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Preface

This manual describes the hardware of the Mitsubishi
CMOS 16-bit microcomputers 7733/7735/7736 Group.
After reading this manual, the user will be able to
understand the functions, so that the capabilities of
the microcomputers can fully be utilized.

For details concerning the software for the 7733/7735/
7736 Group, refer to the 7700 Family Software Manual.



—BEFORE USING THIS MANUAL

1. INTRODUCTION
This manual consists of the following: PART 1: 7733 Group, PART 2: 7735 Group, and PART 3:
7736 Group.
The peripheral functions are common to all of these groups, but the external bus mode differs
according to the group, as follows:

» 7733 Group: external bus mode A is assigned.

» 7735 Group: external bus mode B is assigned.

» 7736 Group: external bus mode A or B is selectable.
In parts 2 and 3, only the differences occurring between the 7735/7736 Group and the 7733 Group
are described. Also, the chapter, section, table and figure numbers are the same as those in part 1
and the differences are described by the section.

PART 1: 7733 Group

e Chapter 1. OVERVIEW through Chapter 17. APPLICATIONS
The common functions of the 7733 Group microcomputers are described.
The M37733MHBXXXFP is used as a typical microcomputer in this group to describe all common
functions.

e Chapter 18. LOW VOLTAGE VERSION
Read this chapter when using the microcomputers with the electrical characteristics indicated by
“L.” (See page 1-2 in part 1.) Ex.: M37733MHLXXXHP
The differences between the M37733MHLXXXHP, which is a typical low voltage version of the
7733 Group, and the M37733MHBXXXFP are described.

e Chapter 19. BUILT-IN PROM VERSION
Read this chapter when using the microcomputers with the memory type indicated by “E.” (See
page 1-2 in part 1.) Ex.: M37733EHBXXXFP
The differences between the M37733EHBXXXFP, which is a typical built-in PROM version of the
7733 Group, and the M37733MHBXXXFP are described.

e Chapter 20. EXTERNAL ROM VERSION
Read this chapter when using the microcomputers with the memory type indicated by “S.” (See
page 1-2 in part 1.) Ex.: M37733S4BFP
The differences between the M37733S4BFP, which is a typical external ROM version of the 7733
Group, and the M37733MHBXXXFP are described.

e APPENDIX
Practical information for using the 7733 Group is described .

PART 2: 7735 Group, PART 3: 7736 Group
Refer to the table on the next page.
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PART 1 PART 2 (Note 1) | PART 3 (Note 1)
7733 Group 7735 Group 7736 Group
CHAPTER 1. OVERVIEW
Refer to part 2: Refer to part 3:
CHAPTER 2. CENTRAL PROCESSING UNIT (CPU) 7735 Group 7736 Group
CHAPTER 3. PROGRAMMABLE I/0 PORTS
CHAPTER 4. INTERRUPTS
CHAPTER 5. KEY INPUT INTERRUPTS Refer to part 1:
7733 Group

CHAPTER 6. TIMER A

Refer to part 1:

CHAPTER 7. TIMER B 7733 Group

CHAPTER 8. SERIAL 1/O

CHAPTER 9. A-D CONVERTER

CHAPTER 10. WATCHDOG TIMER

CHAPTER 11. STOP AND WAIT MODES Refer to part 1:
7733 Group
CHAPTER 12. CONNECTING EXTERNAL DEVICES
Refer to part 2: Refer to part 3:
CHAPTER 13. RESET 7735 Group 7736 Group
(Note 2)
CHAPTER 14. CLOCK GENERATING CIRCUIT
CHAPTER 15. ELECTRICAL CHARACTERISTICS
CHAPTER 16. STANDARD CHARACTERISTICH R(;;e?:?’trépart L
roup

CHAPTER 17. APPLICATIONS

CHAPTER 18. LOW VOLTAGE VERSION
Refer to part 2:

CHAPTER 19. BUILT-IN PROM VERSION 7735 Group

CHAPTER 20. EXTERNAL ROM VERSION

Refer to part 3:
APPENDIX 7736 Group

Note 1: In part 2 and 3, when there is no reference provided about the part, refer to the corresponding chapter/section

in that part.
2: When referring to the chapters and sections listed below, use the following guide: External bus mode A: refer
to part 1, External bus mode B: refer to part 2.
« Chapter 11. STOP AND WAIT MODES
» Chapter 12. CONNECTING EXTERNAL DEVICES”
« Chapter 15. ELECTRICAL CHARACTERISTICS” (electrical characteristics related to the external bus
mode)
« Paragraph 17.1 Memory expansion
« Chapter 18. LOW VOLTAGE VERSION (electrical characteristics related to the external bus mode)
« Paragraph 18.6 Applications

. NOTES
e For product expansion information, refer to the latest catalog and data book, or contact the

appropriate office, as listed in “CONTACT ADDRESSES FOR FURTHER INFORMATION” on the
last page.

Always refer to the latest data book for electrical characteristics.

This manual does not include the forms listed below. When necessary, copy the corresponding
page of the latest data book, or contact the appropriate office, as listed in “CONTACT ADDRESSES
FOR FURTHER INFORMATION":

« MASK ROM ORDER CONFIRMATION FORM

« PROM ORDER CONFIRMATION FORM

*« MARK SPECIFICATION FORM

For details concerning development support tools, refer to the latest data book of development
support tools.

For details concerning software, refer to the 7700 Family Software Manual.
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3. REGISTER STRUCTURE

Below is the structure diagram for all registers.

01
b7 b6 b5 b4 b3 b2 bl bo/

| | | ||]|o| | (l . ) XXX register (address XX 1s) 2

02

03

Bit Bit name Functions Qt rey} QRW)
t---1 0 |...selectbit 0:.. 0 RW
1:.
R 1 |.. select bit 0:.. Undefined| WO
1:..
The value i@t reading.
s 2 |...flag 0:.. 0 RO
1:..
........... 3 | Fix this bit to *0.” \ 0o | rRw
Pl s 4 | This bit is ignored in ... mode. \ 0 RW
T IIT 7 to 5| Not implemented. \ Undefined| —

N 7

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

: Set to “0” at writing.

: Set to “1” at writing.

: Ignored depending on the mode or state. It may be “0” or “1.”
: Not implemented.

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

Undefined : Undefined immediately after reset.

. Itis 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 to[4
above.)

. 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 to (04 above.)

The written value becomes invalid. Accordingly, the written value may be “0”
or“l.”
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PART 1 7733 Group

The 7733 Group is described in part 1.

For the 7735 Group, refer to part “2. 7735 Group.” In part 2, the differences between the 7735 Group and
the 7733 Group are mainly described.

For the 7736 Group, refer to part “3. 7736 Group.” In part 3, the differences between the 7736 Group and
the 7733 Group are mainly described.
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OVERVIEW

The 7733 Group is a 16-bit single-chip microcomputer designed with high-performance CMOS silicon gate
technology. It is housed in an 80-pin plastic molded flat package.

This single-chip microcomputer has a large 16-Mbyte accessible space, three instruction queue buffers, and
two data buffers for high-speed instruction execution. The CPU is a 16-bit parallel processor that can also
be switched to perform 8-bit parallel processing. This microcomputer is suitable for communication and
office equipment controllers.

O About details concerning each microcomputer’s development state of the 7733 Group, inquire “CONTACT
ADDRESSES FOR FURTHER INFORMATION” described last.
O Functional codes of the 7733 Group are described below.

3 77 33 M H B XXX FEP

M
M

Represents Mitsubishi integrated prefix

Represents uses and operating temperature range

Represents circuit type and family name

Represents group name
2-digit numerals (Running number)

Represents memory type
M:Mask ROM
E:EPROM
S:External ROM

Represents memory size
1-digit alphanumeric

Represents electrical characteristics

Represents ROM’s contents
3-digit numerals

Package type
FP: Molded plastic flat package
GP: Molded plastic flat package
HP: Molded fine-pitch plastic flat package
SP: Molded plastic SDIP
FS: Ceramic flat package
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OVERVIEW

1.1 Performance overview

1.1 Performance overview

Table 1.1.1 lists the M37733MHBXXXFP’s performance overview.

Table 1.1.1 M37733MHBXXXFP’s performance overview

Items Performance
Number of basic instructions 103
The minimum instruction execution time 160 ns

(When f(XIN) = 25 MHz and the main clock is the system clock)

Main-clock frequency f(XIN)

25 MHz (Max.) (Note 3)

Sub-clock frequency f(XCIN)

32.768 kHz (Typ.)

Memory size ROM 124 Kbytes
RAM 3968 bytes
Programmable /O ports |Ports PO-P2, P4-P8 |8 bits O 8
Port P3 4 bits O 1
Multifunction timers Timers A0-A4 16 bits O 5
Timers B0O-B2 16 bits O 3
Serial 1/0 UARTO-UART2 (UART or clock synchronous serial I/0) O 3

A-D converter

(10-bit successive approximation method) O 1 (8 channels)

Watchdog timer

12 bits O 1

3 external, 16 internal (By software, one of interrupt priority
levels O to 7 can be set for each interrupt)

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

Interrupts

Clock generating circuits |Main-clock oscillation
circuit
Sub-clock oscillation
circuit

Built-in (externally connected to a quartz-crystal oscillator)

Power source voltage

5V + 10% (When the main clock is the system clock)

2.7 V to 5.5 V (When the sub clock is the system clock)

Power consumption in single-chip mode

47.5 mW (When f(XIN) = 25 MHz, Vcc = 5 V, and the
main clock is the system clock, Typ.)

250 pW (When f(XcIN) = 32 kHz, Vcc = 5V, the sub clock
is the system clock, and the main clock is stopped, Typ.)

Port input/output
characteristics

Input/Output withstand
voltage

5V

Output current

5 mA

Memory expansion

Possible (Maximum of 16 Mbytes)

Operating temperature range

—-20 °C to +85 °C

Device structure

High-performance CMOS silicon gate process

Package

80-pin plastic molded QFP

Notes 1:

All of the 7733 Group microcomputers are the same except for package type, memory type,

memory size, and electrical characteristics.

N

: For the low voltage version, refer to chapter “18. LOW VOLTAGE VERSION.”

3: When the main clock division selection bit = “1,” the maximum value of f(XIN) = 12.5 MHz.

7733 Group User’'s Manual
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OVERVIEW

1.2 Pin configuration

1.2 Pin configuration

Figure 1.2.1 shows the M37733MHBXXXFP pin configuration.
Note: For the low voltage version, refer to chapter “18. LOW VOLTAGE VERSION.”

; g
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Z22zz22zZ PXxR9

LTLLLLLE 0, g Q0
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NINNNMNNNNN OS> @ > 00 00 0 0

oo >IC>C>0 000

A A A A

( )
P70/ANo <> [1_| KO ) 641
P67/TB2IN/ ¢ su < [2_| O 63]
P66/TB1iN <> [3 | [ 62]
P65/TBOIN <> [4_| Z [61]
P64/INT2 <> [5 | [ c0]
P63/INT1 <> [5 | W [ 59]
P62/INTo <> [ ~ =
P61/TA4IN <> [8_| ~ [57]
P60/TAdouT <> [0 o0 56 ]
P57/TA3IN/KI3 <> [10 | %) [ 55]
P56/TA30uT/Kl2 <> [11 | [ 54]
P55/TA2IN/KI1 <> [12 | Z [ 53]
P54/TA20uT/Klo < [13 ] I [ 52]
P53/TALIN <> [14 | [ 51]
P52/TAlouT <> [15 | o [ 50]
P51/TAOIN <+ [16 | >< [ 49]
P50/TAQOUT -« [17 | 48]
P47 <> [18 >< [47]
P4 <> [19 )4 [ 46]
P4s <> [20] —I—I [ 45]
P44 <> 21 [ 44]
P43 <> [22] U [ 43]
P42/ F1 < [23 [ 42]
P41/RDY <> [24] O [ 41]
\\ j)

1 O o

QUL Z s BISYEZ 888

o>zm>2% >SZE@eTTas

T m ) L IdSsqgag<s<

S o sPOOTFTHI

N el ENENEN

o o [a M2 I MY a

Outline 80P6N-A

KRR

P84/CTS1/RTS1
P8s/CLK1
P86/RxD1
P87/TxD1
P0Oo/Ao
PO1/A1
P0O2/A2
PO03/A3
PO4/Aa
PO0s/As
POes/Ae
PO7/A7
P10/As/Ds
P11/A9/Do
P12/A10/D10
P13/A11/D11
P14/A12/D12
P1s/A13/D13
P16/A14/D14
P17/A15/D15
P20/A16/Do

<«» P21/A17/D1
-«» P22/A18/D2
-» P23/A19/D3

Fig. 1.2.1 M37733MHBXXXFP pin configuration (Top view)
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OVERVIEW

1.3 Pin description

1.3 Pin description

Tables 1.3.1-1.3.3 list the pin description. Note that the pin description of the built-in PROM version in the
EPROM mode is described in section “19.1 EPROM mode.”

