
* Pulse mode 0: RTPOo to RTPOs
e Pulse mode 1: RTPQOo to RTPOs, RTP1o, RTP11
When restarting pulse output after the pulse output becomes inactive, be sure to return the input level at
pin P60UTcur to “H” level; and then, be sure to set the waveform output control bit 1 to “1.” When the input
level at pin P60UTcuris “L” level, the waveform output control bit 1 cannot be “1.”
Also, at this time, bits 0 through 5 of the port P6 direction register (address 1016) become “000000z.” (Refer
to section “5.2.3 Pin P60UTcur/INT4.”) Therefore, if it is necessary to switch port pins P6o through P6s to
port output pins, be sure to do as follows:
O Return the input level at pin P60UTcur to “H” level.
0 Write data to the port P6 register (address Eis)’s bits, corresponding to the port P6 pins which will
output data.
0 Set the port P6 direction register’s bits, corresponding to the port P6 pins in O, to “1” in order to set
these port pins to the output mode.

When the input level at pin P60UTcuris “L” level, no bit of the port P6 direction register can be “1.”
Figure 9.2.8 shows the relationship between the P60UTcur input, waveform output control bit 1, and pulse
output pin.

Note that, when not making the pulse output inactive by using pin P60UTcur, be sure to connect pin
P60OUTcur to Vcc via a resistor.

Selection of pulse output port mode
(selected by bit s 3 to 0 at address A6:s)

\

O

P60OUTcuT input

s

Waveform output control bit 1
(bit 7 at address Ab616)

. Programmable \ _______ oo N ;
Pulse output pin O port > { Pulse output

Floating Floating

O
O

0 When the pulse output port mode is selected, the pulse outpit pins become floating.
O The pulse is output by writing of “1” with the input level at pin P6OUTcur = “H.”
0 When a falling edge is input to pin P60UTcur, this bit becomes “0.”

Fig. 9.2.8 Relationship between P60UTcurinput, waveform output control bit 1, and pulse output pin
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9.3 Setting of pulse output port mode

9.3 Setting of pulse output port mode

Figures 9.3.1 to 9.3.5 show an initial setting example for registers relevant to the pulse output port mode,
where an underflow of timer AO is used as a pulse output trigger (in pulse mode 1). Note that when using
interrupts, set up to enable the interrupts. For details, refer to “CHAPTER 6. INTERRUPTS.”

/ Selecting pulse output mode and Selecting each function

|b(; | 0 | : | 1 | 0 : 0 : T| Waveform output mode register (Address A616)

Pulse mode 1

Pulse widh modulation timer select bits
See Table 9.2.2.

Waveform output control bit O
Fix this bit to “0” in pulse mode 1.

Waveform output control bit 1
Pulse output disabled

O Pulse output pins are floating until the pulse output becomes enabled. J

-

Continue to “Figure 9.3.2.”

Fig. 9.3.1 Initial setting example for registers relevant to pulse output port mode (in pulse mode 1) (1)
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9.3 Setting of pulse output port mode

From preceding “Figure 9.3.1”

b7 b0
|0: 0| | I | | | |Three-phase output data register 0 (Address A816)

L RTPOo
—RTPO1
RTPO2
RTPO3
RTP1o
RTP11

Pulse output trigger select bits
Underflow of Timer AO

Initial output data is set.

b7 b0
| O I] I:I O | I | | | | Three-phase output data register 1 (Address A916)

Pulse width modulation enable bit 0
—— Pulse width modulation enable bit 1 See Table 9.2.3.
Pulse width modulation enable bit 2

Pulse output polarity select bit
0 : Positive
1: Negative

X : It may be either “0” or “1.”
b7 b0
T T T
| 00 | 0 | 00 | 0 | 00 | Timer A0 mode register (Address 5616)
1 1 1

‘ Selection of count source f2

(b15) (b8)
b7 b0 b7 b0
| 0016 . 0016 Timer AO register (Addresses 4716 and 4616)
Y A value of “000016” is set.
b7 b0

| | I | | 0 | 0 : 0 : 0 | Timer AO interrupt control register (Address 7516)

Interrupt disabled
No interrupt request

b7 b0
| | | | I | | | |Countstartregistero(Address401e)

L Timer AO count start bit
1 : Start counting

When an underflow occurs in timer AQ, the contents of three-phase output data register 0 are output from the filp-flop.
(Pulse output pins are floating until the pulse output becomes enabled.)

b7 bo
| | | | I | | | |Countstartregistero(Address4016)

L Timer AO count start bit

( Processing of avoiding undefined output before starting pulse output (Note) \
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
|
I
|
|
|
I
|
|
I 0 : Stop counting

This processing can be omitted when the system is not
affected by the undefined output.

Continue to “Figure 9.3.3.”

Fig. 9.3.2 Initial setting example for registers relevant to pulse output port mode (in pulse mode 1) (2)
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9.3 Setting of pulse output port mode

From preceding “Figure 9.3.2"

Selecting pulse output data, pulse output mode, pulse width modulation
b7 b0
| 0,0 | | | | | | | Three-phase output data register O (Address A816)

RTPOo
— RTPO1
RTPO2
RTPO3
RTP1o
RTP11

Pulse output trigger select bits
Underflow of Timer AO

The output data is set.

b7 b0
| DI] Ei I:Il | | | | | Three-phase output data register 1 (Address A916)

Pulse width modulation enable bit 0
— Pulse width modulation enable bit 1 See Table 9.2.3.
Pulse width modulation enable bit 2

Pulse output polarity select bit
0 : Positive
1: Negative

\\ X: It may be either “0” or “1.” /

Setting of timer AO

b7 b0
| : | 0 | 0 : 0 | 0 | 0 : 0 | Timer A0 mode register (Address 5616)

Count source select bits
See Table 7.2.3.

(b15) (b8)
b7 b0 b7 b0
| 0016 . 0016 Timer AO register (Addresses 4716 and 4616)
Y A value in the range from “000016” to
“FFFF16” (n) is set.
b7 b0
| | | | | 0 | , | Timer AO interrupt control register (Address 7516)

Interrupt priority level select bits
When using interrupts, set these bits to one of levels 1 to 7.
When disabling interrupts, set these bits to level 0.

No interrupt request

Continue to “Figure 9.3.4.”

Fig. 9.3.3 Initial setting example for registers relevant to pulse output port mode (in pulse mode 1) (3)
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9.3 Setting of pulse output port mode

When pulse width modulation is performed

From preceding “Figure 9.3.3"

pEEEEREEEEN

When pulse width modulation is not performed

/

b7

b0

See Table 7.2.3.

m When 16-bit pulse width modulator

(b15) (b8)
b7 b0 b7

[0 0] [1 1| TimerAjmode register (j = 1, 2, 4) (Addresses 5715, 5816, 5A15)

, 2 : Fix this bit to “0.”
: When not using pin TA4ourt (in other words, when using pin
P20 as a programmable I/O port pin), clear this bit to “0.”

16/8-bit PWM mode select bit
0 : 16-bit pulse width modulator
1 : 8-bit pulse width modulator

Count source select bits

Setting of PWM pulse period and “H” level width

~

po Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4B16, 4A16)
Timer A4 register (Addresses 4Fis, 4E16)

L

m When 8-bit pulse width modulator

(b15) (b8)
b7 b0 b7

A value in the range from “000016 to FFFE16” (n) is set.

bo Timer Al register (Addresses 4916, 4816)

| Timer A2 register (Addresses 4B16, 4A16)
Timer A4 register (Addresses 4F1s6, 4E16)

L

A value in the range from “0016” to “FF16” (m) is set.

-

A value in the range from “0016" to “FE16” (n) is set.

/

0 When operating as 8-bit pulse width modulator
period = (M* 12=1) 1fi 2-1
“H" level width = 2(™.* 1)
fi : Frequency of count source

However, if n = “001s,” the pulse width modulator
does not operate and pin TAjour pin outputs “L”
level. At this time, no timer Aj interrupt request
occurs.

Continue to “Figure 9.3.5.”

0 When operating as 16-bit pulse width modulator
211
fi

“H” level width = Tn.

fi : Frequency of count source

Period =

However, if n = “00001s,” the pulse width modulator
does not operate and pin TAjour pin outputs “L”
level. At this time, no timer Aj interrupt request
occurs.

Fig. 9.3.4 Initial setting example for registers relevant to pulse output port mode (in pulse mode 1) (4)
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9.3 Setting of pulse output port mode

From preceding “Figure 9.3.4”

Enabling pulse output
b7 bo

|1| | : | | ' : Waveform output mode register (Address A616)

‘ Waveform output control bit 1
Pulse output enabled

J When pulse output becomes enabled, the initial output data is output from pulse output pins.

a N

Setting count start bit to “1.”
b7 b0
| | | | | | | | | Count start register 0 (Address 4016)

LTimer AO count start bit

Timer Al count start bit

Timer A2 count start bit

Timer A3 count start bit

Pulse output starts after an underglow of timer AO.

Fig. 9.3.5 Initial setting example for registers relevant to pulse output port mode (in pulse mode 1) (5)
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9.4 Pulse output port mode operation
9.4 Pulse output port mode operation

9.4.1 Pulse output trigger

(1) RTPOo to RTPOs in pulse mode 0, Pulse mode 1
The pulse output trigger can be selected from an internal trigger and an external trigger.
When the pulse output trigger select bits (bits 7, 6 at address A8is) = “002,” an internal trigger is
selected; when these bits = “012,” “102,” or “112,” an external trigger is selected.

m Internal trigger
A trigger occurs at an underflow of timer AO. This trigger occurrence can be confirmed by using
the timer AO interrupt request bit.

m External trigger
A trigger occurs at a valid edge input to pin RTPtreo (NoOte). This trigger occurrence can be confi-
rmed by using the INT= interrupt request bit. Table 9.4.1 lists the setting of INTz according to valid
edges.
Also, the allocation of pin RTPtreo can be changed by the pin INTs/RTPrco select bit (bit 3 at
address AEus).
Be sure to clear the port direction register’s bit, corresponding to pin RTPrrco, to “0” in order to
set the port pin to the input mode.

Note: This is set by the pulse output trigger select bits (bits 7, 6 at address A8is).

Table 9.4.1 Setting of INTs according to valid edges

Valid edge input to pin RTPrco Setting of INTs (Note)
Falling Falling (edge sense)
Rising Rising (edge sense)
Falling and Rising Falling and Rising (edge sense): used alternately

Note: Refer to section “6.10 External interrupts.”

(2) RTP1o, RTP1: in pulse mode 0
The pulse output trigger is an internal trigger.
A trigger occurs at an underflow of timer A3. This trigger occurrences can be confirmed by using the
timer A3 interrupt request bit.
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9.4 Pulse output port mode operation

9.4.2 Operation at internal trigger

O When the timer Ai (i = 0, 3) count start bit is set to “1,” the counter starts counting of a count source.

O The contents of the pulse output data bits of three-phase output data registers 0, 1 are output from the
corresponding pulse output pins at each underflow of timer Ai. While the pulse width modulation is
selected, the pulse width modulation is performed for “H” level output.
The timer reloads the contents of the reload register and continues counting.

O The timer Ai interrupt request bit is set to “1” when the counter underflows in 0. The interrupt request
bit retains “1” until the interrupt request is accepted or it is cleared to “0” by software.

O Write the next output data into three-phase output data registers 0, 1 during a timer Ai interrupt routine
(or after the confirmation of a timer Ai interrupt request occurrence.)

Figures 9.4.1 to 9.4.3 show examples of pulse output port mode operations.

n : Reloaded value

FFFFie

(Hex.)

o1

Starts counting Starts pulse outputting

Timer AQ’s counter contents

000016

01

Contents of bits 3 to 0 of

three-phase output data register 0 0011

RTPOo output

RTPO: output

RTPO:2 output

Undefined 02

Undefined 02

Undefined o2 |

RTPOs output Undefined 2 |

Timer AQ interrupt —~

request bit

01
02

: Written by software

: When avoiding undefined output in these terms (in other words, when stabilizing
these output level), be sure to follow the procedure “Processing of avoiding undefined
output before starting pulse output” in Figure 9.3.2.

03 : Cleared to “0” by an interrupt request acceptance or cleared by software.

The above applies when the following conditions are satisfied:
*Pulse mode 0 selected

*RTPOo0 to RTPO3 selected

*No pulse width modulation

*Positive polarity

Fig. 9.4.1 Example of pulse output port mode operation (1)
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9.4 Pulse output port mode operation

n

FFFFis

(Hex.)

Timer AQ’s counter contents

000016

Contents of bits 3 to 0 of
three-phase output data register 0

RTPOo output

RTPO: output

RTPO:2 output

RTPOs output

Timer AO interrupt
request bit

: Reloaded value

o1
Starts counting

Starts pulse outputting

01

00112

Undefined 02 |

Undefined 2 |

Undefined 52 |

Undefined 02 |

o3

01
02

03:

: Written by software
: When avoiding undefined output in these terms (in other words, when stabilizing
these output level), be sure to follow the procedure “Processing of avoiding undefined

output before starting pulse output” in Figure 9.3.2.
Cleared to “0” by an interrupt request acceptance or cleared by software.

The above applies when the following conditions are satisfied:

*Pulse mode 0 selected
*RTPO0o to RTPO3 selected

*No pulse width modulation

*Negative polarity

Fig.

9.4.2 Example of pulse output port mode operation (2)
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9.4 Pulse output port mode operation

n : Reloaded value

FFFFis

(Hex.)

Timer AQ’s counter contents
>
JJJF

01
Starts counting Starts pulse outputting

000016 —\—L‘

01 -
Contents of bits 5 to 0 of ><:
three-phase output data register 0 001100- 100001

e | L U U UL
by timer A1 !

imee LT ]
s | [ L L LT L

RTPOo output  Undefined ™ |

RTPO: output Undefined -2 |

RTPOz output  Undefined 2 | | |—|

RTPOs output  Undefined % | | I_l

RTPlooutput  Undefined “? |

RTP1: output Undefined 2 |

Timer A0 interrupt |_| = |_| o |_| o |_|U3
request bit

01 : Written by software

02 : When avoiding undefined output in these terms (in other words, when stabilizing
these output level), be sure to follow the procedure “Processing of avoiding undefined
output before starting pulse output” in Figure 9.3.2.

03 : Cleared to “0” by an interrupt request acceptance or cleared by software.

The above applies when the following conditions are satisfied:

*Pulse mode 1 selected

*Pulse width modulation applied (in a unit of 2 pins; timers A1, A2, and A4 are used.)
*Positive polarity

Fig. 9.4.3 Example of pulse output port mode operation (3)
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9.4 Pulse output port mode operation

9.4.3 Operation at external trigger

O Each time when a valid edge of a signal input to pin RTPtreo (Note) is input, the contents of the pulse
output data bits of three-phase output data register 0 are output from the corresponding pulse output
pins. When the pulse width modulation is selected, the pulse width modulation is applied to “H” level
output.

O The INTs interrupt request bit is set to “1” when a valid edge (0O) is input. (Refer to section “9.4.1 Pulse
output trigger.”) The interrupt request bit retains “1” until the interrupt request is accepted or it is
cleared by software.

0 Write the next output data into three-phase output data register 0 during an INTs interrupt routine (or
after the confirmation of an INTs interrupt request occurrence).

Note: This is set by the pulse output trigger select bits (bits 7, 6 at address A8us).
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[Precautions for pulse output port mode]

[Precautions for pulse output port mode]

1. When using the pulse output port mode, be sure to set the relevant registers after the pulse output port mode is
set by the waveform output select bits (bits 2 to 0 at address A61s).
When not using the pulse output port mode and three-phase waveform mode, be sure to fix the waveform output
select bits (bits 2 to 0 at address A6:s) to “0002.”

2. When performing the pulse width modulation, be sure to use timers Al, A2, A4 in the pulse width modulation
mode. (Refer to section “7.6 Pulse width modulation (PWM) mode.”) Note that, from pin P20/TAdour, a PWM
pulse by timer A4 is output. When it is unnecessary to output a PWM pulse, be sure to clear bit 2 of the timer A4
mode register (address 5A16) to “0.” At this time, pin P20 can be used as a programmable I/O port pin.

3. Note that, when not making the pulse output inactive by input of a falling edge to pin P6OUTcur, be sure to connect
pin P60OUTcur to Vcc via a resistor.
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CHAPTER 10
THREE-PHASE
WAVEFORM MODE

10.1 Overview

10.2 Block description

10.3 Three-phase mode 0

10.4 Three-phase mode 1

10.5 Three-phase waveform output fixation
10.6 Position-data-retain function
[Precautions for three-phase waveform
mode]
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10.1 Overview

10.1 Overview

The three-phase waveform mode serves as follows: three-phase waveforms (3 positive waveforms and 3
negative waveforms) are output from the three-phase waveform output pins. The three-phase waveform
mode consists of “three-phase mode 0” and “three-phase mode 1.”

Table 10.1.1 lists the specifications of the three-phase waveform mode, Table 10.1.2 lists the comparison
of operations in three-phase mode 0 and 1, and Figure 10.1.1 shows the comparison of waveforms in three-
phase mode 0 and 1.

Table 10.1.1 Specifications of three-phase waveform mode

Item Specifications
Three-phase waveform output pins |6 pins (U, U, V, V, W, W)
Three-phase-waveform-output-| P6OUTcur (Input of falling edge)
forcibly-cutoff signal input pin
Operation modes Three-phase mode 0 [A timer A3 interrupt request occurs at each timer A3 underflow.
Three-phase mode 1 | A timer A3 interrupt request occurs at each second timer A3

underflow or forth one.
Timer to be used Timers AO through A2 (Used in the one-shot pulse mode)
« Timer AO : W- and W-phase waveform control
« Timer Al : V- and V-phase waveform control
« Timer A2 : U- and U-phase waveform control
Timer A3 (Used in the timer mode)
 Output period control

Three-phase waveform 1
) to [ 65536
period fa fao96
Output W.aveform and |Saw-tooth-wave mo-| _1 1 eeeae (Note)
Output width dulation output f1 faoss

Triangular wave mo-| 1

_ 02 to
dulation output fi 4096
Fixed level output | Each of the U, V, W phases is fixed to an arbitrary level.

Each of the U, V, W phases is fixed to the reversed level of the
corresponding positive phase (the U, V, W phases).

0 65535 0 2 (Note)

Dead time (width) Dead-time timer is used.
See Table 10.2.1.
Note: This value does not include the dead time.

Table 10.1.2 Comparison of operations in three-phase mode 0 and 1

Three-phase mode 0 Three-phase mode 1
Timer A3 interrupt request | Each timer A3 underflow Each second timer A3 underflow or forth
occurrence interval one is selected by software.
Timers AO through A2 |Each timer uses one register. Each timer uses two registers alternately.
Output polarity * By software, the output polarity can be set to the | » By software, the output polarity can be set

output polarity set buffer of the U, V, or W phases. | to the three-phase output polarity set buffer.
« If necessary, the contents of each output |+ At each period, the contents of the three-

polarity set buffer are reversed by software.| phase output polarity set buffer are reversed
by hardware.
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THREE-PHASE WAVEFORM MODE

10.1 Overview

Timer A3
underflow signal

Three-phase mode O  Timer A3

1
J

: Saw-tooth-wave interrupt request signal U
modulation Timer A2 |
one-shot pulse output ] |
Phase U |
Phase U | |

By software at each timer A3 interrupt,
( « Data is written to timer A2. J

=l

Three-phase mode 0  Timer A3 ‘
. Triangu|ar wave mterrupt request S|gnal

modulation Timer A2
one-shot pulse output

Phase U

f
|

Cd JEC AL

.