Table 1.3.1 Pin description (1)

Pin Name Input/Output Functions
Vcc, Vss  |Power source input To pin Vcc, apply 5 V£10% (Note) (When the main
clock is the system clock) or 2.7 V to 5.5 V (When the
sub clock is the system clock). To pin Vss, apply 0 V.
CNVss CNVss Input | This pin switches the processor mode.
[Single-chip Mode] [Memory Expansion Mode]
 Connecttopinvss.

[Microprocessor Mode]
Connect to pin Vcc.

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

XIN Clock input Input Pins XIN and XouT are the I/O pins of the clock
generating circuit, respectively. Connect these pins via

Xout Clock output Output a ceramic resonator or a quartz-crystal oscillator. When

an external clock is used, the clock should be input to
pin XIN, and pin XouT should be left open.

E Enable output Output This pin outputs signal E. When E’s level is “L,” the
microcomputer reads data and instruction codes or
writes data. Also, output of signal E can be stopped
by software.

BYTE External data bus width Input [Single-chip Mode]

selection input Connect to pin Vss.
' [Memory Expansion Mode] [Microprocessor Mode]
Input level to this pin determines whether the external
data bus has a 16-bit width or an 8-bit width. A 16-bit
width is selected when the level is “L,” and an 8-bit
width is selected when the level is “H.”

AvVcc Analog power source input Power source input for the A-D converter. Connect to

’ pin Vcc.

AVss Power source input for the A-D converter. Connect to
pin Vss.

VREF Reference voltage input Input This is the reference voltage input pin for the A-D
converter.

Note: In the low voltage version, it is 2.7 V to 5.5 V.
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OVERVIEW

1.3 Pin description

Table 1.3.2 Pin description (2)

Pin

Name

Input/Output

Functions

P0o0-PO0O7

I/0 port PO

11O

[Single-chip Mode]
PO is an 8-bit CMOS I/O port and has an 1/O direction
register. Each pin can be programmed for input or output.

[Memory Expansion Mode] [Microprocessor Mode]
Address’s low-order 8 bits (A0—A7) are output.

Plo-P17

‘As/Ds— |
A15/D15

I/0 port P1

[Single-chip Mode]
P1 is an 8-bit 1/O port with the same function as port
[Memory Expansion Mode] [Microprocessor Mode]
e When the external data bus width = 8 bits
(Pin BYTE is at “H” level)
Address’s middle-order 8 bits (As—A15) are output.
e When the external data bus width = 16 bits
(Pin BYTE is at “L” level)
Input/Output of data (D8—D15) and output of address’s
middle-order 8 bits (As—A15) are performed with the
time sharing method.

P20-P27

A16/Do—
A23/D7

I/0 port P2

/0

[Single-chip Mode]

P2 is an 8-bit 1/O port with the same function as port
[Memory Expansion Mode] [Microprocessor Mode]
Input/Output of data (Do—D7) and output of address’s
high-order 8 bits (A16—A23) are performed with the time
sharing method.

I/0 port P3

Output

[Single-chip Mode]
P3 is a 4-bit /O port with the same function as port PO.
[Memory Expansion Mode] [Microprocessor Mode]
These pins respectively output signals R/W, BHE, ALE,
and HLDA.
e Signal R/W
This signal indicates the data bus state.
When this signal level is “H,” a data bus is in the
read state. When this signal level is “L,” a data bus
is in the write state.
e Signal BHE
This signal’s level is “L” when the microcomputer
accesses an odd address.
e Signal ALE
This signal is used to separate the multiplexed signal which
consists of an address and data to the address and the data.
e Signal HLDA
This signal informs the external whether this
microcomputer enters the Hold state or not.

In Hold state, pin HLDA outputs “L” level.
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OVERVIEW

1.3 Pin description

Table 1.3.3 Pin description (3)

Pin

Name

Input/Output

Functions

P40-P47

HOLD,
RDY,
P42-P47

/O port P4

/0

Input
Output
/0

[Single-chip Mode]

P4 is an 8-bit I/O port with the same function as port
PO. P42 can also be programmed as the clock ¢1 output
pin. (Refer to chapter “14. CLOCK GENERATING
CIRCUIT.")

[Memory Expansion Mode]
P40 functions as pin HOLD, and P41 as pin RDY.
The microcomputer is in Hold state while pin HOLD's
input level is “L” and is in Ready state while pin RDY's
input level is “L.”

P42—P47 function as 1/0O ports with the same function
as port PO. P42 can also be programmed as the clock
@1 output pin. (Refer to chapter “14. CLOCK
GENERATING CIRCUIT."”)

[Microprocessor Mode]
P40 functions as pin HOLD, P41 as pin RDY, and P42
as the clock ¢1 output pin. (Refer to “[Memory
Expansion Mode].” ) P43-P47 function as 1/O ports
with the same function as port PO.

I/O port P5

I/O

P5 is an 8-bit I/O port with the same function as port
PO and can be programmed as I/O pins for timers AO—
A3 and input pins (Klo—KIs) for the key input interrupt.

P60-P67

I/O port P6

/0

P6 is an 8-bit 1/0 port with the same function as port
PO and can be programmed as /O pins for timer A4,
external interrupt input pins, and input pins for timers
B0-B2. P67 also functions as an output pin for the sub
clock (gsuB).

P70-P77

I/O port P7

/0

P7 is an 8-bit I/O port with the same function as port
PO and can be programmed as analog input pins for
the A-D converter. P76 and P77 can be programmed
as /0O pins (XcouT, XcIN) for the sub-clock (32 kHz)
oscillation circuit. When using P76 and P77 as pins
XcouT and XcCIN, connect a quartz-crystal oscillator
between them. When inputting an external clock, input
the clock from pin XcIN. P72—P75 also function as
UARTZ2’s I/O pins.

P80-P87

I/O port P8

/0

P8 is an 8-bit 1/0 port with the same function as port
PO and can be programmed as serial 1/0O’s 1/0O pins.

7733 Group
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OVERVIEW

1.3 Pin description

1.3.1 Examples of handling unused pins

The following are examples of handling unused pins.

These are, however, just examples. In actual use, make the necessary adaptations and properly evaluate
performance according to the user’s application.

(1) In single-chip mode

Table 1.3.4 Examples of handling unused pins in single-chip mode
Pins Handling example
PO-P8 Connect these pins to pin Vcc or Vss via resistors after these

pins are set to the input mode, or leave these pins open after
they are set to the output mode (Note 1).

E Leave this pin open.

XouT (Note 2)

AVcc Connect this pin to pin Vcc.
AVss, VREF, BYTE Connect these pins to pin Vss.

Notes 1: When leaving these pins open after they are set to the output mode, note the following: these pins
function as input ports 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
pins function as input ports.

Software reliability can be enhanced when the contents of the above ports’ direction registers are

set 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 is applied when an external clock is input to pin XIN.

m When setting ports to input mode m When setting ports to output mode
PO-P8 /\/\/\/ PO-P8 —— Left open
: & 2
E E 4 E —
cﬂ) Xour | Leftopen :ll Xour | Leftopen
w w
cé) Ve cé) Vee
I I
oY) AVcc @
>< Aves >< AVcc
>>§ VRer § A\\//SS
REF
T BYTE T BYTE
o jv)
V/a VSS /e VSS

Fig. 1.3.1 Examples of handling unused pins in single-chip m ode
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OVERVIEW

1.3 Pin description

(2) In memory expansion mode

Table 1.3.5 Examples of handling unused pins in memory expan sion mode

Pins Handling example

P42-P47, P5-P8 Connect these pins to pin Vcc or Vss via resistors after these

pins are set to the input mode, or leave these pins open after
they are set to the output mode (Notes 1, 2, and 7).

BHE (Note 3) Leave this pin open. (Note 5)

ALE (Note 4)

HLDA

XouT (Note 6) Leave this pin open.

HOLD, RDY Connect these pins to pin Vcc via resistors after these pins are

set to the input mode. (These pins are pulled high.) (Note 2)

AVcc

Connect this pin to pin Vcc.

AVss, VREF Connect these pins to pin Vss.

Notes 1:

w

When leaving these pins open after they are set to the output mode, note the following: these pins
function as input ports 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
pins function as input ports. Software reliability can be enhanced when the contents of the above
ports’ direction registers are set 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).
: This is applied when “H” level is input to pin BYTE.
: This is applied when “H” level is input to pin BYTE and the accessible area has a capacity of 64

Kbytes.

: When Vss level is applied to pin CNVss, note the following: this pin functions as an input port from

reset until the processor mode is switched to the memory expansion mode by software. Therefore,
a voltage level of this pin is undefined and the power source current may increase while this pin
functions as an input port.

. This is applied when an external clock is input to pin XIN.
. Set pin P42/¢1 as pin P42. (Clock ¢v output is disabled.) And then, for this pin, do the same

handling as that for pins P43 to P47 and P5 to P8.

m When setting ports to input mode m When setting ports to output mode

P4:-P47, P5-P8 —A\AN— P4.-P47, P5-P8 — Left open

BHE——
ALE— Left open
HLDA—

BHE ——

ALE — | eft open
HLDA ——

Xour — Left open Xour— Left open

Vce Vee

HOLD
RDY
AVce

AVss AVss
VRer VRer
7i7- Vss 777~ \/ss

daAXXXEGHWEELLEIN
daAXXXEHWEELLEIN

Fig. 1.3.2 Examples of handling unused pins in memory expans ion mode
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1.3 Pin description

(3) In microprocessor mode

Table 1.3.6 Examples of handling unused pins in microprocess or mode

Pins Handling example

P43-P47, P5-P8 Connect these pins to pin Vcc or Vss via resistors after these

pins are set to the input mode, or leave these pins open after
they are set to the output mode (Notes 1 and 2).

BHE (Note 3) Leave this pin open. (Note 5)

ALE (Note 4)

HLDA, ¢

XouT (Note 6) Leave this pin open.

HOLD, RDY Connect these pins to pin Vcc via resistors after these pins are
set to the input mode. (These pins are pulled high.) (Note 2)

AVcc Connect this pin to pin Vcc.

AVss, VREF Connect these pins to pin Vss.

Notes 1. When leaving these pins open after they are set to the output mode, note the following: these pins

w

function as input ports 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
pins function as input ports.

Software reliability can be enhanced when the contents of the above ports’ direction registers are
set 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).
: This is applied when “H” level is input to pin BYTE.
: This is applied when “H” level is input to pin BYTE and the accessible area has a capacity of 64

Kbytes.

: When Vss level is applied to pin CNVss, note the following: this pin functions as an input port from

reset until the processor mode is switched to the microprocessor mode by software. Therefore, a
voltage level of this pin is undefined and the power source current may increase while this pin
functions as an input port.

: This is applied when an external clock is input to pin XIN.

m When setting ports to input mode m When setting ports to output mode
P4s-P47, P5-P8 —A\/N\/\,— P4:—P47, P5—P8 —— Left open
< _ < __
w BHE[— w BHE ——
N N e vetopen
w w HLDAF—
w fi— w L
< <
T Xout — Left open T Xour— Left open
w o)
>< Vce >< Vce
X _ X S
X HOLD > HOLD
T RDY T1 RDY
Y, AVce o AVce
AVss AVss|
VRer VRer
717~ Vss 717~ Vss

Fig. 1.3.3 Examples of handling unused pins in microprocesso r mode
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1.4 Block diagram

1.4 Block diagram
Figure 1.4.1 shows the M37733MHBXXXFP block diagram.
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1.4 Block diagram
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CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit

2.1 Central processing unit

The CPU of the 7733 Group has ten registers as shown in Figure 2.1.1. Each of these registers is described
below.

b15 b8 b7 b0
An AL Accumulator A (A)
b15 b8 b7 b0
BH BL Accumulator B (B)
b15 b8 b7 b0
XH XL Index register X (X)
b15 b8 b7 b0
YH YL Index register Y (Y)
b15 b8 b7 b0
SH SL Stack pointer (S)
b7 b0
DT Data bank register (DT)
b23 b16 bl5 b8 b7 b0
PG PCH PCL Program counter (PC)
b7 : bo
B A bbb bbbty Program bank register (PG)
b15 b8 b7 o]0]
DPRy DPR_ Direct page register (DPR)
b15 b8 b7 b0
PSH PSL Processor status register (PS)
b15 b0 b9 b8 b7 b6 b5 b4 b3 b2 bl bo |
0j0f(f0f0OfO0 IPL NfVIm|x|[D]|I]| Z|C
I— Carry flag
Zero flag

Interrupt disable flag
Decimal mode flag

Index register length flag
Data length flag
Overflow flag
Negative flag
Processor interrupt priority level

Fig. 2.1.1 CPU registers structure
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CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit

2.1.1 Accumulator (Acc)
Accumulators A and B are available.

(1) Accumulator A (A)
Data processing such as calculation, data transfer, or data input/output is executed mainly through
accumulator A. It consists of 16 bits and its low-order 8 bits can also be used separately. The data
length flag (m), which is a part of the processor status register, specifies whether accumulator A is
used as a 16-bit register or an 8-bit register. When the data length is 8 bits wide, 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 has the same function as accumulator A and can be used instead of accumulator A.
Note that, except for some instructions, the use of accumulator B requires more instruction bytes and
execution cycles than that of accumulator A. Accumulator B consists of 16 bits and is also affected
by the data length flag (m) just as for accumulator A.

2.1.2 Index register X (X)

Index register X consists of 16 bits and its low-order 8 bits can also be used separately. The index register
length flag (x), which is a part of the processor status register, specifies whether index register X is used
as a 16-bit register or an 8-bit register. When the index register length is 8 bits wide, only the low-order
8 bits of index register X are used and the contents of the high-order 8 bits is unchanged.

In an addressing mode where index register X is used as an index register, the address obtained by adding
the contents of index register X to the operand is accessed. In execution of a block transfer instruction
(MVP or MVN), the contents of index register X is the low-order 16 bits of the source address and the third
byte of the instruction is the high-order 8 bits of the address.

O Refer to “7700 Family Software Manual” for addressing modes.

2.1.3 Index register Y (Y)

Index register Y has the same function as index register X. Index register Y consists of 16 bits and is also
affected by the index register length flag (x) just as for index register X.

In execution of a block transfer instruction (MVP or MVN), the contents of index register Y is the low-order
16 bits of the destination address and the second byte of the instruction is the high-order 8 bits of the
address.
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2.1 Central processing unit

2.1.4 Stack pointer (S)

The stack pointer (S) consists of 16 bits and is used for an interrupt, a subroutine call, or execution of an
addressing mode where a stack is used. The contents of S indicates a store address for a register and
so on during an interrupt or a subroutine call (stack area). The stack area is set in bank 016. (Refer to
section “2.1.6 Program bank register (PG).” )

When an interrupt request is accepted, the microcomputer stores the contents of the program bank register
(PG) into an address indicated by the contents of S and decrements the contents of S by 1. Then the
microcomputer stores the contents of the program counter (PC) and the processor status register (PS).
After acceptance of an interrupt request, the contents of S becomes [S] — 5. ([S] is the initial address that
the stack pointer (S) indicates when an interrupt request is accepted.) (Refer to Figure 2.1.2.)

After processing in an interrupt routine is finished, processing for return to the original routine is performed
as follows.

When the RTI instruction is executed, the contents of registers which were stored in the stack area are
restored into the original registers. (The contents are restored PS, PC, and PG in that order.) The contents
of S is also returned to the state before acceptance of an interrupt request.

During a subroutine call, the same processing as for an interrupt is performed. The contents of PS,
however, are not automatically stored. (The contents of PG may not be stored. This depends on the
addressing mode.)

During an interrupt or a subroutine call, registers other than the above registers are not automatically
stored. Therefore, be sure to store necessary registers by software.

The contents of S is undefined at reset. Therefore, be sure to initialize S at the start of a program.
Furthermore, a stack area changes according to subroutine’s nesting or acceptance of multiple interrupts’
requests. Therefore, give careful consideration to subroutine’s nesting depth not to destroy the necessary
data.

O Refer to “7700 Family Software Manual” for addressing modes.

Stack area
Address

[S]-5

[S] — 4 | Processor status register’s low-order byte (PSL)

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

[S] -2 Program counter’s low-order byte (PCL)
[S]-1 Program counter’s high-order byte (PCH)
[S] Program bank register (PG)

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

Fig. 2.1.2 Stored registers in stack area
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2.1 Central processing unit

2.1.5 Program counter (PC)

The program counter consists of 16 bits. This counter indicates the low-order 16 bits of a store address,
which consists of 24 bits, of an instruction to be executed next, in other words an instruction which is read
from an instruction queue buffer.

At reset, value “FF16” is set to the high-order byte (PCH) of the program counter and value “FE16” is set
to the low-order byte (PCL) of the counter. And then, immediately after reset, the contents of the reset’s
vector addresses (addresses FFFE16, FFFF16) are set to the counter.

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

(b23) (b16)
b7 bo b15 b8 b7 b0

PG PCH 5 PCL

Fig. 2.1.3 Program counter and program bank register

2.1.6 Program bank register (PG)

The program bank register consists of 8 bits. (Refer to Figure 2.1.3.) This register indicates the high-order
8 bits of a store address, which consists of 24 bits, of an instruction to be executed next, in other words
an instruction which is read from an instruction queue buffer. These 8 bits indicate “bank.” The contents
of the program bank register is automatically incremented by 1 when a carry occurs in the following cases:
*When a certain value is added to the contents of the program counter

*When the displacement is added to the program counter by executing a branch instruction and others
The contents of the program bank register is automatically decremented by 1 when a borrow occurs in the
following case:

*When a certain value is subtracted from the contents of the program counter

Therefore, when normally programming, it is not necessary to give consideration to bank boundaries.
At reset, this register is cleared to “0016.”
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2.1 Central processing unit

2.1.7 Data bank register (DT)

The data bank register consists of 8 bits. In an addressing mode where the data bank register is used, the
contents of this register is processed as the high-order 8 bits (bank) of an address to be accessed, which
consists of 24 bits.

When setting a certain value to this register, execute the LDT instruction.

At reset, this register is cleared to “0016.”

O Addressing modes where the data bank register is used are listed below:
Direct ¢ indirect
Direct * indexed X e indirect
Direct ¢ indirect « indexed Y
Absolute
Absolute ¢ bit
Absolute ¢ indexed X
Absolute ¢ indexed Y
Absolute « bit « relative
Stack pointer « relative « indirect ¢ indexed Y

2.1.8 Direct page register (DPR)

The direct page register consists of 16 bits. The contents of this register specifies a direct page area to
bank 016 or an area which extends banks 016 and 116. The direct page area can be accessed with two
bytes (Note) by using the direct page addressing mode.

The contents of the direct page register indicates the base address (the lowest address) of a direct page
area which is extended to 256 bytes above this address.

Values from 000016 to FFFF16 can be set to the direct page register. When a certain value equal to or more
than “FF0116” is set to the direct page register, the direct page area is specified to an area which extends
banks 016 and 116. When the contents of low-order 8 bits of the direct page register is cleared to “001s6,”
the number of cycles required to generate the address to be accessed is decremented by 1. Therefore,
efficient access is possible.

At reset, this register is cleared to “000016.”

Figure 2.1.4 shows a setting example of direct page areas.

Note: For the DIV and MPY instructions, the direct page area is accessed with 3 bytes.
When accumulator B is used, for each instruction, the number of instruction bytes is incremented
by 1.

O Addressing modes where the direct page register is used are listed below:
Direct
Direct  bit
Direct « indexed X
Direct « indexed Y
Direct « indirect
Direct « indexed X ¢ indirect
Direct « indirect « indexed Y
Direct » indirect long
Direct « indirect long « indexed Y
Direct « bit « relative
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2.1 Central processing unit

— 016 O16
When DPR = 000016
FFie —
12316 |
When DPR = 012316
Bank 016 | 22216
FFFF16 FF1016
— When DPR = FF1016
|_ 1000016 1000F16
Bank 116

i
1]
L]

'
'
'
'

Notes 1: When the low-order 8 bits of DPR = “001s,” the number of cycles required to generate the
address to be accessed is decremented by 1.
2: When DPR = “FF0116” or more, the direct page area is specified to the area which extends
banks 016 and 11s.

Fig. 2.1.4 Setting example of direct page area
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2.1 Central processing unit

2.1.9 Processor status register (PS)

The

processor status register consists of 11 bits.

Figure 2.1.5 shows the structure of the processor status register.

b15 bl4 b13 bl2 bll bl0 b9 b8 b7 b6 b5 b4 b3 b2 bl bo

0(0|j0|0]O0 IPL N|IV|Im[x|D]|I| Z]| C| Processor status register (PS)

Note: “0” is always read from bits 11 to 15.

Fig. 2.1.5 Structure of processor status register

(1)

(2)

3

(4)

Bit 0: Carry flag (C)

This flag retains a carry or borrow which occur in the Arithmetic Logic unit (ALU) during an arithmetic
or logic operation. This flag is also affected by a shift or rotate instruction. When the BCC or BCS
instruction is executed, the program branches according to this flag’'s state. When setting this flag to
“1,” execute the SEC or SEP instruction; when clearing this flag to “0,” execute the CLC or CLP
instruction.

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. When the BNE or BEQ instruction is executed, the program branches according
to this flag’s state. This flag is ignored for an addition and subtraction instructions (the ADC and the
SBC .instructions) in the decimal mode. When setting this flag to “1,” execute the SEP instruction;
when clearing this flag to “0,” execute the CLP instruction.

Bit 2: Interrupt disable flag ()

This flag disables all maskable interrupts, in other words interrupts other than watchdog timer, the
BRK instruction, and zero division interrupts. Interrupts are disabled when this flag is “1.” When an
interrupt request is accepted, this flag is automatically set to “1” and disables multiple interrupts. When
setting this flag to “1,” execute the SEI or SEP instruction; when clearing this flag to “0,” execute the
CLI or CLP instruction.

At reset, this flag is set to “1.”

Bit 3: Decimal mode flag (D)

This flag determines whether addition and subtraction are performed in binary or decimal.

Binary arithmetic is performed when this flag is “0.”

When it is “1,” decimal arithmetic is performed. At this time, each word is processed as 2- or 4-digit
decimal data. (The digit's number is determined by the data length flag (m)).

Decimal adjust is automatically performed. (Note that a decimal operation is enabled only in execution
of the ADC or SBC instruction.)

When setting this flag to “1,” execute the SEP instruction; when clearing this flag to “0,” execute the
CLP instruction.