=

' '

'

' '

' '

' 1

_ '

Phase U | i i
'

H By software at each timer A3 interrupt, ' 1

' « Waveform output polarity is reversed. ' '

' « Data is written to timer A2. ' '

1 ; ; : i

' ' ' ' '

' ' ' ' '

' ' ' ' '

' ' ' ! '

' ' ' ' '
Timer A3 Contets of ' !
i i
' '

- Contets of
Three-phase mode 1 interrupt request signal timer A2 U timer A2 U

: Triangular wave register ' register !
: Timer A2 H
modulation one-shot pulse output Contets of Contets of

timer A21 timer A21

register register
Phase U

By software at each timer A3 interrupt,

« Data is written to timer A2 register.
[~ Data is written to timer A21 register. ] - [\g)/[ag::g\r]vmaroeutput polarity is reversed ]

Phase U

!

Note: This applies when a timer A3 interrupt request occurs at each second timer A3 underflow.

Fig. 10.1.1 Comparison of waveforms in three-phase mode 0 and 1
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and explanation of registers

When not using the pulse output port mode and three-phase waveform mode, be sure to fix the waveform

output select bits (bits 2 through 0 at address A61s) to “0002.”

When using the three-phase waveform mode, be sure to fix the waveform output select bits (bits 2 through

The following registers are common to the pulse output port mode and three-phase waveform mode:
0 at address A6:16) to “1002,” and then, set the relevant registers.

Figure 10.2.1 shows the block diagram of the three-phase waveform mode,
relevant to the three-phase waveform mode is described below.
» Waveform output mode register (address A6as)

THREE-PHASE WAVEFORM MODE

10.2 Block description
e Three-phase output data register 1 (address A9is)

» Three-phase output data register 0 (address A8ic)

10.2 Block description
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THREE-PHASE WAVEFORM MODE

10.2 Block description

10.2.1 Waveform output mode register

Figure 10.2.2 shows the structure of the waveform output mode register (the three-phase waveform mode).
Note that writing to bits 0 through 6 of this register must be performed when the counting in timers A0
through A3 is halts.

b7 b6 b5 b4 b3 b2 bl b0

Waveform output mode register (Address A6is) X 1lolo
Bit Bit name Function At reset| R/W
0 Waveform output select bits b2b1b0 0 RW

(Note 1) | 1 00: Three-phase waveform mode
1 0 RW
2 0 RW
3 Three-phase output polarity set buffer | 0 : “H” output 0 RW
(Valid in three-phase mode 1) (Note 2)| 1: “L” output
4 Three-phase mode select bit 0 : Three-phase mode 0 0 RW
1: Three-phase mode 1
5 Invalid in the three-phase waveform mode. 0 RW
6 Dead-time timer trigger select bit 0: Both falling and rising edges of one-shot 0 RW
(Note 3) pulse for timers AO to A2
1: Only the falling edge of one-shot pulse for
timers AO to A2
7 Waveform output control bit 0 : Waveform output disabled 0 RW
1 : Waveform output enabled

X: It may be either “0” or “1.”

Notes 1: When not using the pulse output mode and three-phase waveform mode, be sure to fix these bits to “0002.”
2: This bit is invalid in three-phase mode 0.
3: When the saw-tooth-wave modulation output is performed, be sure to fix this bit to “0.”
4: Writing to any of bits 0 to 6 must be performed while counting for timers AO to A3 halts.

Fig. 10.2.2 Structure of waveform output mode register (three-phase waveform mode)
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THREE-PHASE WAVEFORM MODE
10.2 Block description

(1) Three-phase output polarity set buffer (bit 3)
This bit serves as the buffer to set the output polarity of the three-phase waveform and is used in
three-phase mode 1. (Refer to section “10.2.9 Output polarity set toggle flip-flop.”)

(2) Three-phase mode select bit (bit 4)
This bit is used to select three-phase mode 0 or 1.

(3) Dead-time timer trigger select bit (bit 6)
This bit is used to select a trigger of the dead-time timer.
The saw-tooth-wave modulation requires that this bit is fixed to “0.”

(4) Waveform output control bit (bit 7)
Setting of this bit to “1” allows the three-phase waveform output from the three-phase waveform output
pins. Clearance of this bit to “0” makes the three-phase waveform output pins floating.
When a falling edge is input to pin P60UTcur, this bit becomes “0.” (See Figure 10.2.15.)
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THREE-PHASE WAVEFORM MODE
10.2 Block description

10.2.2 Dead-time timer register
Figure 10.2.3 shows the structure of the Dead-time timer register.

b7 b0
Dead-time timer (Address A71s)
Bit Function Atreset| R/W
7100 | Avalue in the range from “001s" to “FF16” can be set. Undefined| WO

Note: Use the MOVMB (MOVM when m = 1) or STAB (STA when m = 1) instruction for writing to this register.
Additionally, make sure writing to this register does not overlap with a trigger-occurrence timing of the dead-time timer.

Fig. 10.2.3 Structure of dead-time timer register

The dead-time timer is used to count the time to prevent “L” level of positive waveform outputs from
overlapping with “L” level of their negative waveform outputs. (This time is referred to as “dead time.”)
Figure 10.2.4 shows the structure of the dead-time timer.

f

Dead-time timer register

U

Dead-time timer reload register

Clock-source-of-dead-time-timer
(Bits 7, 6 at address A81e) Trigger

1/2

J

1/2

Dead-time timer

Trigger

Dead-time timer

Trigger

Dead-time timer

(Address A716)

(Common to 3

dead-time timers)

Fig. 10.2.4 Structure of dead-time timer
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THREE-PHASE WAVEFORM MODE
10.2 Block description

When a certain value is written to the dead-time timer register, this value is written to the dead-time reload
register. The M37906 has three dead-time timers, and they are independent each other. When a trigger
is generated due to each of timers AO through A2, the contents of the dead-time timer reload register are
reloaded; and then, the selected count source is counted down. Simultaneously, the one-shot pulse is
output. A trigger is selected by the dead-time timer trigger select bit (bit 6 at address A61s), and the count
source is selected by the clock-source-of-dead-time-timer select bits (bits 7, 6 at address A8is). When an
underflow occurs, the counting becomes inactive.

Figure 10.2.5 shows the relationship between the dead-time timer’'s pulse and trigger, and Table 10.2.1
lists the pulse width of the dead-time timer.

m When dead-time timer trigger select bit = “0”

) . h Y
Timer Ai's one-shot pulse

Internal '
signal : ! ! :

Dead-time timer’s pulse r
(Reversed signal) ‘

m When dead-time timer trigger select bit = “1”

Timer Ai’'s one-shot pulse
Internal E— k

signal
Dead-time timer’s pulse
(Reversed signal)
m When re-triggering

/
Timer Ai’'s one-shot pulse (

Internal o L
h ! Re-trigger ' Re-trigger
signal Loy Loy

Dead-time timer’s pulse

/
(Reversed signal) _‘_‘ __l_

Fig. 10.2.5 Relationship between dead-time timer’s pulse and trigger

Table 10.2.1 Pulse width of dead-time timer

Trigger Pulse width
State at trigger input | Edge n: 0016 n : 0lie through FFie
Dead-time timer: Rising edge of timer Ai one-shot 1 1
. . 258 0 ——— (n+2) 0 ——
inactive pulse fi fi
Falling edge of timer Ai one-shot 1 1
pulse 257 0 B (n+1) O 5
Dead-time timer: Rising edge of timer Ai one-shot
active ulse (Re-trigger
pulse (Re-trigger) 2570 —— (n+1) 0 ——
Falling edge of timer Ai one-shot fi fi
. (Note) (Note)
pulse (Re-trigger)

n: A value which is set in the dead-time timer (address A71s)
fii The dead-time timer’s clock source (f2, f2/2, f2/4)
Note: Width of pulse starting from a re-trigger occurrence timing
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THREE-PHASE WAVEFORM MODE
10.2 Block description

10.2.3 Three-phase output data register 0

Figure 10.2.6 shows the structure of the three-phase output data register 0 (the three-phase waveform
mode).

For bits 7 and 6, refer to section “10.2.2 Dead-time timer.”

b7 b6 b5 b4 b3 b2 bl b0
Three-phase output data register O (Address A8:s) x | x
Bit Bit name Function Atreset| R/W
0 W-phase output fix bit 0 : Released from output fixation 0 RW
1 : Output fixed
1 V-phase output fix bit 0 : Released from output fixation 0 RW
1: Output fixed
2 U-phase output fix bit 0 : Released from output fixation 0 RW
1 : Output fixed
3 W-phase output polarity set buffer | g : “H” output 0 RW
(Valid in three-phase mode 0.) 1:“L” output
(Note)
5,4 | Invalid in the three-phase waveform mode. 0 RwW
6 Clock-source-of-dead-time-timer lE)”(j)e f2 0 RW
— | select bits 01:f/2
7 10:f/4 0 RW
11 : Do not select.
X: It may be either “0” or “1.”
Note: This bit is invalid in three-phase mode 1.

Fig. 10.2.6 Structure of three-phase output data register 0 (three-phase waveform mode)

(1) W-phase output fix bit (bit 0)
Setting of this bit to “1” fixes the output level at the W-phase waveform output pin to the level which
is selected by the W-phase fixed output’s polarity set bit (bit 0 at address A9s); vice versa, the output
level at the W-phase waveform output pin is reversed.

(2) V-phase output fix bit (bit 1)
Setting of this bit to “1” fixes the output level at the V-phase waveform output pin to the level which
is selected by the V-phase fixed output’s polarity set bit (bit 1 at address A91s); vice versa, the output
level at the V-phase waveform output pin is reversed.

(3) U-phase output fix bit (bit 2)
Setting of this bit to “1” fixes the output level at the U-phase waveform output pin to the level which
is selected by the U-phase fixed output’s polarity set bit (bit 2 at address A9is); vice versa, the output
level at the U-phase waveform output pin is reversed.

(4) W-phase output polarity set buffer (bit 3)
This bit serves as the buffer to set the W-phase output polarity and is used in three-phase mode 0.
(Refer to section “10.2.9 Output polarity set toggle flip-flop.”)
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THREE-PHASE WAVEFORM MODE
10.2 Block description

10.2.4 Three-phase output data register 1
Figure 10.2.7 shows the structure of the three-phase output data register 1 (the three-phase waveform

mode).
b7 b6 b5 b4 b3 b2 bl b0
Three-phase output data register 1 (Address A9:1e) x | x X
Bit Bit name Function At reset| R/W
0 W-phase fixed output’s polarity | 0 : “H” output fixed 0 RW
set bit (Note 1) 1:“L" output fixed
1 V-phase fixed output’s polarity | 0 : “H” output fixed 0 RW
set bit (Note 2) 1:“L” output fixed
2 U-phase fixed output’s polarity | O : “H” output fixed 0 RW
set bit (Note 3) 1:“L” output fixed
8 Invalid in the three-phase waveform mode. 0 RW
V-phase output polarity set buffer| O : “H” output 0 RW
(in three-phase mode 0) 1:“L”" output
Interrupt request interval set bit | 0 : Every second time
(in three-phase mode 1) 1 : Every forth time
5 U-phase output polarity set buffer | 0 : “H” output 0 RW
(in three-phase mode 0) 1:“L” output
Interrupt validity output select bit | O : An interrupt request occurs at each even-number-
(in three-phase mode 1) ed underflow of timer A3
1 : An interrupt request occurs at each odd-number-
ed underflow of timer A3
7,6 | Invalid in the three-phase waveform mode. 0 RW
X: It may be either “0” or “1.”
Notes 1: Valid when the W-phase output fix bit (bit O at address A816) = “1.” Be sure not to change the value during output of a
fixed value.
2: Valid when the V-phase output fix bit (bit 1 at address A81s) = “1.” Be sure not to change the value during output of a
fixed value.
3: Valid when the U-phase output fix bit (bit 2 at address A816) = “1.” Be sure not to change the value during output of a
fixed value.

Fig. 10.2.7 Structure of three-phase output data register 1 (three-phase waveform mode)
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THREE-PHASE WAVEFORM MODE
10.2 Block description

(1) W-phase fixed output’s polarity set bit (bit 0)
Clearance of this bit to “0” fixes the output level at the W-phase waveform output pin to “H”; vice
versa, setting of this bit to “1” fixes the output level at the W-phase waveform output pin to “L.”
The output level at the W-phase waveform output pin is reversed.
Note that this bit is valid only when the W-phase output fix bit (bit O at address A81) = “1.”

(2) V-phase fixed output’s polarity set bit (bit 1)
Clearance of this bit to “0” fixes the output level at the V-phase waveform output pin to “H”; vice versa,
setting of this bit to “1” fixes the output level at the V-phase waveform output pin to “L.”
The output level at the V-phase waveform output pin is reversed.
Note that this bit is valid only when the V-phase output fix bit (bit 1 at address A8) = “1.”

(3) U-phase fixed output’s polarity set bit (bit 2)
Clearance of this bit to “0” fixes the output level at the U-phase waveform output pin to “H”; vice versa,
setting of this bit to “1” fixes the output level at the U-phase waveform output pin to “L.”
The output level at the U-phase waveform output pin is reversed.
Note that this bit is valid only when the U-phase output fix bit (bit 2 at address A81s) = “1.”

(4) V-phase output polarity set buffer (bit 4) (in three-phase mode 0)
This bit serves as the buffer to set the V-phase output polarity. (Refer to section “10.2.9 Output
polarity set toggle flip-flop.”)

Interrupt request interval set bit (bit 4) (in three-phase mode 1)

Clearance of this bit to “0” generates a timer A3 interrupt request at every second time; vice versa,
setting of this bit to “1” generates a timer A3 interrupt request at every forth time.

(Refer to section “10.4 Three-phase mode 1."”)

(5) U-phase output polarity set buffer (bit 5) (in three-phase mode 0)
This bit serves as the buffer to set the U-phase output polarity. (Refer to section “10.2.9 Output
polarity set toggle flip-flop.”)

Interrupt validity output select bit (bit 5) (in three-phase mode 1)
Clearance of this bit to “0” generates a timer A3 interrupt request at every even-numbered underflow
of timer A3; vice versa, setting of this bit to “1” generates a timer A3 interrupt request at every odd-
numbered underflow of timer A3.
(Refer to section “10.4 Three-phase mode 1.”)
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THREE-PHASE WAVEFORM MODE
10.2 Block description

10.2.5 Position-data-retain function control register
Figure 10.2.8 shows the structure of the position-data-retain function control register.
For details of the position-data-retain function, refer to section “10.6 Position-data-retain function.”

b7 b6 b5 b4 b3 b2 bl b0

Position-data-retain function control register (Address AAis)

Bit Bit name Function At reset| R/W

0 | W-phase position data retain bit | InPut level at pin IDW is read out. 0 RO
0:“L” level
1:“H" level

1 | V-phase position data retain bit | Input level at pin IDV is read out. 0 RO
0:“L" level
1:"“H" level

2 U-phase position data retain bit | Input level at pin IDU is read out. 0 RO
0:“L" level
1:"H" level

3 Retain-trigger polarity select bit | O : Falling edge of positive phase 0 RW
1 : Rising edge of positive phase

7 to 4 | Nothing is assigned. Undefined| —

Note: This register is valid only in the three-phase mode.

Fig. 10.2.8 Structure of position-data-retain function control register

(1) W-phase position data retain bit (bit 0)
This bit is used to retain the input level at pin IDW.

(2) V-phase position data retain bit (bit 1)
This bit is used to retain the input level at pin IDV.

(3) U-phase position data retain bit (bit 2)
This bit is used to retain the input level at pin IDU.

(4) Retain-trigger polarity select bit (bit 3)
This bit is used to select the trigger polarity to retain the position data.
When this bit = “0,” the falling edge of each positive phase is selected.
When this bit = “1,” the rising edge of each positive phase is selected.
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THREE-PHASE WAVEFORM MODE
10.2 Block description

10.2.6 Port P5 direction register

The position-data input pins are multiplexed with port P5 pin.

When using these pins as position-data-input pins, clear the corresponding bits of the port P5 direction
register to “0” in order to set these port pins for the input mode.

Figure 10.2.9 shows the relationship between the port P5 direction register and position-data-input pins.

b7 b6 b5 b4 b3 b2 bl bO

Port P5 direction register (Address Dis)

Bit Corresponding pin Functions At reset| R/W
4to 0 | Nothing is assigned. Undefined| —
5 Pin IDW (Pin INTs/TBO) 0 : Input mode 0 RW
1: Output mode
6 Pin IDV (Pin INTe/TB1n) 0 RW
- - When using this pin as a position-data input pin,
7 Pin IDU (Pin INT#/TB2w) be sure to clear the corresponding bit to “0.” 0 RwW

Note: The pins in () are I/O pins of other internal peripheral devices, which are multiplexed.

Fig. 10.2.9 Relationship between port P5 direction register and position-data-input pins

10.2.7 Timers AO through A2

Each of timers AO through A2 is used to control the output width of each phase, and these timers are used
in the one-shot pulse mode.

Figure 10.2.10 shows the structure of timer AO/A1/A2 mode register (in the three-phase waveform mode).
Because the underflow signal of timer A3 serves as a trigger for timers AO through A3, it is unnecessary
to set the one-shot start bit to “1.”

Note that, in three-phase mode 1, each of timers AO through A2 has the following two registers: timer AO/
A1/A2 register (addresses 4616 and 471, 4816 and 4916, 4A1s and 4Bis) and timer AO:/Ali/A21 register
(addresses DOis and D1is, D216 and D316, D416 and D516). These two registers are used to control the output
width.

Figure 10.2.11 shows the structures of the timer AO/A1/A2 mode register and timer A01/Ali/A2: register.

Timer AO/A1/A2 mode register (Addresses 5616 to 5816) b7rb6 & b4rb3 » bllbo
. 0|1 . 110]|1 . 0

Bit Bit name Function At reset| R/W
0 Fix these bits to “0110102" in the three-phase waveform mode. 0 RW
1 0 RW
2 0 RW
3 0 RW
4 0 RW
5 0 RW
6 Count source select bits See Table 7.2.3. 0 RW
7 0 RW

Fig. 10.2.10 Structure of timer AO/A1/A2 mode register (three-phase waveform mode)
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THREE-PHASE WAVEFORM MODE
10.2 Block description

Timer AQO register (Addresses 4715, 4616) (b15) (b8)
Timer Al register (Addresses 4916, 4816) b7 b0 b7 b0
Timer A2 register (Addresses 4Bas, 4A1s)

Bit Function Atreset| R/W

15to0 0| Any value in the range from “000016" to “FFFF1s” can be set. Undefined| WO
Assuming that the set value = n, the “H” level width of the one-shot pulse is expressed
as follows: N

fi Frequency of count source
Note: Use the MOVM or STA(STAD) instruction for writing to this register.
Writing to this register must be performed in a unit of 16 bits.

Timer AO: register (Addresses D11s, DO1s)

) . (b15) (b8)
Timer Ali register (Addresses D316, D216) b7 b0 b7 b0
Timer A21 register (Addresses D516, D41s) '

Bit Function At reset| R/W

15 to 0 | Any value in the range from 00001s to FFFF1s can be set. Undefined| WO
Assuming that the set value = n, the “H” level width of the one-shot pulse is expressed
as follows: n/fi.

fi: Frequency of a count source

Notes 1: Use the MOVM or STA (STAD) instruction for writing to this register. Additionally, make sure writing to this register
must be performed in a unit of 16 bits.
2: This register is valid only in three-phase mode 1 of the three-phase waveform mode.