At reset, this flag is cleared to “0.”
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CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit

Bit 4: Index register length flag (x)
This flag determines whether index register X or index register Y is used as a 16-bit register or an
8-bit register. The register is used as a 16-bit register when this flag is “0” and as an 8-bit register
when this flag is “1.” When setting this flag to “1,” execute the SEP instruction; when clearing this flag
to “0,” execute the CLP instruction.
At reset, this flag is cleared to “0.”

Note: When data is transferred between registers which are different in bit length, the data is transferred
with the bit length of the destination register. But this is not applied to the case where the TXA,
TYA, TXB, or TYB instruction is executed. Refer to “7700 Family Software Manual” for
details.

Bit 5: Data length flag (m)

This flag determines whether data is used as 16-bit data or 8-bit data. Data is used as 16-bit data
when this flag is “0” and as 8-bit data when this flag is “1.” When setting this flag to “1,” execute the
SEM or SEP instruction; when clearing this flag to “0,” execute the CLM or CLP instruction.

At reset, this flag is cleared to “0.”

Note: When data is transferred between registers which are different in bit length, the data is transferred
with the data length of the destination register. But this is not applied to the case where the
TXA, TYA, TXB, or TYB instruction is executed. Refer to “7700 Family Software Manual” for
details.

Bit 6: Overflow flag (V)

This flag is valid when addition or subtraction is executed for each word which is processed as signed
binary data. If the data length flag (m) is “0,” the overflow flag is set to “1” when the result of addition
or subtraction exceeds the range between —32768 and +32767 and cleared to “0” in the other cases.
If the data length flag (m) is “1,” the overflow flag is set to “1” when the result of addition or subtraction
exceeds the range between —128 and +127 and cleared to “0” in the other cases. Also, the overflow
flag is set to “1” when the length of the division result obtained by the DIV instruction is longer than
that of a register where the result is to be stored. When the BVC or BVS instruction is executed, the
program branches according to this flag's state. This flag is ignored in the decimal mode. When setting
this flag to “1,” execute the SEP instruction; when clearing this flag to “0,” execute the CLV or CLP
instruction.

Bit 7: Negative flag (N)

This flag is set to “1” when the result of an arithmetic operation or data transfer is negative. (Bit 15
of the result is “1” when the data length flag (m) is “0,” or bit 7 of the result is “1” when the data length
flag (m) is “1.”) It is cleared to “0” in the other cases. When the BPL or BMI instruction is executed,
the program branches according to this flag’'s state. This flag is ignored in the decimal mode. When
setting this flag to “1,” execute the SEP instruction; when clearing this flag to “0,” execute the CLP
instruction.

Bits 8 to 10: Processor interrupt priority level (IPL)

These bits can specify one of levels 0 to 7 as the processor interrupt priority level. An interrupt is
enabled when its interrupt priority level, which is set in the interrupt control register, is higher than IPL.
When the interrupt request is accepted, the contents of IPL is stored into the stack area and the
interrupt priority level of the accepted interrupt is set in IPL.

No instruction can directly set or clear each of these bits. When changing these bits, store a desired
processor interrupt priority level into the stack area. And then, change the contents of the processor
status register by executing the PUL or PLP instruction.

At reset, the contents of IPL is cleared to “0002.”
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2.2 Bus interface unit

2.2 Bus interface unit
The microcomputer has a bus interface unit (BIU) between the central processing unit (CPU) and

memory ¢ 1/O unit. The BIU’s function and operation are described below. When connecting external devices,
refer to chapter “12. CONNECTING EXTERNAL DEVICES,” also.

2.2.1 Overview
Transfer operation between the CPU and memory ¢ I/O unit is always performed via the BIU.

O The BIU reads an instruction from the memory before the CPU executes it.

O When the CPU reads data from the memory « /O unit, the CPU informs the BIU of the address where
the data resides. The BIU reads the data from the address and pass it to the CPU.

O When the CPU writes data to the memory « 1/O unit, the CPU informs the BIU of the address where the
data resides. The BIU writes the data to the address.

O In order to realize operations O to O, the BIU inputs and outputs bus control signals and controls the
buses.

Figure 2.2.1 shows the buses and bus interface unit (BIU).
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Fig. 2.2.1 Buses and bus interface unit (BIU)
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2.2 Bus interface unit

2.2.2 Functions of bus interface unit (BIU)
The bus interface unit (BIU) consists of four registers shown in Figure 2.2.2. Table 2.2.1 lists each register’s
function.

b23 bo
PA | Program address register
b7  bo
-7
:
- - Instruction queue buffer
1
.
b23 bo
| DA | Data address register
b15 b0
| DBH | DBL | Data buffer

Fig. 2.2.2 Registers’ structure of which bus interface unit (BIU) consists

Table 2.2.1 Each register’s function

Name Functions
Program address register | Indicates a store address for an instruction which is next fetched into an instruction
queue buffer.
Instruction queue buffer Temporarily stores an instruction which was fetched.
Data address register Indicates an address for data which is next read or written.
Data buffer Temporarily stores data which was read from the memory « 1/O unit by the BIU
or which is to be written to the memory ¢ 1/O unit by the CPU.
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2.2 Bus interface unit

The CPU and buses operate on the basis of different signals (Note). Between the CPU and buses,
therefore, data is passed or received via the BIU. Owing to the BIU's operation, the CPU can operate at
high speed without waiting for the access by the low-speed memory ¢ 1/O unit.

When an external device is connected, it is necessary to secure an access time according to the external
device’s timing specifications. In this case, in order to secure an access time, the BIU extends the duration
of signals required for the access.

Note: The CPU operates on the basis of gcpu. The period of gcpu is normally the same as that of @
The internal buses operate on the basis of E. The period of E is at least twice that of ¢.

The BIU’s functions are described below.

(1) Reading out instruction (Instruction prefetch)
When the CPU does not request to read or write data, that is, when buses are not in use, the BIU
reads instructions from the memory and stores them in an instruction queue buffer. This is called
“instruction prefetch.”
The CPU reads instructions from the instruction queue buffer and executes them. Therefore, the CPU
can operate at high speed without waiting for the access by the low-speed memory.
When the instruction queue buffer becomes empty or stores only 1 byte of an instruction, the BIU
prefetches a new instruction code. The instruction queue buffer can store instructions up to 3 bytes.
The contents of the instruction queue buffer is initialized when a branch or jump instruction is executed
and the BIU reads a new instruction code from the destination address.
If instructions in the instruction queue buffer are insufficient for the CPU’s request, the BIU extends
the “L”-level duration of clock @cpu in order to keep the CPU waiting until the BIU fetches the
requested number of instructions or more.

(2) Writing data to memory « 1/O
The CPU informs the BIU’s data address register of an address to which data is written and writes
the data to the data buffer. The BIU outputs the address received from the CPU to the address bus
and writes the data in the data buffer to the specified address.
While the BIU is writing data to the specified address, the CPU advances to the next process without
waiting for completion of BIU’s write operation.
Note that while the BIU uses buses for instruction prefetch, the BIU keeps the CPU waiting even when
the CPU requests to write data.

(3) Signal input/output for access to external device
When accessing external devices, the BIU inputs and outputs signals required for the access. (For
details, refer to chapter “12. CONNECTING EXTERNAL DEVICES." )
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2.2 Bus interface unit

2.2.3 Operation of bus interface unit (BIU)

Figure 2.2.3 shows the basic operating waveforms of the bus interface unit (BIU). When accessing external
devices, some signals which are input or output to or from the external are required. For details about
these signals, refer to chapter “12. CONNECTING EXTERNAL DEVICES.”

(1) When fetching an instruction into an instruction queue buffer

O When an instruction which is next fetched resides at an even address
The BIU fetches two bytes of the instruction with waveform (a).
Note that when an external device which is connected by an 8-bit external data bus (BYTE = “H")
is accessed, only one byte of the instruction is fetched.

0O When an instruction which is next fetched resides at an odd address
The BIU fetches only one byte of the instruction with waveform (a). The contents at an even
address is not fetched into an instruction queue buffer.

(2) When reading or writing data from or to memory « I/O

O When accessing 16-bit data which starts from an even address, waveform (a) is applied. The 16-
bit data is accessed at a time.

O When accessing 16-bit data which starts from an odd address, waveform (b) is applied. The 16-bit
data is accessed by the 8 bits. Invalid data is not fetched into a data buffer.

O When accessing 8-bit data at an even address, waveform (a) is applied. Data at an odd address
is not fetched into a data buffer.

O When accessing 8-bit data at an odd address, waveform (a) is applied. Data at an even address
is not fetched into a data buffer.

For instructions which are affected by the data length flag (m) or index register length flag (x), an
operation is applied as follows:

* When “m” or “x” = “0,” operation O or O is applied.

* When “m” or “x” = “1,” operation O or [] is applied.
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(@)

(b)

E

Internal address bus
(Ao to Azs)

Internal data bus
(Do to D7)

Internal data bus
(Ds to Das)

E

Internal address bus

(Ao to Azs)

Internal data bus
(Do to D7)

Internal data bus
(Ds to Das)

Address ><

>< Data (Even address)

>< Data (Odd address)

— =

D< Address (Odd address) >< Address (Even address) ><
>< Invalid data >< Data (Even address)
>< Data (Odd address) >< Invalid data

Fig. 2.2.3 Basic operating waveforms of bus interface unit (BIU)
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2.3 Accessible area

2.3 Accessible area

Figure 2.3.1 shows the M37733MHBXXXFP’s accessible area.

Although the program counter (PC) consists of 16 bits, it can access the 16-Mbyte area at addresses 016
to FFFFFF16, combined with the program bank register (PG). For details about access to the external, refer
to chapter “12. CONNECTING EXTERNAL DEVICES.”

The memories and I/O units are allocated in the same accessible area. Therefore, operations such as data
transfer, arithmetic, and others can be performed with the same instructions. (It is not necessary to distinguish
the memories and 1/O units.)

* SFR : Special Function Register
00000016 A
SFR area
00007F16
00008016
Internal RAM area
O00FFF1s6 L Bank O1s
00100016
OOFFFF1s v
01000016 A
Internal ROM area|
Bank 116
01FFFF1s
02000015 . .
FEQ0001s =7 77="""""""""" 'y
: Bank FE16
____________________ : v
FF000016 : : A
' ' Bank FF16
[] represents the memory allocation of internal
' : areas.
FEFFFF1s | : T "1 indicates that nothing is allocated.
Note: Memory allocation of the internal area in bank 016 depends on the microcomputer’s type and
settings of the memory allocation selection bits.
The above diagram shows the M37733MHBXXXFP’s accessible area immediately after reset.
For the other microcomputers of the 7733 Group, refer to section “Appendix 1. Memory
allocation of 7733 Group.” For settings of the memory allocation selection bits, refer to section
“2.4 Memory allocation .”

Fig. 2.3.1 M37733MHBXXXFP’s accessible area
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2.3 Accessible area

2.3.1 Banks

The accessible area is divided by the 64 Kbytes. This 64-Kbyte area is called “bank.” The high-order 8 bits
of an address, which consists of 24 bits, indicate the bank. A bank is specified by the program bank
register (PG) or data bank register (DT). Each bank can be accessed efficiently by using an addressing
mode where the data bank register (DT) is used.

At each bank’s boundary, when an overflow occurs in the program counter (PC), the contents of the
program bank register (PG) is incremented by 1; when a borrow occurs in the program counter (PC), the
contents of the program bank register (PG) is decremented by 1. Accordingly, when normally programming,
it is not necessary to give consideration to bank boundaries.

2.3.2 Direct page

A 256-byte area specified by the direct page register (DPR) is called “direct page.” When setting a direct
page, set the base address (the lowest address) of an area which is to be specified as a direct page to
the direct page register (DPR). (Refer to section “2.1.8 Direct page register (DPR).” )

By using a direct page addressing mode, a direct page can be accessed with less instruction cycles.
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2.4 Memory allocation

2.4 Memory allocation

The internal area’s memory allocation is described below. For the external area, refer to section “2.5
Processor modes.”

2.4.1 Memory allocation in internal area
SFR (Special Function Register), internal RAM, and internal ROM are allocated in the internal area.

(1) SFR (Special Function Register) area
Registers required for setting internal peripheral devices are allocated to addresses 016 to 7F16. This
area is called “SFR (Special Function Register) area.” Figure 2.4.4 shows the SFR area’s memory
map.
For each register in the SFR area, refer to the corresponding functional description.
For the state of the SFR area immediately after reset, refer to section “13.1.2 State of CPU, SFR area
and internal RAM area.”

(2) Internal RAM area
In the M37733MHBXXXFP, a 3968-byte static RAM is allocated to addresses 8016 to FFF16 (Note).
The internal RAM area is used as a data store area and as a stack area. Therefore, it is necessary
to give careful consideration to nesting levels in subroutines and multiple interrupts’ levels not to
destroy necessary data.

(3) Internal ROM area

In the M37733MHBXXXFP, a 124-Kbyte mask ROM is allocated to addresses 100016 to 1FFFF16
immediately after reset (Note). The internal ROM’s size and area can be changed by the memory
allocation selection bits (bits 0 to 2 at address 6316). Figure 2.4.1 shows the structure of the memory
allocation control register and its setting method. Figures 2.4.2 and 2.4.3 show the M37733MHBXXXFP’s
memory map. (Refer to section “Appendix 9. Q & A. ") Vector addresses for reset and interrupts
(interrupt vector table) are allocated to addresses FFD616 to FFFF16 in the internal ROM. In the
microprocessor mode, where the internal ROM area is inhibited from use, the ROM must be allocated
to addresses FFD616 to FFFF16.

Note: For the other microcomputers of the 7733 Group, refer to section “Appendix 1. Memory allocation
of 7733 Group .”
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b7 b6 b5 b4 b3 b2 bl bo

0(0 Memory allocation control register (address 63 16) (Note 3)
S Bit Bit name Functions Atreset | RW
P : : b : : Memory allocation selection bits bbb ROM size ROM size
e 0 (Notes 1 and 2) 000: 124 Kbytes, 3968 bytes 0 RW
s 00 1: 120 Kbytes, 3968 bytes
e 01 0: 60 Kbytes, 2048 bytes
e 01 1: Do not select.
N 10 0: 32 Kbytes, 2048 bytes
R 1 10 1: 16 Kbytes, 2048 bytes 0 RW
e 11 0: 96 Kbytes, 3968 bytes
e 11 1: Do not select.
S aREtes 2 0 | RW
Pooro ] 3 | Must be fixed to “0.” (Note 1) 0 RW
S ELELEt 4 0 | RW
Voo . Un-
_______ Jeaeceeecacaaaaaaaa----|7 to 5| Notimplemented. defined |

Procedure

Notes 1: The case where value “5516” is written in O of the procedure listed below is not included.
2: When changing these bits, this change must be performed in an area which is internal

ROM area before and after this change, for example addresses 00C000 16 to OOFFFF1s.
Also, when changing these bits, be sure to follow the procedure listed below.

3: This figure is applied only to the M37733MHBXXXFP. For the other microcoputers,

please refer to the latest datasheets on the English document CD-ROM or our Web site.

0 By using the LDM instruction, write value “5516” to address 6316.
(By this, writing to the memory allocation selection bits is enabled.)

address 6316.

(Values of b2, b1, and b0 shown in the above Figure)

0 By using the LDM instruction, write value “00000XXX 2" to

Writing is performed

by the next instruction.

Note: When changing bits 2 to 0, be sure
to follow this procedure.

Fig. 2.4.1 Structure of memory allocation control

register and its setting method
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« Memory allocation selection bits (b2, b1, b0)=(0, 0, 0) * Memory allocation selection bits (b2, b1, b0)=(0, 0, 1)

* ROM size: 124 Kbytes * ROM size: 120 Kbytes
* RAM size: 3.9 Kbytes * RAM size: 3.9 Kbytes
~ A 00000016 sFRaea | 00000016 SFR ~ 00000016
00007F16 aes 00007F16 area
00008016 Internal RAM ared| 00008016 Internal RAM area . .
3968 bytes 3968 bytes Peripheral device
OO0OFFF16 000FFF16 control registers
00100016 (4 Kbytes) (SFR)
) 00200016 Refer to
Bank 016 N i
Internal ROM ared| Internal ROM area Appendix 2.
60 Kbytes 56 Kbytes 00007F16,
Y OOFEFRe| . OOFFFF1e| ... Interrupt vector
A 01000016 01000016 | table
“\ 00FFD616—A-D/UART2 trans./rece—
\‘\ —UART1 transmission—|
“‘ — UARTL reception —
Bank 1 Internal ROM area| Internal ROM area —UARTO transmission—
ank 116 \
64 Kbytes 64K bytes | — UARTO reception —
\“ — Timer B2 —
“‘ — Timer B1 —
“\ — Timer BO —
‘\ — Timer A4 —
_YOIFFFF6| | . O1FFFF16 [ TimerA3
A 02000016 —  TimerA2 = —|
\ — Timer A1 —
Y — Timer AO —
\ — INT2/Key input —
\\‘ — m —
Bank 216 L INTo —
\ — Watchdog timer —
N DBC —
' — BRK nstruction —
Y —  Zerodivide —]
OOFFFElﬁ_ RESET _]
.Y 02FFFF16.
e A\ o A\
______________ : Unused area in the single-chip
FF000016 mode
External memory area in the
memory expansion or
microprocessor mode
Bank FF16
Y FRRFFRIS] | ] FFFFFF16

Notes 1: Access to internal ROM area is disabled in the microprocessor mode.
(Refer to section “2.5 Processor modes.”)
2: Banks 1016 to FF16 cannot be accessed in the 7735 Group and in external bus mode B of
the 7736 Group. (Refer to section “Appendix 1 in part 2.”)

Fig. 2.4.2 M37733MHBXXXFP’s memory map (1)
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2.4 Memory allocation

+ Memory allocation selection bits (b2, b1, b0)=(0, 1,0) *Memory allocation selection bits (b2, b1, b0)=(1, 0, 0)
« ROM size: 60 Kbytes * ROM size: 32 Kbytes
* RAM size: 2048 bytes * RAM size: 2048 bytes
A 00000016 - oo000016] | 00000016
00007F16 SFR area  00007F1s SFR area
00008016 | |nternal RAM area 00008016 |nternal RAM area . .
00087F16| 2048 bytes 00087F16| 2048 bytes | Peripheral device
16 control registers
(1.9 Kbytes) . (SFR)
00100016 (29.9 Kbytes) Refer to
Bank 016 Appendix 2.
IntergglKFEStl\élsarea 00800016 .
Internal ROM area 00007F16
32 Kbytes Interrupt vector
_____ 00FFFF16 ... OOFFFF1g blo
A 01000016 01000016 \
Y OOFFD616|— A-DUART2 trans./rece. —
\‘ — UART1 transmission —
Y — UART1 reception —
\\ — UARTO transmission —|
Bank 116 \ — UARTO reception —
' — Timer B2 —
\‘ — TimerB1  —j
\‘ — TimerBO  —]
‘\\ — Timer A4 —
‘\\ — Timer A3 —|
_.Y 01FFFF16 —  TimerA2 —
A 02000016 — Timer Al —
" — Timer A0  —
" — INT2/Key input —
— INTL —
— NTo —
Bank 216 ' — Watchdog timer —
Lo DBC —
‘\\ — BRK instruction —
\\ — Zero divide —
OOFFFE16—  Reser  —
__Y O2FFFF16
A A ~ "
A FF000016
: Unused area in the single-chip mode
External memory area in the
memory expansion or
microprocessor mode
Bank FF16
Y FRFRFRS) | FFFFFF16
Notes 1: Access to internal ROM area is disabled in the microprocessor mode.
(Refer to section “2.5 Processor modes.”)
2: Banks 1016 to FF16 cannot be accessed in the 7735 Group and in external bus mode B of
the 7736 Group.

Fig. 2.4.3 M37733MHBXXXFP’s memory map (2)
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2.4 Memory allocation

* Memory allocation selection bits (b2, b1, b0)=(1, 0, 1)
* ROM size: 16 Kbytes
* RAM size: 2048 bytes

» Memory allocation selection bits (b2, b1, b0)=(1, 1, 0)
* ROM size: 96 Kbytes
* RAM size: 3968 bytes

A 00000016 00000016 00000016
00007F16 SFR area  00007F1s SFR area
1 N
(())(())223212 Inte;rg)%{lgR@ll/és req 00008016 Internal RAM area Peripheral device
3968 bytes control registers
000FFF16 (SFR)
00100016
(28 Kbytes) Refer to
Bank 016 (45.9 Kbytes) Appendix 2.
00800016 N
00C00016 Internal ROM area| 00007F16
Internal ROM ared| 32 Kbytes
_____ OOFFFF1s|  16Kbytes | ooFFFFus Ead e
A 01000016 01000016 T
“\ 0O0FFD616|— A-D/IUART? trans./rece. —]
\‘ — UART1 transmission —|
‘\\ — UART1 reception —
‘\‘ — UARTO transmission —
Bank 116 Internal ROM area| '\ — UARTO reception —
64 Kbytes — TimerB2  —|
\ — Timer Bl —
\ — TimerBO  —
s — Timer A4 —
\‘ — Timer A3 —
Y OIFFFF6| | 01FFFF16 —  TimerA2 —
A 02000016 \‘ — Timer A1 —
\\\ — Timer AO —
L — INT2/Key input —
— INT: —
— T —
Bank 216 \ — Watchdog timer —
Lo ‘DBC —
‘\\ — BRKnstruction —
‘\ — Zero divide  —]
OOFFFE16[— RESET  —
__Y O2FFFF16
~ ~ e e
A FF000016
I:I - Unused area in the single-chip mode
External memory area in the
memory expansion or
microprocessor mode
Bank FF16
Y FRFRFRS] | ] FFFFFF16

Notes 1: Access to internal ROM area is disabled in the microprocessor mode.
(Refer to section “2.5 Processor modes.”)
2: Banks 1016 to FF16 cannot be accessed in the 7735 Group and in external bus mode B of
the 7736 Group.