Fig. 10.2.11 Structures of timer AO/A1/A2 register and timer A01/A1:1/A21 register

10.2.8 Timer A3
Timer A3 is used to control the carrier’s period of the whole three-phase waveform and is used in the timer

mode.
Figure 10.2.12 shows the structure of the timer A3 mode register (the three-phase waveform mode).

b7 b6 b5 b4 b3 b2 bl b0

Timer A3 mode register (Address 5916) : ololololo : 0
Bit Bit name Function Atreset| R/W
0 Fix these bits to “000000:” in the three-phase waveform mode. 0 RwW
1 0 RW
2 0 RW
3 0 RW
4 0 RW
5 0 RW
6 Count source select bits See Table 7.2.3. 0 RW
7 0 RW

Fig. 10.2.12 Structure of timer A3 mode register (three-phase waveform mode)

10-14 7906 Group User's Manual Rev.2.0

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6193519/m37906.html

THREE-PHASE WAVEFORM MODE
10.2 Block description

10.2.9 Output polarity set toggle flip-flop

The output polarity set toggle flip-flops 0 through 2 are used to control the output polarity of the positive
and negative phases of the three-phase waveform.

In three-phase mode 0, values are set into the U-, V-, W-phase output polarity set buffer (bits 5 and 4 at
address A9i6 and bit 3 at address A8us).

In three-phase mode 1, a value is set into the three-phase output polarity set buffer (bit 3 at address A61s).
These bits are transferred to the output polarity set toggle flip-flop at an underflow of timer A3.

The contents of the output polarity set toggle flip-flop are reversed at the end of the timer AO/A1/A2 one-
shot pulse.

Table 10.2.2 lists the relationship between the contents of the output polarity set toggle flip-flop and the
output level, and Figure 10.2.13 shows the operations of the output polarity set buffer and output polarity
set toggle flip-flop.

Table 10.2.2 Relationship between contents of output polarity set toggle flip-flop and output level

Contents of output polarity set toggle flip-flop |Output level of positive phase| Output level of negative phase

0 H L
1 L H

Timer A3 underflow signal

Timer A2 one-shot pulse

Internal ! !
signals : :
Contents of U-phase output o
polarity set buffer 0—=& : & : :
Trans- | Trans-| | . Trans- |
From buffer |ferreq erred : ferred |
. 1Reversed ' Reversed 1 Reversed
Contents of output polarity 1 | |
set toggle-flip flop 2 0

Fig. 10.2.13 Operations of output polarity set buffer and output polarity set toggle flip-flop

7906 Group User's Manual Rev.2.0 10-15

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6193519/m37906.html

THREE-PHASE WAVEFORM MODE
10.2 Block description

10.2.10 Three-phase waveform mode 1/O pins

When the three-phase waveform mode is selected, port P6o through P6s pins become the three-phase
waveform output pins, pin P60UTcur becomes the three-phase-waveform-output-forcibly-cutoff signal input
pin. Figure 10.2.14 shows the pins used in the three-phase waveform mode.

M37906

P6s/TA2iN/U/RTP11 | — U-phase waveform output
P64/TA20uTt/VIRTP10 | — V-phase waveform output

P63/TALN/W/RTPO3 | — W-phase waveform output

U-phase position data input - | P57/INT7/TB2in/IDU P62/TA1out/U/RTPO2 | - U-phase waveform output
V-phase position data input - | P5e/INTe/TB1in/IDV P61/TAON/V/RTPO1 | — V-phase waveform output
W-phase position data input — | P5s/INTs/TBON/IDW P60/TAOoUT/W/RTPQo | — W-phase waveform output

P60UTCcuT/INT4 | — Three-phase-waveform-output-
forcibly-cutoff signal input

Fig. 10.2.14 Pins used in three-phase waveform mode

10.2.11 Pin P60OUTcur (three-phase-waveform-output-forcibly-cutoff signal input pin)

When a falling edge is input to pin P60UTcur, the waveform output control bit (bit 7 at address A61s)

becomes “0”; and then the three-phase waveform output pins enter the floating state. (In other words, the

three-phase waveform output becomes inactive.)

When restarting the three-phase waveform output after this output becomes inactive, be sure to return the

input level at pin P60UTcur to “H”; and then, be sure to set the waveform output control bit to “1.” When

the input level at pin P60UTcur is “L,” the waveform output control bit cannot be “1.”

Also, at this time, bits 0 through 5 of the port P6 direction register (address 1016) become “0000002.” (Refer

to section “5.2.3 Pin P60UTcut/INT4.”) Therefore, if it is necessary to switch port pins P6o through P6s to

the port output pins, be sure to do as follows:

0 Return the input level at pin P60UTcur to “H” level.

0 Write data to the port P6 register (address Eis)'s bits, corresponding to the port P6 pins which will output
data.

0 Set the port P6 direction register’s bits, corresponding to the port P6 pins in 0, to “1” in order to set
these port pins to the output mode.

When the input level at pin P60UTcur is “L,” each bit of the port P6 direction register cannot be “1.”

Figure 10.2.15 shows the relationship between the P60UTcur input, waveform output control bit, and three-

phase waveform output pin.

Note that, when not inactivating the three-phase waveform output by using pin P60UTcur, be sure to

connect pin P60UTcur to Vcc via a resistor.

Three-phase waveform mode is selected (Bit 2 through 0 at address A61s = 1002)

\

‘0

P60UTcuT input

Waveform output control bit
(bit 7 at address A616) ; ID

Th h f Programmable’\ .  Three-phase \ . __ ¢ Three-phase
ree-phase wavetrorm 1/0 port aveform output waveform output

output pin Floating Floating

0 When the three-phase waveform mode is selected, the three-phase waveform output pins enter the floating state.
[ Due to writing of “1” when the input level at pin P6OUTcur = “H,” a pulse is output.
0 Due to an input of a falling edge to P60OUTcur, this bit becomes “0.”

Fig. 10.2.15 Relationship between P60UTcur input, waveform output control bit, and three-phase
waveform output pin
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10.3 Three-phase mode 0

10.3 Three-phase mode 0

10.3.1 Setting for three-phase mode 0

Explanation of the triangular wave modulation output and saw-tooth-wave modulation output in three-phase
mode 0 is described below. Table 10.3.1 lists the differences between the triangular wave modulation
output and the saw-tooth-wave modulation output (in view of software).

Table 10.3.1 Differences between triangular wave modulation output and saw-tooth-wave modulation
output (in view of software)

Triangular wave modulation output | Saw-tooth-wave modulation output
Trigger of dead-time timer Falling edge of timers AO through A2 |Falling and Rising edges of timers AO
through A2
Contents of output polarity set Reversed at each timer A3 interrupt|Not reversed.
buffer request occurrence.

Figures 10.3.1 and 10.3.2 show an initial setting example for registers relevant to three-phase mode 0,
Figure 10.3.3 shows a data-updating example in three-phase mode 0.

Note that the initial output level at the three-phase waveform output pin is undefined. Be sure to start the
three-phase waveform output (in other words, the waveform output is enabled.) after the output level at the
three-phase waveform output pin is stabilized.
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THREE-PHASE WAVEFORM MODE
10.3 Three-phase mode 0

Y

b7

bo
[ofofo]0]

Timers AO through A3 are inactive.

Count start register 0
(address 4016)

Stops counting in timer AO.
Stops counting in timer AL.
Stops counting in timer A2.
Stops counting in timer A3.

Setting of waveform output mode register

b7 b0
o] [ofo[o]1.0.0]

b7

0

Setting of dead-time timer

b0

L Avalue in the range from “0016” to “FF16”

is set.

~

Waveform output mode register
(address A616)

Three-phase mode 0

Dead-time timer trigger
select bit
0 : Falling and Rising edges
of one-shot pulse
1 : Falling edge of one-shot
pulse

Waveform outout is disabled.

: It may be either “0” or “1.”

Dead-time timer
(address A716)

%

.
-

Setting of three-phase output data register 0, 1

b7 bo
[ Tolol TofoJo]
b7 b0
[ofo] [ & [ofolo]

O : It may be either “0” or “1.”

~

Three-phase output data register 0
(address A816)

Released from W-phase output
fixation.
Released from V-phase output
fixation.
Released from U-phase output
fixation.

W-phase output polarity set buffer
0 : “H” output
1:“L" output
Clock-source-of-dead-time-timer
select bits

b7 b6
00:f2

0 1:f2/2
10:f2/4

Three-phase output data register 1
(address A916)

V-phase output polarity set buffer
0 : “H” output
1:"“L” output

U-phase output polarity set buffer
0 : “H” output
1:“L” output

%

P

Setting of timers AO through A2 to one-shot pulse mode
b7 bo
[ lols,a]0f1 0]

Timer AO/A1/A2 mode register
(addresses 5616 to 5816)

‘ Count source select bits
(See Table 7.2.3.)

Setting of timer A3 to timer mode

Timer A3 mode register

br o
| I |0|0|0|0|O|O (address 5916)

Count source select bits
(See Table 7.2.3.)

Setting of timer AO/A1/A2 interrupt request to “disabled”

b7

— Timer AO/A1/A2 interrupt
| | |0 | 0,0, Ol control register
(addresses 7516 to 7716)

Interrupt disabled
No Interrupt request

Setting of timer A3 interrupt priority level

b7 b0
—
CET ol L ]

Timer A3 interrupt control register
(address 7816)

Timer A3 interrupt priority level
Set to one of levels 1 through 7.

No Interrupt request

Setting of period of timer A3's carrier wave

(b8)

(b15)
b7 b0 b7
T

Timer A3 register

b0
| (addresses 4D16, 4C16)

L A value in the range from “000016" to
“FFFF16” is set.

Setting of output width of each phase of timers AO
through A2

(b15) (b8)
b7 b0 b7

Timer AO register
b0 (addresses 4716, 4616)
Timer Al register
(addresses 4916, 4816)
Timer A2 register
(addresses 4B16, 4A16)

Avalue in the range from “000016" to
“FFFF16” is set.

Continues to the next page.

Fig. 10.3.1 Initial setting example for registers relevant to three-phase mode 0 (1)
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THREE-PHASE WAVEFORM MODE
10.3 Three-phase mode 0

Continued from the preceding page.

~

Internal output for stabilization of output level

|b7| | | | 1 | 1| 1|bf| Count start register 0
(address 4016)

Starts counting in timer AQ.

Starts counting in timer Al.

Starts counting in timer A2.

Starts counting in timer A3.

o %

Check whether the timer Ai interrupt request bit is “1” or not.
(Note that the first one-shot pulse width of timer Ai must be
the maximum among those of timers AO through A2.)

Waiting for the dead time, which
was previously set, to elapse

0 The output level is stabilized.

Three-phase waveform output is enabled.

b7 T .bo Waveform output mode register
|1| | | | | P |(addressA616)

Three-phase waveform output
is enabled.

Three-phase waveform output starts.

Fig. 10.3.2 Initial setting example for registers relevant to three-phase mode 0 (2)
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10.3 Three-phase mode 0

Timer A3 interrupt

J

(s

etting of output width of each phase of timers AO

through A2
(%15) (b8) Timer AO register
7

~

b0 b7 b0
T

(addresses 4716, 4616)
Timer Al register

N

(addresses 4916, 4816)
Timer A2 register
(addresses 4B16, 4A16)

A value in the range from “000016” to
“FFFF16” is set.

/

Saw-tooth-wave modulation

NN NN NN NN NN NN NN NN NN RENEREEY
=

sEEEREEEEE

Triangular wave modulation

-

Setting of U-,V-,W-phase output polarity set buffer

~

: reversed
il T b0 Three-phase output
| . | | | I | | | data register 0
(address A816)
W-phase output polarity set buffer
0 : “H” output
1:"“L” output
Bit 3 is reversed.
b7 b0

Three-phase output
data register 1

N

Bits 4 and 5 are reversed.

(address A916)

V-phase output polarity set buffer
0 : “H” output
1:“L" output

U-phase output polarity set buffer
0 : “H” output
1:“L” output

/

Timer AO/A1/A2 data calculation for the next time

Interrupt processing is completed.

Fig. 10.3.3 Data-updating example in three-phase mode 0
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THREE-PHASE WAVEFORM MODE
10.3 Three-phase mode 0

10.3.2 Operation in three-phase wave mode 0

Figure 10.3.4 shows a triangular wave modulation output example (three-phase mode 0), and Figure 10.3.5
shows a saw-tooth-wave modulation output example (three-phase mode 0)

O When an underflow occurs in the timer A3 counter, a timer A3 interrupt request is generated;
simultaneously, the one-shot pulse outputs of timer AO through A2 are started. Also, the contents of
the output polarity set buffer of each phase are transferred to the output polarity set toggle flip-flop.
In the case of the saw-tooth-wave modulation output, the one-shot pulse of the dead-time timer is
output. Also, each of the positive and negative waveform outputs is not allowed to become “L” level
from “H” level until the reversed signal of the one-shot pulse output of the dead-time timer rises.

O The contents of the output polarity set toggle flip-flop are reversed at each falling edge of the one
shot pulse output of timer AO/A1/A2. Simultaneously, the one-shot pulse of the dead-time timer is
output.

O Each of the positive and negative waveform outputs is not allowed to become “L” level from “H” level
until the reversed signal of the one-shot pulse output of the dead-time timer rises.

O In the case of the triangular wave modulation output, before an underflow occurs in the timer A3
counter again, be sure to write the next data to the output polarity set buffer of each phase.

Repeat procedures from O through O for the three-phase waveform output control.

Figure 10.3.6 shows the triangular wave modulation output model (for one period), and Figure 10.3.7
shows the saw-tooth-wave modulation output model (for one period).
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10.3 Three-phase mode 0

| ‘
|
| 1

Carrier wave /\'\/\
: |
| |

Timer A3 interrupt request * |

Timer A3 underflow signal 52 |_| |_| |_| |_|
L oo1 01 L 01 C o1
Contents of timer AO/A1/A2
register n1 nz n3 N4
One-shot pulse output of “ | ‘ “47
timer AO/AFZ)I./AZ P 02 1/ffi . 1/fi0 n2 1/fi0 n3 1/fi0 na
U1 01 01 o1

Contents of U/V/W output
polarity set buffer

|
|

. Transferred
| Reversed

Reversed signal of pulse I_I I_I I_I
output of dead-time timer 02 ‘ !
Positive waveform output

Negative waveform output

. Trans- !
Contents of output polarity ferfrgf, |

set toggle flip-flop

0]

=

7]

0]

o
i
=
0
>
7]
a,
)
=
3
0]
o

Py

)

<

0]

=

02

T

01 : Written by software
02 : This is an internal signal, which cannot be read from the external.

fi: Count source of timer AO/A1/A2

Fig. 10.3.4 Triangular wave modulation output example (three-phase mode 0)
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10.3 Three-phase mode 0

Timer A3 interrupt request

Timer A3 underflow signal 02

Contents of U/V/W output
polarity set buffer

Contents of output polarity

Reversed signal of pulse
output of dead-time timer

Negative waveform output

Carrier wave /I//I/I/I/

_ L 01 01
Cor_1tents of timer AO/A1/A2 m na s X e
register . — ‘ ‘ ‘
One-shot pulse output of > <« [«—
timer AO/AL/A2 02 é/ﬁm : 1/fi 0 n2 i O n3 1/fi 0 na

L : . ! .
} Reversed Reversed Reversed
Trans- ] Transferred Trans- Transferred
. ferred | | ferred
set toggle flip-flop 02 L ‘
Positive waveform output

----O
H

i 01 L 01

‘
‘
|
|
&
i

I/ I I T T

01 : Written by software
02 : This is an internal signal, which cannot be read from the external.

fi: Count source of timer AO/AL1/A2

Fig. 10.3.5 Saw-tooth wave mo

dulation output example (three-phase mode 0)
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10.3 Three-phase mode 0

Sine wave <

=
—

7T ]
]

w

H
U
L]
L

|
Timer A3

] |
Timer A2

|
Timer A1l

. : :
Timer AO

O This is an internal signal, which cannot be read from the external.

Note: The dead time is executed.

Fig. 10.3.6 Triangular wave modulation output model (for one period)
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10.3 Three-phase mode 0

Sine wave < %

W

Carrier wave

O AN
Timer A3 .

0 R
Timer A2 D

0 P
Timer A1 |
. D : ‘
Timer AO

O This is an internal signal, which cannot be read from the external.

Note: The dead time is executed.

Fig. 10.3.7 Saw-tooth-wave modulation output model (for one period)
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10.4 Three-phase mode 1

10.4 Three-phase mode 1

10.4.1 Setting for three-phase mode 1

In the triangular wave modulation, three-phase mode 1 is more efficiently controllable than three-phase
mode 0. Therefore, three-phase mode 1 can mitigates the software’s load.

Figure 10.4.1 and Figure 10.4.2 show an initial setting example of registers relevant to three-phase mode
1, and Figure 10.4.3 shows a data-updating example in three-phase mode 1.

Note that the initial output level at the three-phase waveform output pin is undefined. Be sure to start the
three-phase waveform output (in other words, the waveform output is enabled.) after the output level at the
three-phase waveform output pin is stabilized.
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10.4 Three-phase mode 1

Timers A0 through A3 are inactive.

Setting of timers AO through A2 to one-shot pulse mode

b7 bo
[ Tof1,1]o]1,0]

|i|—|—|—|—|—|—|£| Count start register 0

0[/0]0j0 (address 4016)

‘ Stops counting in timer AO.
Stops counting in timer A1.

Stops counting in timer A2.
Stops counting in timer A3.

Timer AO/A1/A2 mode register
(addresses 5616 to 5816)

Count source select bits
(See Table 7.2.3.)

Setting of timer A3 to timer mode
b7 b0

?EEEEM ress sy

Count source select bits
(See Table 7.2.3.)

Setting of waveform output mode register

= 2 waveform output mode register

0|1|0[1 1,0, 0 (address A616)

Three-phase mode 1

Three-phase output polarity
set buffer (Note)

0: “H” output

1:“L" output

Dead-time timer trigger Setting of timer AO/A1/A2/A3 interrupt request to “disabled”

select bit b7 b0 _
Falling edge of one-shot 0lo 0 o Timer AO/AI/AZ/AS interrupt
pulse s control register

. (addresses 7516 to 7816)
Waveform output is disabled.

Interrupt disabled

O : It may be either “0” or “1.”

No Interrupt request

Setting of dead-time timer
b7

Dead-time timer
- (address A716)

. . . . .
e Setting of timer A3 carrier wave'’s period
Avalue in the range from “0016" to “FF16"
. (b15) (b8)
is set. b b0 b7

Timer A3 register
(addresses 4D16, 4C16)

. . Avalue in the range from “000016” to
Setting of three-phase output data register 0, 1 “EEFF16" is set.
b7 bo

|—'—,_|—|—|—|—|—| Three-phase output data register 0
olojojojojo (address A816)

Setting of output width of each phase of timers AO

through A2

?eliased from W-phase output ©15) ©8 Timer AO register
Ixation. b7 b0 b7 50 (addresses 4716, 4616)
Released from V-phase output Timer Al register
fixation. (addresses 4916, 4816)
Released from U-phase output Timer A2 register
fixation. (addresses 4B16, 4A16)
Clock-source-of-dead-time-timer Timer AO1 register
select bits (addresses D116, D016)

b7 b6 Timer Al1 register

00:f2 (addresses D316, D216)

0 1:f2/2 Timer A21 register

1 0:f2/4

(addresses D516, D416)

A value in the range from “000016" to
“FFFF16” is set.

m .mmm (T:;fjer»epsr;aizfs)tpm data register 1

Interrupt request interval set bit
0 : Every second time
1: Every forth time

Internal output for stabilization of output level
b7 bo

Count start register 0
1(1]1]1 (address 4016)

Interrupt validity output select bit

0 : At each even-numbered
underflow of timer A3 Starts counting in timer AO.
1: At each odd-numbered Starts counting in timer AL.
underflow of timer A3

Starts counting in timer A2.
Starts counting in timer A3.

O : It may be either “0” or “1.”

Continues to the next page.

Note: The contents of the three-phase output polarity set buffer
are reversed once before the output level is stabilized.
Therefore, at this time, be sure to set the reversed level of
the level which the user desires to output.

Fig. 10.4.1 Initial setting example for registers relevant to three-phase mode 1 (1)
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10.4 Three-phase mode 1

Continued from the preceding page.

(Note that the first one-shot pulse width of timer Ai must be
the maximum among those of timers AO through A2.)

Waiting for the dead time, which
was previously set, to elapse

O The output level is stabilized.

\

Check whether the timer Ai interrupt request bit is “1” or not

Setting of timer A3 interrupt priority level

I I I I |0| ) 'b0|TimerA3interruptcomro|

L1 register (address 7816)
uJ—TimerA3 interrupt priority level

Set to one of levels 1 through 7.

No interrupt request

- /

Three-phase waveform output is enabled.
b7 bo

Ll [ ][]

Waveform output mode register
(address A616)

Three-phase waveform output
is enabled.

Three-phase waveform output starts.

Fig. 10.4.2 Initial setting example for registers relevant to three-phase mode 1 (2)
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10.4 Three-phase mode 1

Timer A3 interrupt

J

/Setting of output width of each phase of timers AO \

through A2
(b15) (b8) Timer AO register

b7 b0 b7 b0
T

(addresses 4716, 4616)
Timer Al register
(addresses 4916, 4816)
Timer A2 register
(addresses 4B16, 4A16)
Timer AO1 register
(addresses D116, D016)
Timer Al1 register
(addresses D316, D216)
Timer A21 register
(addresses D516, D416)

—— Avalue in the range from “000016” to

\\ “FFFF16” is set. /

Timer AO/A1/A2 data calculation for the next time

Interrupt processing is completed.

Fig. 10.4.3 Data-updating example in three-phase mode 1
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10.4 Three-phase mode 1

10.4.2 Operation in three-phase mode 1
Figure 10.4.4 shows a triangular wave modulation output example (three-phase mode 1).

O When an underflow occurs in the timer A3 counter, a timer A3 interrupt request is generated,;
simultaneously, the one-shot pulse outputs of timers AO through A2 are started. Also, the contents
of the three-phase output polarity set buffer are transferred to the output polarity set toggle flip-flop,
and then, the contents of the three-phase output polarity set buffer are reversed.

0 The contents of the output polarity set toggle flip-flop are reversed at each falling edge of the one-
shot pulse output of timer AO/A1/A2. Simultaneously, the one-shot pulse of the dead-time timer is
output.

O Each of the positive and negative waveform outputs is not allowed to become “L” level from “H” level
until the reversed signal of the one-shot pulse output of the dead-time timer rises.

Repeat procedures from O through O for the three-phase waveform output control.

In the case of three-phase mode 1, the value of timer Ai (i = 0 through 2) and the value of timer Ai. are
counted alternately Immedlatelv after the count start in timer A| however the value of the t|mer A| recuster

At this time, the timer Ai's one-shot pulse becomes the same length twice in succession, also. F|gure
10.4.5 shows an output example at start of three-phase mode 1.

For the triangular wave modulation output model (for one period), see Figure 10.3.6.
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THREE-PHASE WAVEFORM MODE
10.4 Three-phase mode 1

| | |
Carrier wave /\/\/\/\

Timer A3 interrupt request :

— 1
—1
— 1

Timer A3 underflow signal o2 |_| |_|

Rl oL L oL ! 01
Contents of timer AO/A1/A2 n1 >< n3 ns n7 X ng
register L o1 I L 01 i L 01
Contents of timer AO1/A11/A21 nz X na X ne X ne X nio
register R ‘ : : : :
One-shot pulse output of ) 1 }y; 1 160 i 1 i 1/ Ui O i 1 i
. i i I i n3 | | i ne I
timer AO/A1/A2 — O0m T 0On ! " Ona Ons' X On7

Contents of three-phase
output polarity set buffer !
Contents of output polarity frans-, . - ¥ - Rever- Rever| | |TanS[poyer
set toggle flip-flop 02 ¢ sed sed sed | ferred | sed
Reversed signal of pulse L _I I_l _I I_I I_I U

! : 02
output of dead-time timer
Positive waveform output

Negative waveform output ‘ '

01 : Written by software
2 : This is an internal signal, which cannot be read from the external.

fi: Count source of timer AO/A1/A2

This applies under the following conditions:
« Timer A3 interrupt request: every second time
« Timer A3 interrupt validity output: even-numbered underflow in time A3

Fig. 10.4.4 Triangular wave modulation output example (three-phase mode 1)
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10.4 Three-phase mode 1

Carrier wave

Timer AO/A1/A2/A3 count start bit

Timer A3 interrupt request

Timer A3 underflow signal 02

Contents of timer AO/A1/A2
register

Contents of timer AO1/A11/A21
register

One-shot pulse output of
timer AO/AL/A2

Contents of three-phase
output polarity set buffer

Contents of output polarity
set toggle flip-flop

Reversed signal of pulse

) . 02
output of dead-time timer

Positive waveform output

Negative waveform output

1/fi O n1i 160 n1{ 1fi | 140 nsi L/ i

T Onz|

7 Ona | ‘Dns

|
Reversed | Rever-

Undefined

o ! ‘

! Il |

Undefined | | ! }
! I 1l

Undefined |

01 : Written by software
02 : This is an internal signal, which cannot be read from the external.

fi: Count source of timer AO/A1/A2
This applies under the following conditions:

« Timer A3 interrupt request: every second time
« Timer A3 interrupt validity output: even-numbered underflow in time A3

Fig. 10.4.5 Output example at start of three-phase mode 1
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10.5 Three-phase waveform output fixation

10.5 Three-phase waveform output fixation

In the three-phase waveform output, by setting of the U/V/W-phase output fix bit (bits 2 through 0 at address
A816) to “1,” the output level of each phase can be fixed. The output level to be fixed (positive phase) is set
by the U/V/W-phase fixed output’s polarity set bit (bits 2 through 0 at address A9is); in the case of the
negative phase, the output level is fixed to the reversed level.

The U/V/W-phase output fix bit serves synchronously with a timer A3 interrupt request.

While the fixed level is output, be sure not to change the value of the U/V/W-phase fixed output’s polarity
set bit (bits 2 through 0 at address A9is).

Figure 10.5.1 shows a triangular wave modulation output example using the U/V/W-phase output fix bit
(three-phase mode 1).

O By software, set the following bits:
» the U/V/W-phase output fix bit (bits 2 through 0 at address A8is)
» the U/V/W-phase fixed output’'s polarity set bit (bits 2 through O at address A91s)

0 The contents of the above bits become valid synchronously with the next timer A3 interrupt request, and
then, the output level of the positive waveform is fixed to the level which was set by the U/V/W-phase
fixed output’s polarity set bit. In the case of the negative phase, the output level is fixed to the reversed
level.

0 Each of the positive and negative waveform outputs is not allowed to become “L” level from “H” level
until the reversed signal of the one-shot pulse output of the dead-time timer rises.

O The output fixation is also terminated synchronous with a timer A3 interrupt request.
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THREE-PHASE WAVEFORM MODE

10.5 Three-phase waveform output fixation

U/V/W-phase fixed output’s
polarity set bit |
One-shot pulse output of 7 F—L{—m o m m

fimer AQ/ALIAZ 02 o { 1 | WhiOns i i i ; i 1 . %

Contents of three-phase
output polarity set buffer

0 oo ‘ o,
Timer A3 interrupt request * *‘ ¢
Timer A3 underflow signal 02 |_| |_| H |_| |_| |_| |_| |
T o1 L o1 o1
Contents of timer AO/AL/A2 n1 X ns ns X n7 X no
register C o1 o1 L o1 o1
Contents of timer AO1/A11/A21 nz X n4 X ne X ne X nio
register I ; — : : : 1
b L [ R }
U/V/W-phase output fix bit ! |
01 | o 1 : | |

Transferred: | Transferred !
. 1 [ I\ !
Contents of output polarity Trans- Rever-1 1| Trans- [Rever- |Rever- - |Rever- JTrans-[pqyer.
set toggle flip-flop 02 | sed uf(Ored Ised lsed . = 1 sed
|

Reversed signal of pulse

output of dead-time timer o2 I-I |-|_|-| |_| |_| |_| U_I_I |—|7

Positive waveform output
Negative waveform output

01 : Written by software
02 : This is an internal signal, which cannot be read from the external.

fi: Count source of timer AO/A1/A2

This applies under the following conditions:
« Timer A3 interrupt request: every second time
« Timer A3 interrupt validity output: every even-numbered underflow in time A3

Fig. 10.5.1 Triangular wave modulation output example using U/V/W-phase output fix bit (three-phase mode 1)
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10.6 Position-data-retain function

10.6 Position-data-retain function

This function is used to retain the position data synchronously with the three-phase waveform output; and
there are three position-data input pins for the U, V, and W phases.

A trigger to retain the position data (hereafter, this trigger is referred to as “retain trigger.”) can be selected
by the retain-trigger polarity select bit (bit 3 at address AAus); this bits selects the falling edge of each
positive phase or rising edge of one.

10.6.1 Operation of position-data-retain function
Figure 10.6.1 shows a usage example of the position-data-retain function (U phase) when a retain trigger
is the falling edge of the positive signal.

O At the falling edge of the U-phase waveform output, the state at pin IDU is transferred to the U-phase
position data retain bit (bit 2 at address AAus).
O Until the next falling edge of the U-phase waveform output, the above value is retained.

Carrier wave /\/:/\/:/\/\
U-phase waveform output
U-phase waveform output J ‘ |_

N

I i
I i
DTransferred D Transferred

Transferred Transferred

Pin IDU

U-phase position data retain bit
(bit 2 at address AA16)

Note: The retain trigger is the falling edge of the positive signal.

Fig. 10.6.1 Usage example of position-data-retain function (U phase)
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[Precautions for three-phase waveform mode]

[Precautions for three-phase waveform mode]

1. When using the three-phase waveform mode, be sure to fix the waveform output select bits (bits 2 to 0
at address A616) to “1002,” and then, set the relevant registers.
When not using the pulse output port mode and three-phase waveform mode, be sure to fix the waveform
output select bits (bits 2 through 0 at address A61s) to “0002.”

2. When not inactivating the three-phase waveform output by using a falling edge input to pin P60UTcur,
be sure to connect pin P60UTcur to Vcc via a resistor.

3. While the fixed level is output, be sure not to change the value of the U/V/W-phase fixed output’s polarity
set bit (bits 2 through O at address A91s).
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SERIAL 1/O

11.1 Overview

11.1 Overview

Serial I/O consists of 2 channels: UARTO and UARTL1. They each have a transfer clock generating timer for
the exclusive use of them and can operate independently.

UARTI (i = 0 and 1) has the following 2 operating modes:

(1) Clock synchronous serial 1/0 mode
Transmitter and receiver use the same clock as the transfer clock. Transfer data has a length of 8
bits.

(2) Clock asynchronous serial I/0 (UART) mode
Transfer rate and transfer data format can arbitrarily be set. The user can select one transfer data

length from the following: 7 bits, 8 bits, and 9 bits.

Figure 11.1.1 shows the transfer data formats in each operating mode.

e Clock synchronous serial 1/0 mode—: Transfer data length of 8 bits (LSB first)
Transfer data length of 8 bits (MSB first)

e UART mode Transfer data length of 7 bits
—— Transfer data length of 8 bits
L—— Transfer data length of 9 bits

Fig. 11.1.1 Transfer data formats in each operating mode
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11.2 Block description

11.2 Block description

Figure 11.2.1 shows the block diagram of serial I/O. Registers relevant to serial I/O are described below.

Data bus (odd)

Data bus (even)

De

[oTolo[olo[o[e]or

D7|

Ds| D4

D3

D2

D1

Do

UARTI receive

buffer register
RxDi O I UARTI receive register |

BRG count source

Q .
lect bit Receive Transfer clock
; select bits Clock o | control circuit
, —0 |
synchronous ’—c
fie —0 o H
i
fos AR : i Transfer clock
fs12 o —o Transmit gontrol
Clock circuit

synchronous
Clock synchronous

[ e g [ uARTi transmit register  |———( TxDi

Clock synchronous Clock synchronous

UARTI transmit
(internal clock selected) (external clock selected)

buffer register

. P
cTsicLki O—o

. Data bus (odd)
CTSi | |
CTSIRTSI O

Data bus (even)

D7|De|Ds | Da| D3| D2| D1| Do

n: Values set in UARTI baud rate register (BRGi)

Fig. 11.2.1 Block diagram of serial 1/0
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11.2 Block description

11.2.1 UARTI transmit/receive mode register
Figure 11.2.2 shows the structure of UARTI transmit/receive mode register.

. . . b7 b6 b5 b4 b3 b2 bl b0
UARTO transmit/receive mode register (Address 3016) T
UART1 transmit/receive mode register (Address 381s) 1
Bit Bit name Function At reset| R/W
; ; b2 b1b0
0 Serial I/O mode select bits 000 : Serial 1/O is invalid. 0 RW
(P1 functions as a programmable 1/O port.)
00 1: Clock synchronous serial /O mode
1 8 i 2 : } Do not select. 0 RW
100 : UART mode (Transfer data length = 7 bits)
5 10 1: UART mode (Transfer data length = 8 bits) 0 RW
11 0: UART mode (Transfer data length = 9 bits)
11 1: Do not select.
3 Internal/External clock select bit | 0 : Internal clock 0 RW
1 : External clock
4 Stop bit length select bit 0 : One stop bit 0 RW
(valid in UART mode)  (Note) | 1: Two stop bits
5 Odd/Even parity select bit 0 : Odd parity 0 RW
(Valid in UART mode when parity | 1 : Even parity
enable bit = “1.”) (Note)
6 Parity enable bit 0 : Parity disabled 0 RW
(Valid in UART mode)  (Note) | 1: Parity enabled
7 Sleep select bit 0 : Sleep mode terminated (Invalid) 0 RW
(valid in UART mode)  (Note) | 1 : Sleep mode selected
Note: Bits 4 to 6 are invalid in the clock synchronous serial I/O mode. (They may be either “0” or “1.”) Additionally, fix bit 7 to “0.”

Fig. 11.2.2 Structure of UARTI transmit/receive mode register
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11.2 Block description

(1) Serial I/0 mode select bits (bits 0 to 2)
These bits select a UARTI’s operating mode.

(2) Internal/External clock select bit (bit 3)

m Clock synchronous serial 1/0 mode

By clearing this bit to “0” in order to select an internal clock, the clock which is selected with the
BRG count source select bits (bits 0 and 1 at addresses 3416, 3C16) becomes the count source of
the BRGi. (Refer to section “11.2.6 UARTI baud rate register (BRGi).”) The BRGi’'s output
divided by 2 becomes the transfer clock. Additionally, the transfer clock is output from the CLK;
pin.

By setting this bit to “1” in order to select an external clock, the clock input to the CLKi pin
becomes the transfer clock.

m UART mode
By clearing this bit to “0” in order to select an internal clock, the clock which is selected with the
BRG count source select bits (bits 0 and 1 at addresses 3416, 3C1s) becomes the count source of
the BRGi. (Refer to section “11.2.6 UARTI baud rate register (BRGi).”) Then, the CLKi pin
functions as a programmable 1/O port pin.
By setting this bit to “1” in order to select an external clock, the clock input to the CLKi pin
becomes the count source of BRGi.
Always in the UART mode, the BRGi's output divided by 16 becomes the transfer clock.

(3) Stop bit length select bit, Odd/Even parity select bit, Parity enable bit (bits 4 to 6)
Refer to section “11.4.2 Transfer data format.”

(4) Sleep select bit (bit 7)
Refer to section “11.4.8 Sleep mode.”
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11.2 Block description

11.2.2 UARTI transmit/receive control register 0
Figure 11.2.3 shows the structure of UARTI transmit/receive control register 0.

. . . b7 b6 b5 b4 b3 b2 bl b0
UARTO transmit/receive control register (Address 341s) T
UART1 transmit/receive control register (Address 3Cis) 1
Bit Bit name Function Atreset| R/W
. bl bo
0 BRG count source select bits 00 : Clock f 0 RW
0 1: Clock fis
1 10: Clock fea 0 RW
11 : Clock fs12
2 CTS/RTS function select bit 0 : The CTS function is selected. 0 RW
(Note 1) 1: The RTS function is selected.
3 Transmit register empty flag 0 : Data is present in the transmit register. 1 RO
(Transmission is in progress.)
1: No data is present in the transmit register.
(Transmission is completed.)
4 |CTS/RTS enable bit 0 : The CTS/RTS function is enabled. 0 RwW
1: The CTS/RTS function is disabled.
5 |UARTI receive interrupt mode | O : Reception interrupt 0 RW
select bit 1 : Reception error interrupt
6 CLK polarity select bit 0 : At the falling edge of the transfer clock, transmit 0 RW
(This bit is used in the clock data is output; at the rising edge of the transfer
synchronous serial /0 mode.) clock, receive data is input.
(Note 2) When not in transferring, pin CLKi's level is “H.”
1: At the falling edge of the transfer clock, transmit
data is output; at the falling edge of the transfer
clock, receive data is input.
When not in transferring, pin CLKi’s level is “L.”
7 Transfer format select bit 0: LSB (Least Significant Bit) first 0 RW
(This bit is used in the clock| 1 : MSB (Most Significant Bit) first
synchronous serial I/O mode.)
(Note 2)
Notes 1: Valid when the CTS/RTS enable bit (bit 4) is “0” and CTSI/RTSi separate select bit (bit 0 or 1 at address ACus) is “0.”
2: Fix these bits to “0” in the UART mode or when serial I/O is disabled.

Fig. 11.2.3 Structure of UARTI transmit/receive control register 0
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11.2 Block description

(1) BRG count source select bits (bits 0 and 1)
Refer to section “11.2.1 (2) Internal/External clock select bit.”

(2) CTS/RTS function select bit (bit 2)
Refer to section “11.2.10 CTS/RTS function.”

(3) Transmit register empty flag (bit 3)
This flag is cleared to “0” when the UARTI transmit buffer register’'s contents have been transferred
to the UARTI transmit register. When transmission has been completed and the UARTI transmit
register becomes empty, this flag is set to “1.”

(4) CTS/RTS enable bit (bit 4)
Refer to section “11.2.10 CTS/RTS function.”

(5) UARTI receive interrupt mode select bit (bit 5)
Refer to section “11.2.7 (2) Interrupt request bit.”

(6) CLK polarity select bit (bit 6)
Refer to section “11.3.1 (3) Polarity of transfer clock.”

(7) Transfer format select bit (bit 7)
Refer to section “11.3.2 Transfer data format.”
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11.2 Block description

11.2.3 UARTI transmit/receive control register 1
Figure 11.2.4 shows the structure of UARTI transmit/receive control register 1.

. . . b7 b6 b5 b4 b3 b2 bl b0
UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3Dzs)
Bit Bit name Function At reset| R/W
0 Transmit enable bit 0 : Transmission disabled 0 RW
1: Transmission enabled
1 Transmit buffer empty flag 0 : Data is present in the transmit buffer register 1 RO
1: No data is present in the transmit buffer register
2 Receive enable bit 0 : Reception disabled 0 RW
1 : Reception enabled
3 Receive complete flag 0 : No data is present in the receive buffer register 0 RO
1: Data is present in the receive buffer register
4 Overrun error flag 0 : No overrun error 0 RO
1: Overrun error detected
5 Framir_lg error flag (Note) | 0: No framing error 0 RO
(Valid in UART mode) 1 : Framing error detected
6 Parity error flag (Note) | 0 : No parity error 0 RO
(Valid in UART mode) 1 : Parity error detected
7 Error sum flag (Note) | 0 : No error 0 RO
(Valid in UART mode) 1: Error detected
Note: Bits 5 to 7 are invalid in the clock synchronous serial I/O mode.