Fig. 2.4.4 M37733MHBXXXFP’s memory map (3)
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2.4 Memory allocation

Address (Hexadecimal notation) Address (Hexadecimal notation)
000000 000040 |Count start flag
000001 000041
000002 |Port PO register 000042 |One-shot start flag
000003 |Port P1 register 000043
000004 |[Port PO direction register 000044 |Up-down flag
000005 |[Port P1 direction register 000045
000006 |Port P2 register 000046 Timer AO register
000007 |Port P3 register 000047
000008 |Port P2 direction register 000048 ) .
000009 |Port P3 direction register 000049 Timer Al register
00000A |Port P4 register 00004A Timer A2 register
00000B |[Port P5 register 00004B
00000C |Port P4 direction register 00004C . .
00000D |Port P5 direction register 00004D Timer A3 register
000O0OE |Port P6 register 00004E Timer Ad register
00000F |Port P7 register 00004F
000010 |Port P6 direction register 000050 Timer BO register
000011 |Port P7 direction register 000051
000012 |Port P8 register 000052 Timer B1 register
000013 000053
000014 |Port P8 direction register 000054 ) .
000015 000055 Timer B2 register
000016 000056 |Timer A0 mode register
000017 000057 |Timer A1 mode register
000018 000058 |Timer A2 mode register
000019 000059 |[Timer A3 mode register
00001A 00005A |Timer A4 mode register
00001B 00005B | Timer BO mode register
00001C |Reserved area (Note) 00005C |Timer B1 mode register
00001D |Reserved area (Note) 00005D |Timer B2 mode register
000O01E |[A-D control register 0 0O0OO05E [Processor mode register 0
00001F |A-D control register 1 00005F |Processor mode register 1
000020 ) 000060 |Watchdog timer register
000021 A-Dregister 0 000061 |Watchdog timer frequency selection flag
000022 ) 000062 |Reserved area (Note)
000023 A-Dregister 1 000063 |Memory allocation control register
000024 AD register 2 000064 |UART2 transmit/receive mode register
000025 000065 |UART2 baud rate register (BRG2)
8888;? A-D register 3 88882? UART2 transmission buffer register
000028 ) 000068 |UART2 transmit/receive control register 0

A-D register 4 - " -

000029 000069 |UART2 transmit/receive control register 1
8883;@ A-D register 5 88882’;‘ UART2 receive buffer register
00002C AD register 6 00006C |Oscillation circuit control register 0
00002D 00006D |Port function control register
00002E AD register 7 00006E |Serial transmit control register
00002F 00006F |Oscillation circuit control register 1
000030 |[UART 0 transmit/receive mode register 000070 |A-D/UART?2 trans./rece. interrupt control register
000031 [UART 0 baud rate register (BRGO) 000071 |UART O transmission interrupt control register
000032 UART 0 transmission buffer register 000072 |UARTO receivg in_tem_;pt control register :
000033 000073 |UART 1 transmission interrupt control register
000034 |UART 0 transmit/receive control register 0 000074 |UART 1 receive interrupt control register
000035 |UART 0 transmit/receive control register 1 000075 |Timer A0 interrupt control register
000036 ) ) 000076 |Timer Al interrupt control register
000037 UART O receive buffer register 000077 |Timer A2 interrupt control register
000038 |[UART 1 transmit/receive mode register 000078 |Timer A3 interrupt control register
000039 |UART 1 baud rate register (BRG1) 000079 |Timer A4 interrupt control register
00003A UART 1 transmission buffer register 00007A |Timer BO interrupt control register
00003B 00007B |Timer Bl interrupt control register
00003C |UART 1 transmit/receive control register 0 00007C |Timer B2 interrupt control register
00003D |UART 1 transmit/receive control register 1 00007D [INTo interrupt control register
00003E ) ) 00007E |[INT1 interrupt control register
00003F UART 1 receive buffer register 00007F [INT2/Key input interrupt control register

Note: Writing to reserved area is disabled.

Fig. 2.4.5 SFR area’s memory map
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2.5 Processor modes

2.5 Processor modes

The M37733MHBXXXFP can operate in the following three processor modes: single-chip mode, memory
expansion mode, and microprocessor mode. In the M37733MHBXXXFP, some pins’ functions, memory
allocation, and accessible area differ according to processor modes. These differences according to processor
modes are described below. Figure 2.5.1 shows the memory map in each processor mode.

Single-chip mode Memory expansion mode Microprocessor mode
ooooooss[ [ [ T
SFR area SFR area SFR area
ooo080ws| [ | 7T
Internal Internal Internal
RAM area RAM area RAM area
O0OFFF6| V'
00100016
Internal Internal
ROM area ROM area
(Note 2) (Note 2)
OlFFFF6| |
02000016
FFFFFF16| |
Notes 1: [_] represents external memory area.
By accessing this area, an external device connected to the M37733MHBXXXFP
can be accessed.
2: This is applied when the contents of memory allocation selection bits (bits 2 to 0 at
address 6316) = “0002."
3: For the 7733 Group’s microcomputers other than the M37733MHBXXXFP, refer to
section “Appendix 1. Memory allocation of 7733 Group.”

Fig. 2.5.1 Memory map in each processor mode (M37733MHBXXXFP)
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2.5 Processor modes

2.5.1 Single-chip mode

When not using an external device, this mode is used. In this mode, ports PO to P8 function as programmable
I/0 ports. (When using internal peripheral devices, they function as 1/0 pins.) Only the internal area (SFR,
internal RAM, and internal ROM) can be accessed.

Output of E can be stopped by software. (Refer to section “12.1 Signals required for accessing external
devices. ")

2.5.2 Memory expansion and Microprocessor modes

When connecting an external device, these modes are used. In these modes, an external device can be
connected to an arbitrary area in the 16-Mbyte accessible area. For access to an external device, refer to
chapter “12. CONNECTING EXTERNAL DEVICES.”

The memory expansion and microprocessor modes have the same functions except for the followings:

O In the microprocessor mode, access to the internal ROM area is forcibly disabled. This area is handled
as the external area.
O In the microprocessor mode, port P42 functions as a clock ¢v output pin. (Note)

In the memory expansion and microprocessor modes, pins PO to P3, P40, and P41 function as 1/O pins for
signals required for access to an external device. Therefore, these pins cannot be used as programmable
I/O ports.

If an external device is connected to a certain area which is allocated to the internal area, when this area
is read, data in the internal area is fetched into the central processing unit (BIU) but data in the external
area is not fetched; when data is written to this area, the data is written to the internal area and signals
are output to the external at the same timing as writing to the internal area.

Note: Output of clock ¢1 can be stopped by software. (For details, refer to section “12.1 Signals required
for accessing external devices. ")

Figure 2.5.2 shows the pin configuration in each processor mode. Table 2.5.1 lists the relationship between
processor modes and functions of PO to P4.

For each pin’s function, refer to section “1.3 Pin description, ” chapters “3. PROGRAMMABLE 1/0 PORTS”
to “9. A-D CONVERTER” and “12. CONNECTING EXTERNAL DEVICES.”
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2.5 Processor modes

<Single-chip mode>

<> P8s/CLK1

[=]<> P86/RxD1

[£]< > P84/CTS1/RTS1
=]<> P87/TxD1

H

P83/TxDo <65 ]
P82/RxDo/CLKS0 <—>|66 ]
P81/CLKo <>
P80/CTSo/RTS0/CLKS1 <—>[68]

O

Vce 69 |
AVcc
VREF —>|
AVss
Vss

P77/AN7/XcIN <>|74]
P76/AN6/XcouT <>
P75/ANs/ADTRG/TXD2 <>
P74/AN4/RxD2 < >|
P73/AN3/CLK2 <>
P72/AN2/CTS2 <>
P71/AN1 <>[g0]

(O

M37733MHBXXXFP

P24

P2s

P26

P27

P30

P31

P32

P33

Vss

E

Xout

XIN
RESET
CNvss 1
ByTEDL
P4o

P70/ANo <—>E_]

P67/TB2IN/F sus <—>b_]

P66/TBLiN <—>f_]

<> P86/RxD1

| 2]1<> P84/CTS1/RTS1
<> P87/TxD1

L 21<> P8s/CLK1

| 2]
[ =]

P56/TA30uT/Kl2 <>E_]

P54/TA20ut/Klo <>k_J

P64/INT2 <>f_]

P57/TA3IN/KI3 <>

P5s/TA2iN/KI1 <>

P63/INT1 <>p_]

P65/TBOIN <>
P62/INTo <>E]
P61/TA4IN < >f_]
P60/TAdout <>
P53/TALN <>k_]
P52/TAlout <>kl
P51/TAOIN <>
P50/TAQout <>

<Memory expansion and Microprocessor modes>

<> A10/D10
<> A11/D11
<> A12/D12
<> A13/D13
<> A14/D14
<> Ais/D15

Az16/Do
<> A17/D1
<> Ai8/D2

=

| 5]
| 5]
B
| 5]
[ 5]

A

\

& 01 Connect this pin to Vss in
the single-chip mode.

: These pins’ functions in the single-chip mode
differ from those in the memory expansion or
microprocessor mode.

o
c
<

A

\

P83/TxDo <>
P82/RxDo/CLKS0 <> 66 ]
P81/CLKo <>
P80/CTSo/RTS0o/CLKS1 <>es ]

OW

P77/AN7/XcIN <>
P76/ANs/XcouT <—>|
P75/ANs/ADTRG/TXD2 <>|
P74/AN4/RxD2 <>
P73/AN3/CLK2 <>
P72/AN2/CTS2 <>|
P71/AN1 <>[g0]

@)

M37733MHBXXXFP

Hr
> |
[« |

P70/AN0 <>

P67/TB2iN/F suB <>
P66/TBLIN <>

I L
R R
Yovy Yoy
ZIN[H[O Z FONHO Z F Z N © WS 0o
SHEFFEFEFSATITITIT S OE DT I T I A,
8‘2‘2 z3 3lelzlelz d522ddaaak
=== < ZE 2 E - (=] I
tvmwt(zﬁg&gt(t( <
SRR oEtasd8EsE iy
a Q‘gkf—tﬁf—(agﬂ'g S
0wy
Qi
a o

RDY

02 £ 1in the microprocessor mode
: These pins’ functions in the single-chip mode
differ from those in the memory expansion or

microprocessor mode.

Fig. 2.5.2 Pin configuration in

each processor mode (Top vie

w)
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2.5 Processor modes

Table 2.5.1 Relationship between processor modes and functions of PO to P4

Processor mode Single-chip mode Memory expansion and
Pin name Microprocessor modes
X P X X mom X
PO P: Functions as a programmable
1/0 port.
:X P X: m When external data bus is 16 bits wide (BYTE = “L")
P: Functions as a programmable :X A5 10 As X D(odd) )C
P1 I/Q port. D(odd): Data at odd address

® When external data bus is 8 bits wide (BYTE = “H")

:X A1s to As X:

:X P X: m When external data bus is 16 bits wide (BYTE = “L")
P: Functions as a programmable X A2z to A16X D(even) X
VG port. D(even): Data at even address
P2
m When external data bus is 8 bits wide (BYTE = “H")
X A23 to A16X D )(
D: Data
>< P x P33 x HLDA X
P: Functions as a programmable
/0 port. P32 ALE
P3
P31 X BHE X
P30 _ X Riw X
>< P x P47 to P43 X P X
P: Functions as a programmable P: Functions as a programmable 1/O port.
1/O port.
por (Note 1) P42 | P | ] | (Note 2)
P4

Zh G &
P40:X HOLD X:

Notes 1: Pin P42 can also function as a clock f 1 output pin. (Refer to chapter “12. CONNECTING EXTERNAL DEVICES.")
2: In the memory expansion mode, this pin functions as a programmable 1/O port. Furthermore, it can be switched to be a clockf 1
output pin when selected by software. In the microprocessor mode, this pin is affected by the signal output disable selection bit
(bit 6 at address 6Cz16). (Refer to chapter“12. CONNECTING EXTERNAL DEVICES.")
3: The above table indicates the change of pin functions owing to the switching of the processor mode.
For each signal’s I/0O timing in the memory expantion or microprocessor mode, refer to chapters’' 12. CONNECTING EXTERNAL
DEVICES”and “15. ELECTRICAL CHARACTERISTICS.”
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2.5 Processor modes

2.5.3 Selection of processor mode
A processor mode can be selected by setting a voltage applied to pin CNVss and the processor mode bits
(bits 1 and O at address 5E16).

e When Vss level is applied to pin CNV ss

After reset, the microcomputer starts operating in the single-chip mode. After the microcomputer starts
operating, the processor mode can be switched by the processor mode bits. When the contents of the
processor mode bits = “012,” the memory expansion mode is selected; when the contents of these bits
= “102,” the microprocessor mode is selected. After the processor mode bits are set, the processor
mode is actually switched at the rising edge of signal E. Figure 2.5.3 shows the pin function switch
timing when the processor mode is switched from the single-chip mode to the memory expansion or
microprocessor mode by setting the processor mode bits. Note that, when the processor mode is
switched during the program execution, the contents of the instruction queue buffer is not initialized.
(Refer to section “Appendix 9. Q & A. ")

e When Vcc level is applied to pin CNV ss

After reset, the microcomputer starts operating in the microprocessor mode. In this case, the microcomputer

cannot operate in the other modes. (Fix the processor mode bits to “102.”)