Fig. 11.2.4 Structure of UARTI transmit/receive control register 1
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SERIAL 1/O

11.2 Block descriEtion

(1)

(2)

3

4)

®)

(6)

Transmit enable bit (bit 0)

By setting this bit to “1,” UARTI enters the transmission-enabled state. By clearing this bit to “0”
during transmission, UARTI enters the transmission-disabled state after the transmission which was
in progress at that time is completed.

Transmit buffer empty flag (bit 1)

This flag is set to “1” when data set in the UARTI transmit buffer register has been transferred from
the UARTI transmit buffer register to the UARTI transmit register. This flag is cleared to “0” when data
has been set in the UARTI transmit buffer register.

Receive enable bit (bit 2)
By setting this bit to “1,” UARTI enters the reception-enabled state. By clearing this bit to “0” during
reception, UARTI quits the reception immediately and enters the reception-disabled state.

Receive complete flag (bit 3)

This flag is set to “1” when data has been ready in the UARTI receive register and that has been
transferred to the UARTI receive buffer register (i.e., when reception is completed). This flag is
cleared to “0” in one of the following cases:

« When the low-order byte of the UARTI receive buffer register has been read out

* When the receive enable bit (bit 2) has been cleared to “0”

Overrun error flag (bit 4)
Refer to section “11.3.7 Processing on detecting overrun error” and “11.4.7 Processing on
detecting error.”

Framing error flag, Parity error flag, Error sum flag (bits 5 to 7)
Refer to section “11.4.7 Processing on detecting error.”
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11.2 Block description

11.2.4 UARTI transmit register and UARTI transmit buffer register

Figure 11.2.5 shows the block diagram for the transmitter; Figure 11.2.6 shows the structure of UARTI

transmit buffer register.

Data bus (odd)

Data bus (even)

|D7|D6|D5|D4|D3|D2|D1|D0

SP : Stop bit

PAR : Parity bit

8-bit UART
9-bit UART

Clock sync.

7-bit UART
9-bit UART
Clock sync.

Parity
enabled u ART

SP

UARTI transmit

buffer register

2
oo 0 > TXDi
1SP Parity . B
disabled | Clock sync. 8-bit UART T-bit UART UARTI transmit register
0
Fig. 11.2.5 Block diagram for transmitter
(b15) (b8)
) . b7 b0 b7 b0
UARTO transmit buffer register (Addresses 331s, 3216) T
UARTL1 transmit buffer register (Addresses 3Bis, 3A1s) 1
Bit Function At reset| R/W
810 0 | Transmit data is set. Undefined] WO
15 to 9 | Nothing is assigned. Undefined] —

Note: Use the MOVM (MOVMB) or STA (STAB, STAD) instruction for writing to this register.

Fig. 11.2.6 Structure of UARTI transmit buffer register

11-10 7906 Group User's Manual Rev.2.0

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6193519/m37906.html

SERIAL 1/0
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Transmit data is set into the UARTI transmit buffer register. Set the transmit data into the low-order byte
of this register when the microcomputer operates in the clock synchronous serial I/0O mode or when a 7-
bit or 8-bit length of transfer data is selected in the UART mode. When a 9-bit length of transfer data is
selected in the UART mode, set the transmit data into the UARTI transmit buffer register as follows:
*Bit 8 of the transmit data into bit O of high-order byte of this register.

*Bits 7 to 0 of the transmit data into the low-order byte of this register.

The transmit data which has been set in the UARTI transmit buffer register is transferred to the UARTI
transmit register when the transmission conditions are satisfied, and then it is output from the TxDi pin
synchronously with the transfer clock. The UARTI transmit buffer register becomes empty when the data
set in the UARTI transmit buffer register has been transferred to the UARTI transmit register. Accordingly,
the user can set the next transmit data.

When the “MSB first” is selected in the clock synchronous serial I/0 mode, bit position of set data is
reversed, and then the data of which bit position was reversed will be written, as a transmit data, into the
UARTI transmit buffer register. (Refer to section “11.3.2 Transfer data format.”) Transmit operation itself
is the same whichever format is selected, “LSB first” or “MSB first.”

When quitting the transmission which is in progress and setting the UARTI transmit buffer register again,
follow the procedure described bellow:

O Clear the serial /0 mode select bits (bits 2 to 0 at addresses 3016, 3816) to “0002" (serial I/O disabled).

O Set the serial /0 mode select bits again.

O Set the transmit enable bit (bit O at addresses 3516, 3D16s) to “1” (transmission enabled) and set transmit
data in the UARTI transmit buffer register.
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11.2 Block description

11.2.5 UARTI receive register and UARTI receive buffer register
Figure 11.2.7 shows the block diagram of the receiver; Figure 11.2.8 shows the structure of UARTI receive

buffer register.

Data bus (odd)

ﬁ

Data bus (even)

UARTI receive

lofolofofofo o[

| D7| Ds | Ds | D4 | Ds | D2 | Dll Do | buffer register

SP : Stop bit
PAR : Parity bit
Parity

RxDi O—

2SP UAR

Q Q
: o
FSP E.Zg'by\ed Clock sync.

8-bit UART
9-bit UART
Clock sync.

9-bit UART

7-bit UART

7-bit UART
8-bit UART
Clock sync.

UARTI receive register

Fig. 11.2.7 Block diagram of receiver

(b15) (b8)
b7 b0 b7 b0

UARTO receive buffer register (Addresses 3716, 3616)

UART1 receive buffer register (Addresses 3Fis, 3Es)

Bit Function At reset| R/W
810 0 | Receive data is read out from here. Undefined RO
15to 9 | The value is “0” at reading. 0 —

Fig. 11.2.8 Structure of UARTI receive buffer register
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11.2 Block description

The UARTI receive register is used to convert serial data, which is input to the RxDi pin, into parallel data.
This register takes in the signal input to the RxDi pin, bit by bit, synchronously with the transfer clock.
The UARTI receive buffer register is used to read out receive data. When reception has been completed,
the receive data taken in the UARTI receive register is automatically transferred to the UARTI receive
buffer register. Note that the contents of the UARTI receive buffer register is updated when the next data
has been ready in the UARTI receive register before the data transferred to the UARTI receive buffer
register is read out. (i.e., an overrun error occurs.)

When “MSB first” is selected in the clock synchronous serial I/O mode, bit position of data in the UARTI
receive buffer register is reversed, and then the data of which bit position was reversed will be read out
as receive data. (Refer to section “11.3.2 Transfer data format.”) Receive operation itself is the same
whichever format is selected, “LSB first” or “MSB first.”

The UARTI receive buffer register is initialized by setting the receive enable bit (bit 2 at addresses 3515,
3D1e) to “1” after clearing it to “0.”

Figure 11.2.9 shows the contents of the UARTI receive buffer register at reception completed.

High-order byte Low-order byte
(addresses 3716, 3F16) , (addresses 3616, 3E1s)
b7 b0 1 b7 b0

UART mode

(Transfer data length : 9 bits) | 0 | 0 | 0 | 0 | 0 | 0 | 0 | |

Receive data (9 bits)

Clock synchronous
serial /0 mode,

UART mode |0|0|0|0|°|0|0| |
(Transfer data length : 8 bits) Same value as bit ' ] )

7 in low-order byte Receive data (8 bits)
UART mode '

(Transfer data length : 7 bits) | 0 | 0 | 0 | 0 | 0 | 0 | 0 | | |

Same value as bit ] ]
6 in low-order byte Receive data (7 bits)

Fig. 11.2.9 Contents of UARTI receive buffer register at reception completed
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11.2.6 UARTI baud rate register (BRGi)

The UARTI baud rate register (BRGi) is an 8-bit timer exclusively used for UARTi to generate a transfer
clock. It has a reload register. Assuming that the value set in the BRGi is “n” (n = “001¢" to “FF16"), the BRGi
divides the count source frequency by (n + 1).

In the clock synchronous serial 1/0 mode, the BRGi is valid when an internal clock is selected, and the
BRGi’s output divided by 2 becomes the transfer clock. In the UART mode, the BRGi is always valid, and
the BRGi’'s output divided by 16 becomes the transfer clock.

The data written to the BRGi is written to both the timer and the reload register whichever transmission/
reception is in progress or not. Accordingly, writing to these register must be performed while transmission/
reception halts.

Figure 11.2.10 shows the structure of the UARTI baud rate register (BRGi); Figure 11.2.11 shows the block
diagram of transfer clock generating section.

b7 b0
UARTO baud rate register (BRGO) (Address 311s)
UART1 baud rate register (BRG1) (Address 39:6)
Bit Function At reset| R/W
7100 Any value in the range from “0016” to “FF16” can be set. Undefined] WO
0 Assuming that the set value = n, BRGi divides the count source frequency by (n + 1).

Note: Writing to this register must be performed while the transmission/reception halts.
Use the MOVM (MOVMB) or STA (STAB, STAD) instruction for writing to this register.

Fig. 11.2.10 Structure of UARTi baud rate register (BRGi)

<Clock synchronous serial /O mode>

f BRGI - (O\OTransfer clock for transmit operation

fext | Receive control circuit | ————= Transfer clock for receive operation

<UART mode>

Transmit control circuit

1/16|—| Receive control circuit |—> Transfer clock for receive operation

Transfer clock for transmit operation

fi —o

fi : Clock selected by BRG count source select bits (f2, fis, fe4, or fs12)
fext : Clock input to CLKi pin (external clock)

Fig. 11.2.11 Block diagram of transfer clock generating section
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11.2.7 UARTI transmit interrupt control and UARTI receive interrupt control registers

When using UARTI, 2 types of interrupts (UARTI transmit and UARTI receive interrupts) can be used. Each
interrupt has its corresponding interrupt control register. Figure 11.2.12 shows the structure of UARTI
transmit interrupt control and UARTI receive interrupt control registers.

For details about these interrupts, refer to “CHAPTER 6. INTERRUPTS.”

For the UARTI receive interrupt, a receive or receive error interrupt can be selected by the UARTI receive
interrupt mode selected bit (bit 5 at addresses 3416, 3Cus).

UARTO transmit interrupt control register (Address 711s)
UARTO receive interrupt control register (Address 7216)
UART1 transmit interrupt control register (Address 7316) b7 b6 bS b4 b3 b2 bl b0
UARTL1 receive interrupt control register (Address 741s)

Bit Bit name Function Atreset| R/W
i0ri i b2 b1b0
0 Interrupt priority level select bits 000 : Level 0 (Interrupt disabled) 0 RW
001:Levell
010:Level2
L 011:Level3 0 | RW
100:Level 4
101:Level5
2 110:Level6 0 RW
111:Level?
3 Interrupt request bit 0 : No interrupt requested 0 RW
1 : Interrupt requested (Note)
7 to 4 | Nothing is assigned. Undefined —

Note: When writing to this bit, use the MOVM (MOVMB) or STA (STAB, STAD) instruction.

Fig. 11.2.12 Structure of UARTI transmit interrupt control and UARTI receive interrupt control registers
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(1) Interrupt priority level select bits (bits 0 to 2)
These bits select a priority level of the UARTI transmit interrupt or UARTI receive interrupt. When
using UARTI transmit/receive interrupts, select one of the priority levels (1 to 7). When a UARTI
transmit/receive interrupt request occurs, its priority level is compared with the processor interrupt
priority level (IPL). The requested interrupt is enabled only when its priority level is higher than the
IPL. (However, this applies when the interrupt disable flag (I) = “0.”) To disable UARTI transmit/
receive interrupts, be sure to set these bits to “0002" (level 0).

(2) Interrupt request bit (bit 3)
The UARTI transmit interrupt request bit is set to “1” when data has been transferred from the UARTI
transmit buffer register to the UARTI transmit register.
The UARTI receive interrupt request bit functions as below:

m When receive interrupt is selected (bit 5 = 0 at addresses 3415, 3Cis)
The UARTI receive interrupt request bit is set to “1” when data has been transferred from the
UARTI receive register to the UARTI receive buffer register.
(However, the UARTI receive interrupt request bit does not change when an overrun error has
occurred.)

m When receive error interrupt is selected (bit 5 = 1 at addresses 3415, 3Cis)
The UARTI receive interrupt request bit is set to “1” when an error (an overrun error in the clock
synchronous serial 1/O mode; an overrun error, framing error, or parity error in UART mode) has
occurred.

Each interrupt request bit is automatically cleared to “0” when its corresponding interrupt request has
been accepted. This bit can be set to “1” or cleared to “0” by software.
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11.2.8 Serial 1/0O pin control register
Figure 11.2.13 shows the structure of the seral I/O pin control register.

Serial 1/0O pin control register (Address ACis)

b7 b6 b5 b4 b3 b2 bl bO
T

1

1

Bit Bit name Function Atreset| R/W
0 CTSo/RTSo separate select bit | 0 : CTSo/RTSo are used together. 0 RW
1: CTSo/RTSo are separated.
(Note)
1 CTS1/RTS: separate select bit | 0 : CTS:/RTS: are used together. 0 RW
1: CTS1/RTS: are separated.
(Note)
2 TxDo/P1s switch bit 0 : Functions as TxDo. 0 RW
1: Functions as P1s.
3 TxD1/P17 switch bit 0 : Functions as TxD:. 0 RW
1: Functions as P17.
7104 | The value is “0” at reading. 0 —

Note: Valid when the CTS/RTS enable bit (bit 4 at addresses 3416 and 3Cis) is “0.”

Fig. 11.2.13 Structure of serial 1/0 pin control register

(1) CTSo/RTSo separate select bit (bit 0)
Refer to section “11.2.10 CTS/RTS function.”

(2) CTS1/RTS: separate select bit (bit 1)
Refer to section “11.2.10 CTS/RTS function.”

(3) TxDo/P1s switch bit (bit 2)
When this bit is set to “1,” the TxDo pin functions as a programmable 1/O port pin (P1s). When only
reception is performed, the TxDo pin can be used as the P1s pin. When performing transmission, be
sure to clear this bit to “0.”

(4) TxD1/P17 switch bit (bit 3)
When this bit is set to “1,” the TxD1 pin functions as a programmable 1/O port pin (P17). When only
reception is performed, the TxD: pin can be used as the P17 pin. When preforming transmission, be
sure to clear this bit to “0.”

7906 Group User’'s Manual Rev.2.0
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11.2.9 Port P8 direction register

I/0 pins for serial 1/0 are multiplexed with port P1 pins. When using pins P1:, P12, P1s, and P1ls as serial
I/0’s input pins (CTSi, RxDi), clear the corresponding bits of the port P1 direction register to “0” in order
to set these pins for the input mode. When using these pins as other serial 1/0’s pins (CTS/RTSi, CLK,,
TxDi), these pins are forcibly set as 1/0 pins for serial 1/0 regardless of the port P8 direction register’s
contents. Figure 11.2.14 shows the relationship between the port P1 direction register and serial I/O’s

I/0 pins. For details, refer to the description of each operating mode.

Port P1 direction register (Address 51s)

b7 b6 b5 b4 b3 b2 bl b0O

Bit Corresponding pin name Function Atreset | R/W
0 Pin CTSo/RTSo 0 : Input mode 0 RW
1 | Pin CTSo/CLKo 1: Output mode 0 RW
2 Pin RxDo ) . ) 0 RW
When using pins P11, P12, P1s, and Pls as serial
3 Pin TxDo I/0’s input pins (CTSo, RxDo, CTS1, RxDs), clear 0 RW
4 Pin CTS/RTS: the corresponding bits to “0.” 0 RW
5 Pin CTS:/CLK1 0 RW
6 Pin RxD1 0 RW
7 Pin TxD1 0 RW

Fig. 11.2.14 Relationship between port P1 direction register and serial 1/0’s /O pins
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11.2.10 CTS/RTS function

When the CTS function is selected, the signal input to the CTS/ pin must be at “L” level. (This is one of
the transmit conditions.)

When the RTS function is selected, the RTSi pin outputs the following signals:

(1) Clock synchronous serial 1/0 mode
When the receive enable bit (bit 2 at addresses 3516, 3D1s) = “0” (reception disabled), the RTSi pin
outputs “H” level.
When the receive enable bit = “0” (reception disabled), the RTSi pin outputs “L” level by setting the
receive enable bit to “1,” or by reading the low-order byte of the UARTI receive buffer register.
When the receive enable bit = “1” (continuously reception), the RTSi pin outputs “L” level by reading
the low-order byte of the UARTI receive buffer register.
When reception has started, the RTSi pin outputs “H” level.
When an internal clock is selected (bit 3 at addresses 3016, 3816 = “0”), do not select the RTS function
because the RTS output is undefined.

UART mode

When the receive enable bit (bit 2 at addresses 3516, 3D1s) = “0” (reception disabled), the RTSi pin
outputs “H” level.

When the receive enable bit = “0” (reception disabled), the RTSi pin outputs “L” level by setting the
receive enable bit to “1,” or by reading the low-order byte of the UARTI receive buffer register.
When the receive enable bit = “1” (continuously reception), the RTSi pin outputs “L” level by reading
the low-order byte of the UARTI receive buffer register.

When reception has started, the RTSi pin outputs “H” level.

(2)

Selection of the CTS/RTS function depends on the following bits.

*CTS/RTS function select bit (bit 2 at addresses 341s, 3C1s: See Figure 11.2.3.)
*CTS/RTS enable bit (bit 4 at addresses 341s, 3C1s: see Figure 11.2.3.)
+CTSo/RTSo separate select bit (bit 0 at address ACis: see Figure 11.2.13.)
+CTS1/RTS: separate select bit (bit 1 at address ACus: see Figure 11.2.13.)

Table 11.2.1 lists the selection of the CTS/RTS function.

Table 11.2.1 Selection of CTS/RTS function

CTS/RTS | CTS/RTSi | CTSIRTS Functions
enable bit | separate select bit {function select bit| P1o/CTS/RTSo pin | P11/CTSe/CLKo pin | P14/CTS/RTS: pin | P1s/CTS1/CLK: pin
0 CTSo P11 or CLKo CTS: P1s or CLK:
0 0 1 RTSo P11 or CLKo RTS: P1s or CLK:
1 0 RTSo CTSo (Notes 1, 2) RTS: CTS: (Notes 1, 2)
1 0 0 Plo P11 or CLKo P14 P1s or CLK1

0: It may be either “0” or “1.”
Notes 1: When using the P11 or P1s pin as the CTSi pin, be sure to clear the corresponding bit of the port
P1 direction register to “0.”
2: When CTS/RTS: separation is selected, the CLKi pin cannot be used. Accordingly, CTS/RTSi
cannot be separated in the clock synchronous serial I/0 mode. When separating CTS/RTS: in
UART mode, be sure to select an internal clock.
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11.3 Clock synchronous serial I/O mode

11.3 Clock synchronous serial 1/0O mode
Table 11.3.1 lists the performance overview in the clock synchronous serial I/O mode, and Table 11.3.2 lists
the functions of I/O pins in this mode.

Table 11.3.1 Performance overview in clock synchronous serial 1/O mode

Item Functions
Transfer data format Transfer data has a length of 8 bits.
LSB first or MSB first can be selected by software.
Transfer rate | When selecting internal clock | BRGi’s output divided by 2

When selecting external clock | Maximum 5 Mbps
Transmit/Receive control CTS function or RTS function can be selected by software.

Table 11.3.2 Functions of 1/0 pins in clock synchronous serial I/O mode

Pin name Functions Method of selection
TxDi (P1s, P17) Serial data output pin | TxDo/P1s or TxD1/P17 switch bit = “0”
(Dummy data is output when performing only reception.) (Note)
Programmable 1/O port pin [ TxDo/P1s or TxD1/P17 switch bit = “1”
RxDi (P12, Ple) Serial data input pin | Port P1 direction register’s corresponding bit = “0”
Programmable 1/0 port pin | — (Can be used as an I/O port pin when performing only transmission.)
CLKi (P11, P1s) Transfer clock output pin | Internal/External clock select bit = “0”
Transfer clock input pin | Internal/External clock select bit = “1”
CTS, RTS CTS input pin See Table 11.2.1.
(Plo, P11, P14, P1s) | RTS output pin
Programmable 1/O port

Port P1 direction register: address 0516
Internal/External clock select bit: bit 3 at addresses 3016, 3816

TxDo/P1s switch bit: bit 2 at address ACis
TxD1/P17 switch bit: bit 3 at address ACus
Note: The TxDi pin outputs “H” level until transmission starts after UARTI’'s operating mode is selected.

11.3.1 Transfer clock (Synchronizing clock)

Data transfer is performed synchronously with a transfer clock. For the transfer clock, the following selection
is possible:

e Whether to generate a transfer clock internally or to input it from the external.

e Polarity of transfer clock.

The transfer clock is generated by operation of the transmit control circuit. Accordingly, even when performing
only reception, set the transmit enable bit to “1,” and set dummy data in the UARTI transmit buffer register
in order to make the transmit control circuit active.

(1) Internal generation of transfer clock
The count source selected with the BRG count source select bits is divided by the BRGi, and the
BRGi output is further divided by 2. This divided output is the transfer clock. The transfer clock is
output from the CLKi pin.

Transfer clock’s frequency = fi
m fii Frequency of BRGi’'s count source (fz2, fis, fes, Or fs12)
n: Setting value of BRGi
11-20 7906 Group User’'s Manual Rev.2.0
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(2) Input of transfer clock from the external
A clock input from the CLKi pin becomes the transfer clock.

(3) Porarity of transfer clock
As shown in Figure 11.3.1, the polarity of the transfer clock can be selected by the CLK polarity
select bit (bit 6 at addresses 3416, 3Cuis).

m CLK polarity select bit=0

CLKi

TXDi X Do X D1 X D2|X Ds X Ds X Ds X Ds X Dr

RXD: X Do X D1 X Dz X Ds X Ds X Ds X Ds X Dr
OThe transmit data is output to the TxDi pin at the falling edge of a transfer clock, and the receive data is

input from the RxDi pin at the rising edge of the transfer clock.
The level at the CLKi pin is “H” when the transfer is not performed.

m CLK polarity select bit =1

o XmeX?XmXMXmeXm
RxDi ><D0><Dl><|52><D3><D4><D5><D6><D7

OThe transmit data is output to the TxDi pin at the rising edge of a transfer clock, and the receive data is
input from the RxDi pin at the falling edge of the transfer clock.
The level at the CLKi pin is “L” when the transfer is not performed.

Fig. 11.3.1 Polarity of transfer clock
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11.3.2 Transfer data format

LSB first or MSB first can be selected as the transfer data format. Table 11.3.3 lists the relationship
between the transfer data format and writing/reading to and from the UARTi transmit/receive buffer register.
The transfer format select bit (bit 7 at addresses 3416, 3Cis) selects the transfer data format. When this bit
is cleared to “0,” the set data is written to the UARTI transmit buffer register as the transmit data, as it is.
Similarly, the data in the UARTI receive buffer register is read out as the receive data, as it is. (See the
upper row in Table 11.3.3.) When this bit is set to “1,” each bit's position of set data is reversed, and the
resultant data will be written to the UARTI transmit buffer register as the transmit data. Similarly, each bit's
position of data in the UARTI receive buffer register is reversed, and the resultant data will be read out
as the receive data. (See the lower row in Table 11.3.3.)

Note that only the method of writing/reading to and from the UARTI transmit/receive buffer register is
affected by selection of the transfer data format, and that the transmit/receive operation is unaffected by
it.

Table 11.3.3 Relationship between transfer data format and writing/reading to and from UARTI transmit/
receive buffer register

Transfer fo_rmat Transfer data format Writing to UAR'I_'i transmit buffer Reading from UA_RTi receive
select bit register buffer register
Data bus UARTI transmit Data bus UARTI receive
buffer register buffer register
DB7 —p» Dr DB7 -&—— D7
LSB DBs —®» Ds DBe -&—— Des
0 (Least Significant Bit) DBs > Ds DBs - Ds
first DBs —p» Da DBs --—— Da
DBz —» D3 DB: -a4—— Ds
DB2 —p» D2 DB a&— D2
DBt —p» D1 DB1 --a—— D:
DBo —» Do DBo -w&—— Do
Data bus UARTI transmit Data bus UARTI receive
buffer register buffer register
DB~ D7 DB~ D7
DBs De DBs Dse
MSB DBs Ds DBs Ds
1 (Most Significant Bit) DB4 D4 DB4 Da
first DBs Ds DBs3 D3
DB: D2 DB:2 D2
DB:1 D1 DB: D1
DBo Do DBo Do
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11.3.3 Method of transmission

Figure 11.3.2 shows an initial setting example for relevant registers when transmitting. Transmission is
started when all of the following conditions (O to O0) has been satisfied. When an external clock is selected,
satisfy conditions O to O with the following preconditions satisfied.

<Preconditions>

The CLKi pin’s input is at “H” level (External clock selected, when the CLK polarity select bit = “0”)
The CLKi pin’s input is at “L” level (External clock selected, when the CLK polarity select bit = “1”)
Note: When an internal clock is selected, the above preconditions are ignored.

O Transmit data is present in the UARTI transmit buffer register (transmit buffer empty flag = “0”)
O Transmission is enabled (transmit enable bit = “1).
O The CTSi pin’s input is at “L” level (when the CTS function selected).

Note: When the CTS function is not selected, condition O is ignored.

By connecting the RTSi pin (receiver side) and CTSi pin (transmitter side), the timing of transmission and
that of reception can be matched. For details, refer to section “11.3.6 Receive operation.”

When using interrupts, it is necessary to set the relevant registers to enable interrupts. For details, refer
to “CHAPTER 6. INTERRUPTS.”

Figure 11.3.3 shows the write operation of data after transmission start, and Figure 11.3.4 shows the detect
operation of transmit completion.
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v

/ UARTO transmit/receive mode register (Address 3016)

UART1 transmit/receive mode register (Address 3816) e
b7 bo H
T T -
Lofofols [ Joio0.1] - :
Selection of clock synchronous serial UARTO transmit interrupt control register (Address 7116)
/0 mode UARTL transmit interrupt control register (Address 7316)
Internal/External clock select bit b7 b0
0: Internal clock T T
1: External clock | | | | | | ' |
[0: It may be either “0" or “1.” u—L Interrupt priority level select bits
\\ / When using interrupts, set these bits to
= one of levels 1to 7.
When disabling interrupts, set these bits
/ f ; 0 \ to level 0.
UARTO transmit/receive control register O (Address 3416)
UART1 transmit/receive control register 0 (Address 3C16) H
b7 b0 H
T =
LITTTITT [ e . .
UARTO transmit buffer register (Address 3216)
BRG count source select bits UART1 transmit buffer register (Address 3A16)
bl b0 b7 b0
00:f2
01:fie | |
10:fea
11:fs12
Transmit data is set.
CTS/RTS function select bit

-

0: CTs function selected
1: RTs function selected

CTS/RTS enable bit
0: CTS/RTS function is enabled.
1: CTS/RTS function is disabled.

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3Dz16)

CLK polarity select bit b7 b0
0: At the falling edge of the transfer
clock, transmit data is output. | | | | | | | | 1 |

1: At the rising edge of the transfer

clock, transmit data is output. Transmit enable bit

1: Transmission is enabled.

Transfer format select bit
0: LSB first
1. MSB first

- /

Serial 1/0 pin control register (Address AC16) i i
Transmission starts.

(In the case of selecting the CTS function, transmission
starts when the CTSo pin’s input level is “L.”)

CTSo/RTSo separate select bit

0: CTSo/RTSo are used together (Note).
CTS1/RTS1 separate select bit

0: CTS1/RTS1 are used together (Note).
TxDo/P13 switch bit

0: Functions as TxDo.

TxD1/P17 switch bit

\\ 0: Functions as TxD1.
E Note: In the clock synchronous serial I/O
- mode, CTSI/RTSi separation cannot
= -
. - be selected. (Refer to section “[Pre-
When extenal clock is selected . cautions for clock synchronous
CELEL L EEE LR R L EEEEE R EEEE L serial /0 mode].”)

= When internal clock is selected

UARTO baud rate register (BRGO) (Address 3116)
UART1 baud rate register (BRG1) (Address 3916)

b7 b0

; Can be set to “0016” to “FF16.”

Fig. 11.3.2 Initial setting example for relevant registers when transmitting
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[When not using interrupts] [When using interrupts]
A UARTI transmit interrupt request occurs
when the transbission starts (when the
UARTI transmit buffer register becomes

empty).
Checking state of UARTI transmit buffer register \
UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D16) UARTI transmit interrupt
b7 b0
LLTTTTT [
Transmit buffer empty flag
0: Data is present in transmit buffer register.
1: No data is present in transmit buffer register.
(Writing of next transmit data is possible.)
: * Note: This figure shows the bits and registers required
Writing of next transmit data for processing.
) ) See Figures 11.3.6 and 11.3.7 for the change of
UARTO transmit buffer register (Address 3216) flag state and the occurrence timing of an interrupt
UART1 transmit buffer register (Address 3A16) request.

b7 b0

|
-

Transmit data is set.

Fig. 11.3.3 Write operation of data after transmission start

o [When using interrupts]
[When not using interrupts] A UARTI transmit interrupt request

* occurs when the transmission starts.

Checking start of transmission

UARTO transmit interrupt control register (Address 7116)
UARTL1 transmit interrupt control register (Address 7316) UARTI transmit interrupt
b7 b 0

Interrupt request bit
0: No interrupt requested
1: Interrupt requested
(Transmission has started.)

J

Note: This figure shows the bits and registers required

Checking completion of transmission :
for processing.

UARTO transmit/receive control register 0 (Address 3416) See Figures 11.3.6 and 11.3.7 for the change
UART1 transmit/receive control register 0 (Address 3C16) of flag state and the occurrence timing of an
b7 b0 interrupt request.

Transmit register empty flag
0: Transmission is in progress.
1: Transmission is completed.

C Processing at completion of transmission )

Fig. 11.3.4 Detect operation of transmit completion
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11.3.4 Transmit operation

When the transmit conditions described in section “11.3.3 Method of transmission” have been satisfied
in the case of an internal clock selected, a transfer clock is generated and the following operations are
automatically performed after 1 cycle of the transfer clock or less has passed. In the case of an external
clock selected, when the transmit conditions have been satisfied and then an external clock is input to the
CLKi pin, the following operations are automatically performed:

*The UARTI transmit buffer register's contents are transferred to the UARTI transmit register.
*The transmit buffer empty flag is set to “1.”

*The transmit register empty flag is cleared to “0.”

<8 transfer clocks are generated (in the case of an internal clock selected).

*A UARTI transmit interrupt request occurs, and the interrupt request bit is set to “1.”

The transmit operations are described below:

O Data in the UARTI transmit register is transmitted from the TxDi pin synchronously with the valid edge"”
of the clock output from or input to the CLKi pin.

O This data is transmitted, bit by bit, sequentially beginning with the least significant bit.

O When 1-byte data has been transmitted, the transmit register empty flag is set to “1.” This indicates the
completion of transmission.

Valid edge® : A falling edge is selected when the CLK polarity select bit = “0.”
A rising edge is selected when the CLK polarity select bit = “1.”

Figure 11.3.5 shows the transmit operation.

When an internal clock is selected, if the transmit conditions for the next data are satisfied at completion
of the transmission, the transfer clock is generated continuously. Accordingly, when performing transmission
continuously, set the next transmit data to the UARTI transmit buffer register during transmission (when the
transmit register empty flag = “0”). When the transmit conditions for the next data are not satisfied, the
transfer clock stops at “H” level (when the CLK polarity select bit = “0”), or “L” level (when the CLK polarity
select bit = “17).

Figures 11.3.6 and 11.3.7 show examples of transmit timing.

b7 b0

UARTI transmit buffer register | Transmit data |

O

Transfer clock output from MSB LSB
orinput to the CLKi pin (Note)  UARTI transmit register| D7| D6| D5| D4| D3| D2| D1| D0|

[ | o7| ps| ps| D4 D3| D2| D1| = Do

W | | | D7| D6| D5| D4| D3| D2|—> D1
Raparal

LI o

D6| D5| D4| D3|—> D2

ERERARERERARER L1 |

Note: This applies when the CLK polarity select bit = “0.”
When the CLK polarity select bit = “1,” data is shifted at the rising edge of the transfer clock.

N R

Fig. 11.3.5 Transmit operation
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11.3 Clock synchronous serial 1/0 mode

Transfer clock

Tc

L
- Uit trrrii g

Transmit enable bit

il

Transmit buffer
empty flag

Data is set in UARTI transmit buffer register. I I

UARTI transmit register — UARTI transmit buffer register”

CTSi

CLKi

TeNDI

L

Stopped because transmit enable bit = “0.”

XI_I

Stopped because CTSi = “H.”

1

[ [

TxDi

Transmit register

EEERERE EOEERERE DREREEEE

—

o
]

empty flag

UARTI transmit

1 ]

] .

interrupt request bit

The above timing diagram applies when
the following conditions are satisfied:

e Internal clock selected

e CTS function selected

e CLK polarity select bit = 0

\

N /

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

Tenpi: Next transmit conditions are examined when this signal level is “H.”
(Tenpi is an internal signal. Accordingly, it cannot be read from the external.)

Tc = Tewk = 2(n+1) ffi
fi: BRGi count source frequency
n: Value set in BRGi

Fig. 11.3.6 Example of transmit timing (when internal clock and CTS function selected)

Tc

Transfer clock | | | | | | | | | | | | | | | | | | | | | |

Transmit enable bit J

Transmit buffer
empty flag

TcLK

CLKi

Tenpi

Data is set in UARTI transmit buffer register. | I

UARTI transmit register — UARTI transmit buffer register.

Stopped because transmit enable bit = “0.”

[

il

Transmit register
empty flag

LIS 00000 CE00 000000 CENC 00000

—

o
1

UARTI transmit
interrupt request bit

1 ]
] 1

The above timing diagram applies
when the following conditions are
satisfied:

e Internal clock selected

e CTS function not selected

e CLK polarity select bit =0

\

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

Tenbi: Next transmit conditions are examined when this signal level is “H.”
(Tenpi is an internal signal. Accordingly, it cannot be read from the external.)

Tc = Tewk = 2(n+1) ffi
fi: BRGi count source frequency
n: Value set in BRGi

Fig. 11.3.7 Example of transmit timing (when internal clock selected and CTS function not selected)
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11.3 Clock synchronous serial I/O mode

11.3.5 Method of reception

Figure 11.3.8 shows an initial setting example for relevant registers when receiving. Reception is started
when all of the following conditions (OO to O) have been satisfied. When an external clock is selected,
satisfy conditions O to O with the following preconditions satisfied.

<Preconditions>

The CLKi pin’s input is at “H” level (External clock selected, when the CLK polarity select bit = “0" ).
The CLKi pin’s input is at “L” level (External clock selected, when the CLK polarity select bit = “1").
Note: When an internal clock is selected, the above preconditions are ignored.

O Dummy data is present in the UARTI transmit buffer register (transmit buffer empty flag = “0”)
0 Reception is enabled (receive enable bit = “1").
O Transmission is enabled (transmit enable bit = “1").

By connecting the RTSi pin (receiver side) and CTSi pin (transmitter side), the timing of transmission and
that of reception can be matched. For details, refer to section “11.3.6 Receive operation.”

When using interrupts, it is necessary to set the relevant registers to enable interrupts. For details, refer
to “CHAPTER 6. INTERRUPTS.”

Figure 11.3.9 shows processing after reception is completed.
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11.3 Clock synchronous serial 1/0 mode

o

/ UARTO transmit/receive mode register (Address 3016)

~

UART1 transmit/receive mode register (Address 3816)

b7 b0
[ofofofo | Jojo 1]

Selection of clock synchronous serial
1/0 mode
Internal/External clock select bit

0: Internal clock

1: External clock

O: It may be either “0” or “1.”

%

-

/ UARTO transmit/receive control register 0 (Address 3416)

~

UART1 transmit/receive control register O (Address 3C16)

b7 . b0
LITTTTT ]
\—L BRG count source select bits

bl bo

00:f

01:fie

10:fea

11:fs12

CTSIRTS function select bit
0: CTS function selected
1: RTS function selected

CTS/RTS enable bit
0: CTS/RTS function is enabled.
1: CTS/RTS function is disabled.

UARTI receive interrupt mode select bit
0: Reception interrupt
1: Reception error interrupt

CLK polarity select bit
0: At the rising edge of the transfer
clock, receive data is input.
1: At the falling edge of the transfer
clock, receive data is input.

Transfer format select bit
0: LSB first
1: MSB first

/

/ Serial 1/0 pin control register (Address AC16)

~

b7 bo

L

CTSo/RTSo separate select bit
0: CTSo/RTSo are used together (Note 1).
CTS1/RTS1 separate select bit
0: CTS1/RTS1 are used together (Note 1).
TxDo/P13 switch bit (Note 2)
0: Functions as TxDo.
1: Functions as P1s.
TxD1/P17 switch bit (Note 2)
0: Functions as TxD1.
1: Functions as P17.

%

Notes 1: In the clock synchronous serial /0
mode, CTSi/RTSi separation cannot
be selected. (Refer to section “[Pre-
cautions for clock synchronous
serial I/0O mode].”)

: When only reception is performed, i
these bits = “1,” the TxDi pin can be
used as a programmable I/O port
pin.

mEEEEEEEEEEEEREEEEEERENY
N
[TTT]

NN RN R RN R RN R EREEE Ry

When extenal clock is selected
AEEEEEEEEEEEERRREEERRRREEEEEEE

= When internal clock is selected

UARTO baud rate register (BRGO) (Address 3116)
UART1 baud rate register (BRG1) (Address 3916)

b7 bo

|
r

l-l"'"'"""""""""):
/

Can be set to “0016” to “FF1s.”

SENEEEEEEEENEEEEEEEE

~

Port P1 direction register (Address 516)
b7 b0

[o] [ ]

Pin RxDo

Pin RxD1

o
-

%
~

UARTO receive interrupt control register (Address 7216)
UARTL1 receive interrupt control register (Address 7416)

b7

Interrupt priority level select bits

When using interrupts, set these bits to
one of levels 1t0 7.

When disabling interrupts, set these bits
to level 0.

o

~

/ UARTO transmit buffer register (Address 3216)
UART1 transmit buffer register (Address 3Az16)

b7 bo

; Dummy data is set.

o
-

%
~

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D16)

Transmit enable bit
1: Transmission enabled

Reception enable bit
1: Reception enabled

%

Note: Set the receive enable bit
and the transmit enable
bit to “1” simultaneously.

Reception starts.

Fig. 11.3.8 Initial setting example for relevant registers when receiving
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SERIAL 1/O

11.3 Clock synchronous serial I/O mode

. hen using interrupts] (Note 1)
[When not using interrupts] W g pts]
A UARTI receive interrupt request occurs

* when reception is completed.