Table 2.5.2 lists the method of selecting the processor mode. Figure 2.5.4 shows the structure of the
processor mode register O.

Writing to the processor mode bits

I
- -

mi

PO7 Programmable 1/0O port P07 ><External address bus A7

Note: Functions of pins POo to POs, P1 to P3, P4o to P42 are switched at the timing shown above.
Function of pin P42 is, however, switched only when the processor mode is switched to
microprocessor mode.

Fig. 2.5.3 Pin function switch timing
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2.5 Processor modes

Table 2.5.2 Method of selecting processor mode

. Processor mode bits
Processor mode Pin CNVss's level
bl b0
Single-chip mode Vss (0 V) (Note 1) 0 0
Memory expansion mode Vss (0 V) (Note 1) 0 1
) Vss (0 V) (Note 1)
Microprocessor mode 1 0
Vce (5 V) (Note 2)

Notes 1: The microcomputer starts operating in the single-chip mode after reset. By setting the processor
mode bits, the processor mode of the microcomputer can be switched from the single-chip mode
to the other modes.

2: The microcomputer starts operating in the microprocessor mode after reset. The microcomputer
cannot operate in the other modes. Accordingly, so fix the processor mode bits (bits 1 and 0 at
address 5E16) to “102.”

b7 b6 b5 b4 b3 b2 bl b
Processor mode register O (address 5E16)
P Bit Bit name Functions Atreset | RW
P . b1 bo
oo 0 Processor mode bits 0 0: Single-chip mode 0 RW

. 0 1: Memory expansion mode
. 1 0: Microprocessor mode

et 1 1 1: Do not select. 0 RW
: (Note 1)
R 2 | wait bit 0: Software wait is inserted when 0 RW

accessing external area.
1: No software wait is inserted
when accessing external area.

[ 3 | Softwarctae®t bit Microcomputer is reset by 0 WO
: setting this bit to “1.”
' This bit is “0” at reading.

""""""""" 4 | Interrupt priority detection | 5o 0 RW

4 ; 5 0 0: 7 cycles of f
time selection bits 0 1: 4 cycles of f

B T L O

10: 2 cycles of f RW
bbb bbbl @ 5 1 1: Do not select. 0
A REEECEEELEEELEE 6 | Must be fixed to “0.” 0 RW
R P LT EETLPERELTE 7 | Clock f 1 output selection bit | 0: Clock f 1 output is disabled. 0 RW
(Note 2) (P42 functions as a

programmable I/O port.)
1: Clock f 1 output is enabled.
(Port P42 functions as a clock
f 1output pin.)

Notes 1: When the Vcc-level voltage is applied to pin CNVss, this bit is set to “1” after reset.
(When read, this bit is always “0.”)
2: This bit is ignored in the microprocessor mode. (It may be “0” or “1.”)
3: :] represents that bits 2 to 7 are not used for selecting a processor mode.

Fig. 2.5.4 Structure of processor mode register 0
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2.5 Processor modes

[Precautions on selecting processor mode]

1. The external ROM version can operate only in the microprocessor mode. Therefore, be sure to set as
follows:
*Connect pin CNVss to Vcc.
*Fix the processor mode bits (b1, b0) to “102.”
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CHAPTER 3
PROGRAMMABLE
/O PORTS

3.1 Programmable 1/O ports

3.2 Port peripheral circuits

3.3 Pullup function

3.4 Internal peripheral devices’
I/O functions (Ports P42 and
P5 to P8)



PROGRAMMABLE 1/0 PORTS

3.1 Programmable 1/O ports

Functions of all ports in the single-chip mode and that of ports P43 to P47 and P5 to P8 in the memory
expansion and the microprocessor modes are described below. For more information about ports PO to P4,
whose functions depend on the processor mode, refer to section “2.5 Processor modes” and chapter “12.
CONNECTING EXTERNAL DEVICES.”

3.1 Programmable I/O ports

The 7733 Group has 68 programmable 1/O ports (PO to P8).

Each of ports PO to P8 has a port direction register and a port register in the SFR area. Each input-only
port has a port register in the SFR area. Figure 3.1.1 shows the memory map of port direction registers and
port registers.

Note that ports P42 and P5 to P8 also function as I/O pins for internal peripheral devices. For details, refer

to section “3.4 Internal peripheral devices’ I/O functions” and the corresponding functional description.
addresses
216 Port PO register
316 Port P1 register
416 Port PO direction register
516 Port P1 direction register
616 Port P2 register
716 Port P3 register
816 Port P2 direction register
916 Port P3 direction register
A1e Port P4 register
Bie Port P5 register
Cie Port P4 direction register
D16 Port P5 direction register
E16 Port P6 register
Fie6 Port P7 register
1016 Port P6 direction register
1116 Port P7 direction register
1216 Port P8 register
1316
1416 Port P8 direction register

Fig. 3.1.1 Memory map of port direction registers and port registers
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3.1 Programmable 1/O ports

3.1.1 Port Pi direction register
This register determines the direction of programmable I/O ports. Each bit of this register corresponds to

one specified pin.

Figure 3.1.2 shows the structure of the port Pi (i = 0 to 8) direction register.

b7 b6 b5 b4 b3 b2 bl bo

Port Pi direction register (i= 0 to 8)

(addresses 416,516,816,916,C16,D16,1016,1116,1416)

Bit Bit name Functions Atreset| RW
0 Port Pio direction selection bit 0: Input mode 0 RW
. - - (The port functions as an input port.)
1 Port Pi1 direction selection bit 0 RW
1: Output mode
2 | Port Piz2 direction selection bit (The port functions as an output port.) 0 RW
3 Port Pi3 direction selection bit 0 RW
4 Port Pia direction selection bit 0 RW
5 Port Pis direction selection bit 0 RwW
6 Port Pis direction selection bit 0 RwW
7 Port Pi7 direction selection bit 0 RW

Note: Writing to bits 4 to 7 of the port P3 direction register is invalid and these bits are fixed to “0”
when they are read.

Bit b7 b6 | b5 b4 b3 b2 bl b0
Corre;?:ndmg Pi7 Pis ‘ Pis Pia Pis3 Pi2 Pi1 Pio

Fig. 3.1.2 Structure of port Pi (i = O to 8) direction register
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PROGRAMMABLE 1/0 PORTS

3.1 Programmable 1/O ports

3.1.2 Port Pi register

Data is input from or output to an external device 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. Each
bit of the port register corresponds to one specified pin. Figure 3.1.3 shows the structure of the port Pi (i
= 0 to 8) register.

(1)

(2)

How to output data from programmable 1/O port

O Set the corresponding bit of the port direction register to the output mode.

O Write data to the corresponding bit of the port register, and then the data is written into the port
latch.

O Data set in the port latch is output.

When a bit of a port register which corresponds to a port set for the output mode is read out, the
contents of the port latch, instead of pin state, is read out. Accordingly, output data can correctly be
read out without influence of external load, etc. (Refer to Figures 3.2.1 and 3.2.2)

How to input data from programmable 1/O port

0 Set the corresponding bit of the port direction register to the input mode.

O The pin enters a floating state.

O When reading the corresponding bit of the port register in state [1, data input from the pin can be
read in.

When data is written to a port register which corresponds to a port set for the input mode, the data
is written only into the port latch and not output to the external devices. Pins retain a floating state.
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3.1 Programmable 1/O ports

b7

b6 b5 b4 b3 b2 bl bO

Port Pi register (i=0to 8)
(addresses 216,316,616,716,A16,B16,E16,F16,1216)

Bit Bit name Functions Atreset | RW
0 | PortPio's pin Data i input from or output to Undefined|  RW
1 Port Pi1’s pin ;2'25&?;&?&;@&? wiing to Undefined| RW
2 Port Pi2's pin 0 “L” level Undefined RW
3 Port Pis’s pin L:*H" level Undefined| RW
4 Port Pi4’s pin Undefined| RW
5 Port Pis’s pin Undefined| RW
6 Port Pie’s pin Undefined RW
7 Port Pi7’s pin Undefined| RW

Note: Writing to bits 4 to 7 of the port P3 register is invalid and these bits are fixed to “0” when they are

read.

Fig. 3.1.3 Structure of port Pi (i = 0 to 8) register
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3.2 Port peripheral circuits

3.2 Port peripheral circuits
Figures 3.2.1 and 3.2.2 show the port peripheral circuits.

« Ports P0Oo to P07, P1o to P17, P20 to P27, P30 to P33, P43 to P4s (Inside dotted-line not included)
Ports P40/HOLD, P41/RDY, P47, P51/TAOIN, P53/TALIN, P61/TA4IN, P65/TBOIN to P67/TB2IN/ ¢ sus, P86/RxD1 (Inside dotted-line included)

Port direction register

< ]
pata bus ————{ Pl {DH o O

Vi

« Ports P83/TxDo, P87/TxDz (Inside dotted-line not included, and shaded area included)

Ports P50/TAOouT, P52/TAlouT, P60/TA4out, P75/ANs/ADTRG/TXD2, P82/RxDo/CLKSo (Inside dotted-line included, and shaded area not included)
Port P42/ ¢1 (Inside dotted-line not included, and shaded area not included) ) )
[ ) | Notes 1: Valid only when used as pin
; N-channel open-drain . TxDj for Serial I/0.
| selection (Note 1) 2: Analog input is present only in
''''''''''' port P7s.

“q
Data bus —— Port latch

+—1—0

Analog input —— (Note 2)

« Ports P54/TA20uT/Klo, P56/TA30UT/KI2
Pull-up selection

Port direction register
v —a |

o:

] 7 L

Pull-up
transistor

A

%_

« Ports P5s/TA2in/KI1, P57/TA3IN/KI3, P62/INTo to P64/INT2
Pull-up selection

Pull-up
»-4 rD_\ j ( transistor}
Data bus ——| Port latch v P J—Q

/

Fig. 3.2.1 Port peripheral circuits (1)
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PROGRAMMABLE 1/0 PORTS

3.2 Port peripheral circuits

* Ports P70/ANo, P71/AN1, P76/ANe/XcouT, P77/AN7/XciN (Inside dotted-line not included)
Ports P72/AN2/CTSz2, P74/AN4/RxD2 (Inside dotted-line included)

—| Port direction register |

et

Port latch [

(Note 1)
~ Sub-clock oscillation circuit
Analog input ——¢

Note 1: The sub-clock oscillation circuit is
present only in ports P76 and P77

* Ports P73/AN3/CLKz2, P80/CTSo/RTS0/CLKS1, P81/CLKo, P84/CTS1/RTS1, P85/CLK1

wqn
—| Port direction register |— “Qr h

O |
Data bus ————¢—

Port latch H b W .jj +—O

O

+.

Analog input ——1 (Note 2)

Note 2: Analog input is present only in port P73

L

g_nufj_cb

Fig. 3.2.2 Port peripheral circuits (2)
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3.3 Pull-up function

3.3 Pull-up function

3.3.1 Pull-up function for ports P5 4 to P57 (Klo to KI3)

Ports P54 to P57 (Klo to Ki3) can be pulled high by setting the port P5 pull-up selection bit (bit 6 at address
6D16). Figure 3.3.1 shows the structure of the port function control register.

When pulling ports P54 to P57 high, clear bits 4 to 7 at address D16 (Port P5 direction register) to “0.”

3.3.2 Pull-up function for ports P6 2 to P64 (INTo to INT2)

Ports P62 and P63 (INTo and INT1) can be pulled high by setting the port P6 pull-up selection bit 0 (bit 3
at address 6D16). Port P64 (INT2) can be pulled high by setting the port P6 pull-up selection bit 1 (bit 5
at address 6D16). Figure 3.3.1 shows the structure of the port function control register.