Checking completion of reception

UARTO transmit/receive control register 1 (Address 3516)

UART1 transmit/receive control register 1 (Address 3Dzs) UARTI receive interrupt
b7 b 0
LL LT T Jaf o]
[

Receive complete flag
0 : Reception not completed
1 : Reception completed

'

Reading of receive data (Note 2)

UARTO receive buffer register (Address 3616)

UART1 receive buffer register (Address 3Ezis)
b7 b0

|
| S—

Read out receive data.

g N

Checking error

UARTO transmit/receive control register 1 (Address 3516)

UART1 transmit/receive control register 1 (Address 3D1e)
b7 b0

LL LT[ el [a]
—

Overrun error flag
0 : No overrun error
\ 1: Overrun error detected/

< Processing after reading out receive data )

Notes 1: When performing the processing after reception is completed, using an interrupt, be sure to

select a receive interrupt (UARTI receive interrupt mode select bit = “0.”)

2: In the case of an external clock and the RTS function selected, the RTSi output level becomes
“L" when the UARTI receive buffer register is read out. Accordingly, when performing reception
continuously, be sure to write the dummy data to the UARTi transmit buffer register before
reading out the UARTI receive buffer register.

3: This figure shows the bits and registers required for the processing.
See Figure 11.3.12 for the change of flag state and the occurrence timing of an interrupt request.

Fig. 11.3.9 Processing after reception is completed
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11.3 Clock synchronous serial 1/0 mode

11.3.6 Receive operation

In the case of an internal clock selected, when the receive conditions described in section “11.3.5 Method
of reception” have been satisfied, a transfer clock is generated and the reception is started after 1 cycle
of the transfer clock or less has passed. In the case of an external clock selected, when the receive
conditions have been satisfied, the UARTIi enters the receive-enabled state, and then reception will be
started when an external clock is input to the CLKi pin.

In the case of an external clock selected, when connecting the RTS pin to the CTSi pin of the transmitter
side, the timing of transmission and that of reception can be matched. In the case of an internal clock
selected, do not use the RTS function. It is because the RTS output is undefined in the case of an internal
clock selected.

In the case of an external clock and the RTS function selected, the RTSi pin’s output level becomes as
described below.

When the receive enable bit = “0,” if one of the following is performed, the RTSi pin’s output level becomes
“L" and informs of the transmitter side that reception has become enabled:

* The receive enable bit is set to “1.”

e The low-order byte of the UARTI receive buffer register is read out.

When the receive enable bit = “1,” if the low-order byte of the UARTI receive buffer register is read out,
the RTSi pin’s output level becomes “L.”

Accordingly, when performing reception continuously, an overrun occurrence can be avoided because the
RTS output level does not become “L” until the receive data is read out.

When reception has started, the RTSi pin’s output level becomes “H.”

Figure 11.3.10 shows a connection example.

Transmitter side Receiver side
TxDi T TxDi
RXD:i |-t -1 RXDi

CLKi

- CLKi

MA-D $AM-D

RTSi

CTSi[-

Fig. 11.3.10 Connection example
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11.3 Clock synchronous serial I/O mode

The receive operations are described below:

O The signal input to the RxDi pin is taken into the most significant bit of the UARTI receive register
synchronously with the valid edge® of the clock output from the CLKi pin or input to the CLKi pin.

O The contents of the UARTI receive register are shifted, bit by bit, to the right.

0 Steps O and 0O are repeated at each valid edge of the clock output from the CLKi pin or input to the
CLKi pin.

O When 1-byte data has been prepared in the UARTI receive register, the contents of this register are
transferred to the UARTI receive buffer register.

O Simultaneously with step 0, the receive complete flag is set to “1.” Additionally, when the receive
interrupt is selected (UARTI receive interrupt mode select bit = “0”), a UARTI receive interrupt request
occurs and its interrupt request bit is set to “1.”

Valid edge"” : A rising edge is selected when the CLK polarity select bit = “0.”
A falling edge is selected when the CLK polarity select bit = “1.”

The receive complete flag is cleared to “0” when the low-order byte of the UARTI receive buffer register
is read out. Figure 11.3.11 shows the receive operation, and Figure 11.3.12 shows an example of receive
timing (when an external clock is selected).

When the transfer format select bit is “1” (MSB first), each bit's position of this register’s contents is
reversed, and then the resultant data is read out.
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Transfer clock output from MSB LSB
or input to CLKi pin (Note). UARTI receive register | | | | | | | | |

1503 N O

U
T = oo
s

I I N O

REEE SR RN e CIEy B B B B D
<

b7 bo

UARTI receive buffer register | Receive data |

Note: This applies when the CLK polarity select bit = “0.”
When the CLK polarity select bit = “1,” data is shifted at the rising edge of
the transfer clock.

Fig. 11.3.11 Receive operation

Receive enable bit I

Transmit enable bit

—_—1 Dummy data is set to UARTI transmit buffer register.

Transmit buffer
empty flag g 4>\

R UARTI transmit register — UARTI transmit buffe

RTSi

CLKi

Receive data is taken in.

ReD XXX oXXeXo XoXoXXeXeXo)

UARTI receive register - UARTI receive buffer register UARTI receive buffer register is read ¢

Receive complete flag \ q)/
UARTI receive I
interrupt request bit

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

The above timing diagram applies when the following When the CLKi pin’s input level is “H,” be sure to sat
conditions are satisfied: the following conditions:

e External clock selected o Writing of dummy data to UARTI transmit buffer re
e RTS function selected e Transmit enable bit = “1”

e CLK polarity select bit = “0” o Receive enable bit = “1”

fext: Frequency of external clock

Fig. 11.3.12 Example of receive timing (when external clock selected)
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11.3 Clock synchronous serial I/O mode

11.3.7 Processing on detecting overrun error

In the clock synchronous serial 1/O mode, an overrun error can be detected.

An overrun error occurs when the next data has been prepared in the UARTI receive register with the
receive complete flag = “1” (i.e. data is present in the UARTI receive buffer register) and next data is
transferred to the UARTI receive buffer register. In other words, an overrun error occurs when the next data
has been prepared before reading out the contents of the UARTI receive buffer register. When an overrun
error has occurred, the next receive data is written into the UARTI receive buffer register. Additionally,
when the receive error interrupt is selected (UARTI receive interrupt mode select bit = “1”), a UARTI receive
interrupt request occurs and its interrupt request bit is set to “1.” When the receive interrupt is selected
(UARTI receive interrupt mode select bit = “0”), the UARTI receive interrupt request bit does not change.
An overrun error is detected when data is transferred from the UARTI receive register to the UARTI receive
buffer register, and the overrun error flag is set to “1.” The overrun error flag is cleared to “0” by clearing
the receive enable bit to “0.”

When an overrun error occurs during reception, be sure to initialize the overrun error flag and UARTI
receive buffer register, and then perform reception again. When it is necessary to perform retransmission
owing to a receiver-side overrun error which has occurred during transmission, be sure to set the UARTI
transmit buffer register again, and start transmission again.

The methods of initializing the UARTI receive buffer register and that of setting the UARTI transmit buffer
register again are described below.

(1) Method of initializing UARTI receive buffer register
O Clear the receive enable bit to “0” (reception disabled).
O Set the receive enable bit to “1” again (reception enabled).

(2) Method of setting UARTI transmit buffer register again
0 Clear the serial 1/0 mode select bits to “0002” (serial 1/O invalidated).
0 Set the serial I/0 mode select bits to “001.” again.
0 Set the transmit enable bit to “1” (transmission enabled), and set the transmit data to the UARTiI
transmit buffer register.
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[Precautions for clock synchronous serial 1/O mode]

[Precautions for clock synchronous serial 1/0 mode]

1. A transfer clock is generated by operation of the transmit control circuit. Accordingly, even when performing
only reception, the transmit operation (in other words, setting for transmission) must be performed. In this
case, be sure to set as follows. Additionally, in this case, dummy data is output from the TxDi pin to the
external:

» When performing reception, be sure to enable the reception after dummy data is set to the low-order

byte of the UARTI transmit buffer register. Also, be sure to set dummy data at each 1-byte data
reception.

» At reception, be sure to set the receive enable bit and transmit enable bit to “1” simultaneously.

When performing only reception, if any of the TxDo/P1s and TxD:/P17 switch bits (bits 2 and 3 at address
ACi6) is set to “1,” the corresponding TxDi pin can be used as a programmable I/O port pin.

2. When an external clock is selected, with the input level at the CLKi pin = “H” (the CLK polarity select bit

= “0") or “L” (the CLK polarity select bit = “1"), be sure to satisfy all of the following three conditions:

<At transmission>

O Transmit data is written to the UARTI transmit buffer register.
O The transmit enable bit is set to “1.”

O “L” level is input to the CTSipin (when the CTS function selected).

<At reception>

0O Dummy data is written to the UARTI transmit buffer register.
O The receive enable bit is set to “1.”
O The transmit enable bit is set to “1.”

3. While the CTSi/RTSi separation is selected, the CLKi pin cannot be used. Accordingly, in the clock
synchronous serial 1/0 mode, the CTSi/RTSi separation cannot be selected.

4. Writing to the UARTI baud rate register (BRGi) must be performed while transmission/reception halts.
5. When an internal clock is selected, do not use the RTS function because the RTS output is undefined.

6. When performing transmission, be sure to clear any of the TxDo/P1s and TxD1/P17 switch bits to “0” (bits
2 and 3 at address ACus).
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11.4 Clock asynchronous serial 1/0 (UART) mode

11.4 Clock asynchronous serial /O (UART) mode
Table 11.4.1 lists the performance overview in the UART mode, and Table 11.4.2 lists the functions of
I/0 pins in this mode.

Table 11.4.1 Performance overview in UART mode

Item Functions
Transfer data Start bit 1 bit
format Character bit (Transfer data) |7 bits, 8 bits, or 9 bits
Parity bit 0 bit or 1 bit (Odd or Even can be selected.)
Stop bit 1 bit or 2 bits
Transfer rate When selecting internal clock | BRGi’s output divided by 16
When selecting external clock | Maximum 312.5 kbps

Error detection 4 types (overrun, framing, parity, and summing): presence of an
error can be detected only by check of the error sum flag.

Table 11.4.2 Functions of 1/O pins in UART mode

Pin name Functions Method of selection

TxDi (P1s, P17) Serial data output pin [TxDo/P1s or TxD1/P17 switch bit = “0.” (Note)
Programmable I/O port pin [ TxDo/P1s or TxD1/P17 switch bit = “1.”

RxDi (P12, P1ls) Serial data input pin |Port P1 direction register’s corresponding bit = “0”
Programmable /O — (Can be used as a programmable 1/0O port pin when
port pin performing only transmission.)

CLKi (P1:, P1s) BRGi's count source input pin | Internal/External clock select bit = “1”
Programmable I/O port pin [Internal/External clock select bit = “0”

CTSI/RTSi (Plo, P11, |CTS input pin See Table 11.2.1.

Pls, Pls) RTS output pin
Programmable 1/O port pin

Port P1 direction register: address 0516

Internal/External clock select bit: bit 3 at addresses 3016, 3816
TxDo/P1s switch bit: bit 2 at address ACis

TxD1/P17 switch bit: bit 3 at address ACis

Note: The TxDi pin outputs “H” level while transmission is not performed after the UARTI's operating mode
is selected.
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11.4 Clock asynchronous serial I/0 (UART) mode

11.4.1 Transfer rate (Frequency of transfer clock)

The transfer rate is determined by the BRGi (addresses 3116, 391s).

When “n” is set into BRGi, BRGi divides the count source frequency by (n + 1). The BRGi’s output is further divided
by 16, and the resultant clock becomes the transfer clock. Accordingly, “n” is expressed by the following formula.

n: Value set in BRGi (0016 to FFis)
F F: BRGi's count source frequency (Hz)

n=sm——-—— —
16 0B B: Transfer rate (bps)

An internal clock or an external clock can be selected as the BRGi's count source with the internal/external
clock select bit (bit 3 at addresses 3016, 3816). When an internal clock is selected, the clock selected with
the BRG count source select bits (bits 0 and 1 at addresses 3416, 3C1s) becomes the BRGi’s count source.
When an external clock is selected, the clock input to the CLKi pin becomes the BRGi’s count source.
Be sure to set the same transfer rate for both transmitter and receiver sides. Tables 11.4.3 and 11.4.4 list
the setting examples of transfer rate.

Each of the values, listed in these tables, realizes the actual transfer rate of which error toward an ideal
transfer rate is within 1 %.

Table 11.4.3 Setting examples of transfer rate (1)

fsys = 19.6608 MHz fsys = 20 MHz
Transfer - - - - -
BRGi’s BRGi’s set Actual time BRGi's BRGi's set Actual time
rate (bps) )
count source | value: n (Note) (bps) count source (value: n (Note) (bps)
300 foa 63 (3Fus) 300.00 fea 64 (4016) 300.48
600 fie 127 (7Fus) 600.00 fis 129 (8116) 600.96
1200 fis 63 (3F1) 1200.00 fis 64 (4016) 1201.92
2400 fie 31 (1Fus) 2400.00 T
4800 f2 127 (7Fus) 4800.00 f2 129 (8116) 4807.69
9600 fa 63 (3F16) 9600.00 f2 64 (4016) 9615.38
14400 fa 42 (2A16) 14288.37 f2 42 (2A16) 14534.88
19200 f2 31 (1Fis) 19200.00 Yt
31250 I f2 19 (1316) 31250.00
38400 f2 15 (OF1e) 38400.00 —
Note: This applies when the peripheral device’s clock select bits 1, 0 (bits 7, 6 at address BCis) = “002.”

Table 11.4.4 Setting examples of transfer rate (2)

Transfer fsys = 15.9744 MHz fsys = 16 MHz
BRGi's BRGi's set Actual time BRGi's BRGi's set Actual time
rate (bps)
count source | value: n (Note) (bps) count source [value: n (Note) (bps)
300 foa 51 (331s) 300.00 foa 51 (3316) 300.48
600 fie 103 (6716) 600.00 fis 103 (6716) 600.96
1200 fi6 51 (3316) 1200.00 fis 51 (3316) 1201.92
2400 fa 207 (CFuie) 2400.00 f2 207 (CFie) 2403.85
4800 f2 103 (6710) 4800.00 fa 103 (6716) 4807.69
9600 f2 51 (331s) 9600.00 f2 51 (331s) 9615.38
14400 f2 34 (2216) 14262.86 T
19200 f2 25 (1916) 19200.00 f 25 (1916) 19230.77
31250 f2 15 (OFus) 31200.00 f2 15 (OFus) 31250.00
38400 f 12 (0C1e) 38400.00 f2 12 (0Cus) 38461.51

Note: This applies when the peripheral device’s clock select bits 1, 0 (bits 7, 6 at address BCis) = “002.”
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11.4 Clock asynchronous serial 1/0 (UART) mode

m  Error-permitted range of transfer baud
During reception, the receive data input to the RxDi pin is taken at the rising edge of the transfer
clock. (Refer to section “11.4.6 Receive operation.”) Accordingly, in order to receive data correctly,
the stop bit must be input when the transfer clock of one-set receive data rises last. Figure 11.4.1
shows the relationship between the transfer clock and receive data.

<1ST-8DATA-1SP>
When the transfer rate of _—-- -
the receive data is faster f A X
RXDi than the rate of the transfer ST Do p— - -Ly sp \<_
X o Y[sP

(Receive data)

clock on the receiver side

When the transfer rate of

the receive data is slower

than the rate of the transfer 3 .
At the falling edge of ST, the transfer clock is

clock on the receiver side >
generated, and reception starts.

SP must be detected at
this last rising edge of
) the transfer clock.

(Recener ) L T LT LI 1 L

) e o -
o  1clock © 8 clocks “T™ 1clock =
< |
9.5 clocks 7
0 1 period of BRGi's count source (Maximum) ST : Start bj[
SP : Stop bit

- == According to the condition of the input timing,
a maximum of this period (0J) can be omitted.

Fig. 11.4.1 Relationship between transfer clock and receive data

Accordingly, the transfer rate of the receiver and transmitter sides must satisfy the following formula
in order to receive data correctly.

(&06-0+2)<(&oe-0s+ )< (Foy

Br: Transfer rate on receiver side (bps)
Bt: Transfer rate on transmitter side (bps)
F : BRGi's count source frequency on receiver side (Hz)
b : Entire bit number of one-set data
(ex: 12 bits in the case of 1ST-8DATA-1PAR-2SP; See Figure 11.4.2.)

Be sure to satisfy the above formula, and set the timing with enough margin. Also, the user shall
make sufficient evaluation before actually using it.
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SERIAL 1/O

11.4 Clock asynchronous serial 1/0 (UART) mode

11.4.2 Transfer data format

The transfer data format can be selected from formats shown in Figure 11.4.2. Bits 4 to 6 at addresses
301 and 3816 select the transfer data format. (See Figure 11.2.2.) Set the same transfer data format for both
transmitter and receiver sides.

Figure 11.4.3 shows an example of transfer data format. Table 11.4.5 lists each bit in transmit data.

Transfer data length of 7 bits—1— 1ST—7DATA — 1SP
— 1ST—7DATA —— 2SP
— 1ST—7DATA—1PAR—1SP
— 1ST—7DATA—1PAR—2SP

Transfer data length of 8 bits—1— 1ST—8DATA — 1SP
— 1ST—8DATA ——— 2SP
— 1ST—8DATA—1PAR—1SP
— 1ST—8DATA—1PAR—2SP

Transfer data length of 9 bits ——— 1ST—9DATA ——— 1SP _
L 1ST—9DATA 2SP ST . Start bit
l_ 1ST—9DATA—1PAR—1SP DATA : Character bit (Transfer data)

L — 1ST—9DATA—1PAR—2SP PAR : Parity bit
SP : Stop bit

Fig. 11.4.2 Transfer data format

« 1ST-8DATA-1PAR-1SP
—» Time

«<———— Transmit/Receive data ————— => Next transmit/receive data

<—— DATA (8 bits) ——> i (When continuously
i . transferred)

| st [is8] [ ] [mse] PAR] sP | sT | |

Fig. 11.4.3 Example of transfer data format
Table 11.4.5 Each bit in transmit data

Name Functions
ST “L” signal equivalent to 1 character bit. This is added immediately before the character
Start bit bits. It indicates start of data transmission.
DATA Transmit data which is set in the UARTI transmit buffer register.
Character bit
PAR A signal that is added immediately after the character bits in order to improve data
Parity bit reliability. The level of this signal changes according to selection of odd/even parity

in such a way that the sum of “1”s in the sum of this bit and character bits is always
an odd or even number.

SP “H” level signal equivalent to 1 or 2 character bits. This is added immediately after
Stop bit the character bits (or parity bit when parity is enabled). It indicates completion of
data transmission.
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SERIAL 1/O

11.4 Clock asynchronous serial 1/0 (UART) mode

11.4.3 Method of transmission

Figure 11.4.4 shows an initial setting example for relevant registers when transmitting.

The difference depending on the transfer data length (7 bits, 8 bits, or 9 bits) is the transmit data’s length
only. When selecting a 7- or 8-bit data length, be sure to set the transmit data into the low-order byte of
the UARTI transmit buffer register. When selecting a 9-bit data length, be sure to set the transmit data into
the low-order byte and bit 0 of the high-order byte.

Transmission is started when all of the following conditions (O to O) are satisfied:

0 Transmit data is present in the UARTI transmit buffer register (transmit buffer empty flag = “0”).
O Transmit is enabled (transmit enable bit = “17).
O The CTSi pin’s input level is “L” (when the CTS function selected).

Note: When the CTS function is not selected, condition O is ignored.

By connecting the RTSi pin (receiver side) and CTSi pin (transmitter side), the timing of transmission and
that of reception can be matched. For details, refer to section “11.4.6 Receive operation.”

When using interrupts, it is necessary to set the relevant registers to enable interrupts. For details, refer
to “CHAPTER 6. INTERRUPTS.”

Figure 11.4.5 shows writing data after transmission is started, and Figure 11.4.6 shows detection of
transmit completion.
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SERIAL 1/O

11.4 Clock asynchronous serial 1/0 (UART) mode

/ UARTO transmit/receive mode register (Address 3016)
UART1 transmit/receive mode register (Address 3816)

Serial I/0 mode select bit
b2 bl b0
1 0 0: UART mode (7 bits)
1 0 1: UART mode (8 bits)
1 1 0: UART mode (9 bits)

Internal/External clock select bit
0: Internal clock
1: External clock

Stop bit length select bit
0: 1 stop bit
1: 2 stop bits

Odd/Even parity select bit
0: Odd parity
1: Even parity

Parity enable bit
0: Parity is disabled.
1: Parity is enabled.

Sleep select bit
0: Sleep mode cleared (invalid)
1: Sleep mode selected

\_

UARTO transmit/receive control register O (Address 3416)
UART1 transmit/receive control register O (Address 3C16)

b7 b0

[ofof [ 1

[ [

BRG count source select bits
b1 b0
00:f
01:fie
10:fesa
11:fs12

S/RTS function is select bit

T
0: CTS function selected
1

RTS function selected

S/RTS enable bit

TS/RTS function is enabled.

: CTS/RTS function is disabled.

T
0
1

/Serial 1/0 pin control register (Address AC16)

CTSo/RTSo separate select bit

0: CTSo/RTSo are used together.

1: CTSo/RTSo are separated (Note).
CTS1/RTS: separate select bit

0: CTS1/RTS1 are used together.

1: CTS1/RTS1 are separated (Note).
TxDo/P13 switch bit

0: Functions as TxDo.
TxD1/P17 switch bit

0: Functions as TxD1.

)

Note: The CLKi pin cannot be used when
the CTSI/RTSi separation is selected.
(Refer to “[Precaution for clock
asynchronous serial I/O (UART)
mode].”)

AN NN NN NN NN NN NN NN NN REEENEN,
-

UARTO baud rate register (BRGO) (Address 3116)
UART1 baud rate register (BRG1) (Address 3916)

o
J

b0|
.

Can be set to “0016" to “FF16.”

"

=
CTSI/RTSi are used together. =

= CTSIRTS:i are separated.

Port P1 direction register (Address 516)

Pin CTSo
Pin CTS1

UARTO transmit interrupt control register (Address 7116)
UART1 transmit interrupt control register (Address 7316)

Interrupt priority level select bits

When using interrupts, set these bits
to one of levels 1to 7.
When disabling interrupts, set these

_O'

|
|
|

bits to level 0.
UARTO transmit buffer register (Addresses 3316, 3216)
UART1 transmit buffer register (Addresses 3B16, 3A16)
b15 b8 b7 b0
HEEEEEE
1
T—Transmit data is set.

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3Dz16)
b7 b0

HEEEEEE

Transmit enable bit
1: Transmission enabled

S \

|

Transmission starts.

(If the CTS function selected, transmission starts
when the CTSi pin’s input level becomes “L.”)

Fig. 11.4.4 Initial setting

example for relevant registers when transmitting
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SERIAL 1/O

11.4 Clock asynchronous serial 1/0 (UART) mode

[When not using interrupts]

[When using interrupts]

A UARTI transmit interrupt request occurs
when the transmission starts. (when the
UARTI transmit buffer register becomes

empty.)
/Checking state of UARTI transmit buffer register \
UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D1s) UARTI transmit interrupt
b7 b0
LITT T TT [a
Transmit buffer empty flag
0: Data is present in transmit buffer register.
1: No data is present in transmit buffer register.
\ (Writing of next transmit data is possible.) /

/Writing of next transmit data

b15 b8 b7
T

UARTO transmit buffer register (Addresses 3316, 3216)
UART1 transmit buffer register (Addresses 3B16, 3A16)

~

bo

[

\ Transmit data is set. /

Note: This figure shows the bits and registers
required for processing.
See Figures 11.4.7 to 11.4.9 for the change
of flag state and the occurrence timing of an
interrupt request.

Fig. 11.4.5 Write operation of data after transmission start
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SERIAL 1/O

11.4 Clock asynchronous serial 1/0 (UART) mode

[When not usin

[When using interrupts]

A UARTI transmit interrupt request
occurs when the transmission starts.

g interrupts]

Checking start of transmission

0:
1:

UARTO transmit interrupt control register (Address 7116)

UART1 transmit interrupt control register (Address 7316) UARTI transmit interrupt
b7 b 0
LT [ )]
.

Interrupt request bit

No interrupt requested
Interrupt requested
(Transmission has started.)/

/

UARTO transmit/receive control reg
UARTL1 transmit/receive control reg

b7 b0

Lofof [T [T, ]
—

Checking completion of transmission.

Transmit register empty flag
0: Transmission is in progress.
\\ 1: Transmission is completed./

\ Note: This figure shows the bits and registers required
for processing.

ister O (Address 3416) See Figures 11.4.7 to 11.4.9 for the change of
ister O (Address 3C16) flag state and the occurrence timing of an interrupt
request.

C Processing at completion of transmission >

Fig. 11.4.6 Detect operation of

transmit completion
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SERIAL 1/O

11.4 Clock asynchronous serial 1/0 (UART) mode

11.4.4 Transmit operation

When the receive conditions described in section “11.4.3 Method of transmission” have been satisfied,
a transfer clock is generated, and the following operations are automatically performed after 1 cycle of the
transfer clock or less has passed.

*The UARTI transmit buffer register’'s contents are transferred to the UARTI transmit register.
*The transmit buffer empty flag is set to “1.”

*The transmit register empty flag is cleared to “0.”

A UARTI transmit interrupt request occurs, and the interrupt request bit is set to “1.”

The transmit operations are described below:

O Data in the UARTI transmit register is transmitted from the TxDi pin.

O This data is transmitted bit by bit sequentially in order of ST - DATA (LSB) - ¢ss.DATA (MSB) - PAR
- SP according to the transfer data format.

O The transmit register empty flag is set to “1” at the center of the stop bit (or the second stop bit if 2 stop
bits selected). This indicates completion of transmission. Additionally, whether the transmit conditions
for the next data are satisfied or not is examined.

When the transmit conditions for the next data are satisfied in step O, the start bit is generated following
the stop bit, and the next data is transmitted. When performing transmission continuously, be sure to set
the next transmit data in the UARTI transmit buffer register during transmission (i.e. when the transmit
register empty flag = “0”). When the transmit conditions for the next data are not satisfied, the TxDi pin
outputs “H” level and the transfer clock stops.

Figures 11.4.7 and 11.4.8 show examples of transmit timing when the transfer data length = 8 bits, and
Figure 11.4.9 shows an example of transmit timing when the transfer data length = 9 bits.
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SERIAL 1/O

11.4 Clock asynchronous serial 1/0 (UART) mode

Tc

Transfer clock | | | | | | | | | | | | | | | | |

Transmit enable bit |
Data is set in UARTI transmit buffer register.

Transmit buffer \ |
empty flag Mm{ ) /'(
UARTI transmit register — UARTIi transmit buffer register

Tenbi |_| |_|

Stopped because transmit enable bit = “0”

o T A\ AR

Transmit register

empty flag

UARTI transmit | [
interrupt request bit _— \ /

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

The above timing diagram applies when TeNDI: Next transmit conditions are examined when this signal level ST: Start bit

the following conditions are satisfied: becomes “H.” Do to D7: Transfer data
e Parity enabled (Tenbi is an internal signal. Accordingly, it cannot be read from P: Parity bit

1 stop bit the external.) ST: Stop bit

e CTS function not selected
Tc: 16 (n + 1)/fi or 16 (n + 1)/fexT
fii BRGi's count source frequency (internal clock)
fext: BRGi's count source frequency (external clock)
n: Value set in BRGi

Fig. 11.4.7 Example of transmit timing when transfer data length = 8 bits (when parity enabled,
1 stop bit selected, CTS function not selected)

Tc
%'—‘47

Transfer clock

Transmit enable bit . X X . X |
Data is set in UARTI transmit buffer register.

Transmit buffer k % af \\ ]
empty flag =4

UARTI transmit register — UARTIi transmit buffer register

CTSi

| \ I \
TeNDi |_| |_| \
; St Stopped because transmit

opped because CTSi = “H” { enable bit = 0"

TXDi T AsT {pX DX D2X 03X DX DX DX X P Vsp \s {pX DX D2XDX DX DX DX DX P Ysp
Transn;irtn ﬁgizxae; ] l_ Ii

UARTI transmit
interrupt request bit \ /

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

The above timing diagram applies

! bk Tenpi: Next transmit conditions are examined when this signal level ST: Start bit
when the following conditions are becomes “H.” Do to D7: Transfer data
ia}'—l’saf:ﬁ;tenabled (TenDi is an internal signal. Accordingly, it cannot be read from p; Parity bit
" the external. o i
« 1 stop bit ) ST: Stop bit
 CTS function selected Tc =16 (n + 1)/fi or 16 (n + 1)/fexT

fi: BRGi's count source frequency (internal clock)
fexT: BRGi's count source frequency (external clock)
n: Value set in BRGi

Fig. 11.4.8 Example of transmit timing when transfer data length = 8 bits (when parity enabled,
1 stop bit and selecting CTS function selected)
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SERIAL 1/O

11.4 Clock asynchronous serial 1/0 (UART) mode

Tc

e

Transfer clock

Transmit enable bit J Data is set in UARTI transmit buffer register. | |

Transmit buffer m \
empty flag

UARTI transmit register — UARTI transmit buffer register

TeNDI |_|
Stopped because transmit enable bit = “0”

o\ e P\ XXX XX XeXe)e s
Transmit register ] I_

empty flag
UARTI transmit | | | |
interrupt request bit \ /

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

The above timing diagram applies when

the following conditions are satisfied: Tenbi: Next transmit conditions are examined when this signal level ST: Start bit

o Parity disabled ’ becomes “H.” Do to D7: Transfer data
o 2 stop bits (TeNDi is an internal signal. Accordingly, it cannot be read from P: Parity bit

o CTS function not selected the external.) ST: Stop bit

Tc =16 (n + 1)/fi or 16 (n + 1)/fexT
fi: BRGI count source frequency (internal clock)
fexT: BRGi count source frequency (external clock)
n: Value set in BRGi

Fig. 11.4.9 Example of transmit timing when transfer data length = 9 bits (when parity disabled,
2 stop bits selected, CTS function not selected)
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SERIAL 1/O

11.4 Clock asynchronous serial 1/0 (UART) mode

11.4.5 Method of reception
Figure 11.4.10 shows an initial setting example for relevant registers when receiving. Reception is started
when all of the following conditions (O and O0) have been satisfied:

O Reception is enabled (receive enable bit = “1").
O The start bit (its falling edge) is detected.

By connecting the RTSi pin (receiver side) and CTSi pin (transmitter side), the timing of transmission and
that of reception can be matched. For details, refer to section “11.4.6 Receive operation.”

When using interrupts, it is necessary to set the relevant registers to enable interrupts. For details, refer
to “CHAPTER 6. INTERRUPTS.”

Figure 11.4.11 shows processing after reception is completed.
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SERIAL 1/O

11.4 Clock asynchronous serial 1/0 (UART) mode

b7

/ UARTO transmit/receive mode register (Address 3016)
UART1 transmit/receive mode register (Address 3816)

Serial I/0 mode select bit

b2 bl b0

1 0 0: UART mode (7 bits)
1 0 1: UART mode (8 bits)
1 1 0: UART mode (9 bits)

Internal/External clock select bit
0: Internal clock
1: External clock

Stop bit length select bit
0: 1 stop bit
1: 2 stop bits

Odd/Even parity select bit
0: Odd parity
1: Even parity

Parity enable bit
0: Parity is disabled.
1: Parity is enabled.

o

Sleep select bit
0: Sleep mode cleared (invalid)
1: Sleep mode selected

%

[0 Set the same transfer data format

b7

/ UARTO transmit/receive control register 0 (Address 3416)
UART1 transmit/receive control register 0 (Address 3C16)

as that of the transmitter side.

bo

[o]o]

.

LL BRG count source select bits
bl b0

00:f
01:fie
10:fes
11:fs12

CTS/RTS function select bit
0: CTS function selected
1: RTS function selected

CTS/RTS enable bit
0: CTS/RTS function is enabled.
1: CTS/RTS function is disabled.

UARTI receive interrupt mode select bit
0: Reception interrupt

1: Reception error interrupt

/Serial 1/0 pin control register (Address AC16)

~

b0

L

CTSo/RTSo separate select bit

0: CTSo/RTSo are used together.

1: CTS0/RTSo are separated (Note 1).
CTS1/RTS1 separate select bit

0: CTS1/RTS1 are used together.

1: CTS1/RTS1 are separated (Note 1).
TxDo/P13 switch bit (Note 2)

0: Functions as TxDo.

1: Functions as P1s.

TxD1/P17 switch bit (Note 2)
0: Functions as TxD1.
1: Functions as P17.

%

Notes 1: The CLKi pin cannot be used
when the CTS/RTSi separation
is selected. (Refer to “[Precau-
tion for clock asynchronous
serial I/0 (UART) mode].”)
When performing reception only,
if these bits are set to “1,” the
TxDi pin can be used as a
programmable I/O port pin.

N

WEEEEEEEEEEEREEEEEE

/UARTO baud rate register (BRGO) (Address 3116)
UART1 baud rate register (BRG1) (Address 3916)
b7 b0

\\ ; Can be set to “0016” to “FF1s.”

/Pon P1 direction register (Address 516)
b7 b0
Llol [ [ Jof []

\; Pin RxDo

Pin RxD1

.

UARTO receive interrupt control register (Address 7216)
UART1 receive interrupt control register (Address 7416)

: IbO
[T, ]
u—L Interrupt priority level select bits

When using interrupts, set these bits to
one of levels 1 to 7.

When disabling interrupts, set these bits|
to level 0.

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D16)

Receive enable bit
1: Reception enabled

Reception will start when the start bit ('s
falling edge) is detected.

Fig. 11.4.10 Initial setting example for relevant registers when receiving
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SERIAL 1/O

11.4 Clock asynchronous serial 1/0 (UART) mode

[When not using interrupts] [When using interrupts] (Note 1

A UARTI receive interrupt request
occurs when reception is completed.

@ N

Checking completion of reception

UARTO transmit/receive control register 1 (Address 3516)
UARTL1 transmit/receive control register 1 (Address 3Dzs) UARTI receive interrupt

Receive complete flag
0 : Reception not completed

\\ 1 : Reception completed /

'

/Checking error N

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3Dzs)

b7 b0

LIT T [ Taf T[]
\— Framing error flag

—— Parity error flag

Error sum flag
0 : No error

\ 1: Error detected /

Reading of receive data

UARTO receive buffer register (Addresses 3716, 3616)
UART1 receive buffer register (Addresses 3Fie, 3E16)

b15 b8 b7 b 0
lo[o[ofofofofo] , |

| A

Read out receive data.

/Checking error N

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3Dzs)

Overrun error flag
0 : No overrun error
\ 1: Overrun error detected/

< Processing after reading out receive data )

Notes 1: When performing the processing after the reception is completed, using an interrupt,
be sure to select the receive interrupt (UARTI receive interrupt mode select bit = “0”).
2: This figure shows the bits and registers required for the processing.
See Figure 11.4.13 for the change of flag state and the occurrence timing of an
interrupt request.

Fig. 11.4.11 Processing after reception is completed

7906 Group User’'s Manual Rev.2.0 11-49

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6193519/m37906.html

SERIAL 1/O

11.4 Clock asynchronous serial 1/0 (UART) mode

11.4.6 Receive operation

When the receive enable bit is set to “1,” the UARTI enters the receive-enabled state. Then, reception will
start when ST (’s falling edge) is detected and a transfer clock is generated.

If the RTS function selected, when connecting the RTSi pin to the CTSi pin of the transmitter side, the
timing of transmission and that of reception can be matched. If the RTS function selected, the RTSi pin's
output level becomes as described below.

When the receive enable bit = “0,” if one of the following is performed, the RTSi pin’s output level becomes
“L” and informs of the transmitter side that reception has become enabled:

* The receive enable bit is set to “1.”

* The low-order byte of the UARTI receive buffer register is read out.

When the receive enable bit = “1,” if the low-order byte of the UARTI receive buffer register is read out,
the RTSi pin’s output level becomes “L.”

Accordingly, when performing reception continuously, an overrun occurrence can be avoided because the
RTS output level does not become “L” until the receive data is read out.

When reception has started, the RTSi pin’s output level becomes “H.”

Figure 11.4.12 shows a connection example.

Transmitter side Receiver side
TxDi T TxDi
RxDi|- -1 RXDi

CTSi| ¢ RTSi

Fig. 11.4.12 Connection example

The receive operation is described below.

O The signal input to the RxDi pin is taken into the most significant bit of the UARTI receive register,
synchronously with the transfer clock’s rising edge.

O The contents of the UARTI receive register are shifted, bit by bit, to the right.

0 Steps O and O are repeated at each rising edge of the transfer clock.

0 When one set of data has been prepared, in other words, when the shift operation has been performed
several times according to the selected data format, the UARTI receive register's contents are transferred
to the UARTI receive buffer register.

O Simultaneously with step 0, the receive complete flag is set to “1.” Additionally, when the receive
interrupt is selected (UARTI receive interrupt mode select bit = “0”), a UARTI receive interrupt request
occurs and its interrupt request bit is set to “1.”

The receive complete flag is cleared to “0” when the low-order byte of the UARTI receive buffer register
has been read out. Figure 11.4.13 shows an example of receive timing when the transfer data length = 8
bits.
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SERIAL 1/O

11.4 Clock asynchronous serial 1/0 (UART) mode

BRGi’s count
source

Receive enable
bit

RxDi

Transfer clock

Receive
complete flag

RTSi

UARTI receive
interrupt
request bit

[T,

o Stop bit
_ X D1 D7 ’ \
Received data taken in

[ S N

— UARTI receive buffer register

clock is generated and reception started. \W
UARTI receive buffer register’s reading out

ter
ol

Cleared to “0” when interrupt request
is accepted or cleared to “0” by
The above timing diagram applies when the following software.

conditions are satisfied:
e Parity disabled

e 1 stop bit

e RTS function selected

Staﬁ bit

Sampled “L”

At'falling edge of start bit, the transfer

Fig. 11.4.13 Example of receive timing when transfer data length = 8 bits (when parity disabled, 1
stop bit and RTS function selected)
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SERIAL 1/O

11.4 Clock asynchronous serial 1/0 (UART) mode

11.4.7 Processing on detecting error

In the UART mode, 3 types of errors can be detected. Each error can be detected when the data in the
UARTI receive register is transferred to the UARTI receive buffer register, and the corresponding error flag
is set to “1.” When any error occurs, the error sum flag is set to “1.” Accordingly, presence of errors can
be judged by using the error sum flag.

Table 11.4.6 lists the conditions for setting each error flag to “1” and method to clear it to “0.”
Additionally, when the receive error interrupt is selected (UARTI receive interrupt mode select bit = “1"),
the UARTI receive interrupt request bit is set to “1” only when each error has occurred. When the receive
interrupt is selected (UARTI receive interrupt mode select bit = “0”), the UARTI receive interrupt request
bit is set to “1” when reception has been completed or when a framing or parity error has occurred. (Even
when an overrun error has occurred, this b