When pulling ports P62 to P64 high, clear bits 2 to 4 at address 1016 (port P6 direction register) to “0.”
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3.3 Pull-up function

b7 b6 b5 b4 b3 b2 bl bo

L1 o]

| | | Port function control register (address 6Dis)

Bit Bit name Functions Atreset| RW

EETEEE 0 Standby state selection bit 0: Pins PO to P3 are used for the external bus output. 0 RW
1: Pins PO to P3 are used for the port output.

R R, 1 | Sub-clock output selection bit/ |*Port-Xc selection bit” = *0" 0 | RW
; Timer B2 clock source selection . (when the sub clock is not used)

: bit Timer B2 (event counter mode)

: clock source selection (Note 1)
E 0: TB2IN input (event counter mode)

! 1: Main clock divided by 32

! (clock timer)

! Port-Xc selection bit = “1”

! (when the sub clock is used)

! Sub-clock output selection

: 0: Pin P67/TB2iN/¢ sus functions as a

' programmable I/O port.

: 1: Sub clock ¢ sus is output from

5 pin P67/TB2IN/¢ SUE.

L Lt 2 | Timer B1 internal connect 0: No internal connection 0 RW
selection bit (Note 2) | 1: Internal connection with timer B2

O 3 | Port P6 pull-up selection bit 0 | 0: No pull-up for pins P62/INTo and P63/INTL_ 0 | RW
1: With pull-up for pins P62/INTo and P63/INT1

R b 4 Must be fixed to “0.” 0 RW

R LR LR E 5 Port P6 pull-up selection bit 1 +*Key input interrupt selection bit = “0” 0 RW
0: No pull-up for pin P64/INT2
1: With pull-up for pin P64/INT2
«Key input interrupt selection bit = “1”
0: Pin P64/INT2 is a port with no pull-up.
1: Pin P64/INT2 is an input pin with pull-up
and is used for the key input interrupt.

e 6 | Port P5 pull-up selection bit 0: No pull-up for pins P54/TA20ut/Klo to P57/TA3N/KI3 | O RW
1: With pull-up for pins P54/TA20ut/Klo to P57/TA3IN/KI3

R e 7 Key input interrupt selection bit [ 0: INT2 interrupt 0 RW
1: Key input interrupt

Port-Xc selection bit™ : Bit 4 of the oscillation circuit control register 0 (address 6Cz16)

Notes 1: When the port-Xc selection bit = “0” and timer B2 operates in the timer mode or the pulse period
/pulse width measurement mode, bit 1 is invalid.
2: When timer B1 operates in the event counter mode, bit 2 is valid.
3: [ represents that bits 0 to 2, 4, and 7 are not used for the pull-up function.

Fig. 3.3.1 Structure of port function control register
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3.4 Internal peripheral devices’ I/O functions (Ports P4 2 and P5 to P8)

3.4 Internal peripheral devices’ I/O functions (Ports P4 2 and P5 to P8)
Ports P42 and P5 to P8 also function as 1/O pins for the internal peripheral devices. Table 3.4.1 lists
correspondence between each port and internal peripheral devices’ I1/O pin. For internal peripheral devices’
I/0O functions, refer to the corresponding functional description. For the clock @1 output pin, refer to chapter
“12. CONNECTING EXTERNAL DEVICES.” For the sub-clock oscillation circuit’s I/O pins, refer to chapter
“14. CLOCK GENERATING CIRCUIT.”

Table 3.4.1 Correspondence between each port and internal peripheral devices’ 1/0 pin

Port Internal peripheral devices’ 1/O pin
P42 Clock ¢ 1 output pin
P50 to P53 Timer A’s I/O pins
P54 to P57 Timer A’s 1/0 pins/Key input interrupt function’s input pins
P60, P61 Timer A’'s 1/O pins
P62 to P64 Input pins for external interrupts
P65, P66 Timer B’s input pins
P67 Timer B’s input pin/Clock ¢ sue output pin
P70, P71 A-D converter’s input pins
P72 to P75 A-D converter’s input pins/lI/O pins for serial 1/0
P76, P77 Sub-clock oscillation circuit's I/O pins/A-D converter’s input pins
P8 I/O pins for serial 1/O

3-10 7733 Group User’'s Manual



CHAPTER 4
INTERRUPTS

4.1 Overview

4.2 Interrupt sources

4.3 Interrupt control

4.4 Interrupt priority level

4.5 Interrupt priority level
detection circuit

4.6 Interrupt priority level
detection time

4.7 How interrupts are processed
(from acceptance of interrupt
request till execution of
interrupt routine)

4.8 Return from interrupt routine

4.9 Multiple interrupts

4.10 External interrupts (INTI

interrupt)
4.11 Precautions for interrupts



INTERRUPTS

4.1 Overview

The 7733 Group provides 19 interrupt sources to generate interrupt requests.

4.1 Overview

Figure 4.1.1 shows how interrupts are processed.

When an interrupt request is accepted, a program branches to the start address of an interrupt routine which
is set in the interrupt vector table (addresses FFD616 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 request is accepted. —m=

Interrupt processing

Processing is resumed.

RTI instruction

Fig. 4.1.1 How interrupts are processed
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INTERRUPTS

4.1 Overview

When an interrupt request is accepted, the following registers’ contents immediately before acceptance of
an interrupt request are automatically pushed onto the stack area 00, O, and O in that order:

O Program bank register (PG)
O Program counter (PCL, PCH)
O Processor status register (PSL, PSH)

Figure 4.1.2 shows the state of the stack area immediately before the program branches to an interrupt
routine.

At the end of the interrupt routine, execute the RTI instruction, which is an instruction for returning to the
routine that was executed before acceptance of an interrupt request. By executing the RTI instruction, the
above registers’ contents, which were pushed onto the stack area, are popped O, O, and O in that order.
Then, execution of the suspended routine is resumed from where it left off.

When an interrupt request is accepted and the RTI instruction is executed, above registers (O to 0) are
automatically pushed and popped. For other registers whose contents are necessary, be sure to push and
pop them by software.

Stack area
Address

[S]-5

[S] -4 Processor status register’s low-order byte (PS L)

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

[S]-2 Program counter’s low-order byte (PC L)
[S]-1 Program counter’s high-order byte (PC H)
[S] Program bank register (PG)

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

Fig. 4.1.2 State of stack area immediately before program branches to interrupt routine
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4.2 Interrupt sources

4.2 Interrupt sources

Table 4.2.1 lists interrupt sources and their vector addresses. When programming, set the start address of
each interrupt routine to the vector addresses listed below.

Table 4.2.1 Interrupt sources and Interrupt vector addresses

Interrupt vector addresses

Interrupt source High-order Low-order Remarks
address address

Reset O00FFFF16 OOFFFE16 |Non-maskable
Zero division O0FFFD16 OOFFFC16 |Non-maskable software interrupt
BRK instruction OOFFFB16 OOFFFA16 |Non-maskable software interrupt
DBC (Note 1) 00FFF916 O0FFF816 |Not used usually
Watchdog timer O0FFF716 OOFFF616 |Non-maskable interrupt
INTo OOFFF516 OOFFF416 |External interrupt by signal input from pin INTo
INT1 OOFFF316 00FFF216 |External interrupt by signal input from pin INT1
INT2/Key input (Note 2) O0FFF1l16 OOFFFO16 |External interrupt by signal input from pin INT2 or by key input
Timer AO OOFFEF16 OOFFEE16 |Internal interrupt from Timer AO
Timer Al O0OFFED16 O0OFFEC16 |Internal interrupt from Timer Al
Timer A2 OOFFEB16 OOFFEA16 |Internal interrupt from Timer A2
Timer A3 OOFFE916 OOFFE816 |Internal interrupt from Timer A3
Timer A4 OOFFE716 O0FFEG616 |Internal interrupt from Timer A4
Timer BO O0OFFES516 0O0FFE416 |Internal interrupt from Timer BO
Timer B1 O0FFE316 OOFFE216 |Internal interrupt from Timer B1
Timer B2 OOFFE1l1e O0FFEO16 [Internal interrupt from Timer B2
UARTO reception OOFFDF16 OOFFDE16 |internal interrupt from UARTO
UARTO transmission 00FFDD16 00FFDC1s6
UART1 reception OOFFDB16 OOFFDA16 |Internal interrupt from UART1
UART1 transmission O0FFD916 00FFD816
A-D/UART2 trans./ OOFFD716 O0OFFD616 |Internal interrupt from A-D converter or UART2

/rece. (Note 3)

Notes 1: This is only for debugger control and is not used usually.

2: When the key input interrupt selection bit (bit 7 at address 6D16) = “1,” the key input interrupt
function is selected. For details, refer to chapter “5 KEY INPUT INTERRUPT FUNCTION.”

3: The A-D conversion interrupt and the UART2 transmission/reception interrupt share the same
interrupt vector addresses and interrupt control register. By setting the serial 1/0O mode selection
bits (bits 0 to 2 at address 6416), the A-D conversion interrupt or UART2 transmission/reception
interrupt is selected.
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4.2 Interrupt sources

Table 4.2.2 lists occurrence conditions of internal interrupt requests, which occur because of internal operations.

Table 4.2.2 Occurrence conditions of internal interrupt requests

Interrupt Occurrence conditions of interrupt requests
Zero division Occurs when divider is “0” in execution of DIV instruction (Division instruction).
interrupt (Refer to “7700 Family Software Manual.” )
BRK instruction Occurs when the BRK instruction is executed.
interrupt (Refer to “7700 Family Software Manual.” )

Watchdog timer
interrupt

Occurs when the most significant bit of the watchdog timer becomes “0.”
(Refer to chapter “10 WATCHDOG TIMER.” )

Timer Ai interrupt

Occurrence condition depends on Timer Ai's operating modes.

(i=0to4) (Refer to chapter “6 TIMER A."”)
Timer Bi interrupt | Occurrence condition depends on Timer Bi's operating modes.
(i=0to 2) (Refer to chapter “7 TIMER B.”)

UARTI reception
interrupt (i = 0,1)

Occurs at serial data reception.
(Refer to chapter “8 SERIAL 1/0.” )

UARTI transmission
interrupt (i = 0,1)

Occurs at serial data transmission.
(Refer to chapter “8 SERIAL 1/0.” )

UART2
transmission
/reception interrupt

Occurs at serial data transmission/reception.
(Refer to chapter “8 SERIAL 1/0.” )

A-D conversion
interrupt

Occurs when A-D conversion is completed.
(Refer to chapter “9 A-D CONVERTER.” )

For external interrupts, refer to section “4.10 External interrupts.” For the key input interrupt, refer to
chapter “5 KEY INPUT INTERRUPT FUNCTION.”
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4.3 Interrupt control

4.3 Interrupt control

Maskable interrupts are enabled or disabled by setting the following:
e Interrupt request bit

e Interrupt priority level selection bits

e Processor interrupt priority level (IPL)

e Interrupt disable flag (I)

The interrupt disable flag (I) and processor interrupt priority level (IPL) are allocated to the processor status
register (PS). An interrupt request bit and the interrupt priority level selection bits are allocated to the
interrupt control register for the corresponding interrupt.

Figure 4.3.1 shows the memory map of interrupt control registers and Figure 4.3.2 shows their structures.

e Maskable interrupts . By software, acceptance of these interrupts’ requests can be disabled.

e Non-maskable interrupts (Zero division, BRK instruction, and watchdog timer interrupts)
: When an interrupt request occurs, it is certain to be accepted. They do not
have interrupt control registers and are not affected by the interrupt disable

flag (1).
Address
7016 A-D/UART?2 trans./rece. interrupt control register
7116 UARTO transmission interrupt control register
7216 UARTO receive interrupt control register
7316 UART1 transmission interrupt control register
7416 UART1 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
7A16 Timer BO interrupt control register
7B16 Timer B1 interrupt control register
7C16 Timer B2 interrupt control register
7D16 INTo interrupt control register
7E16 INT1 interrupt control register
7F16 INT2/Key input interrupt control register

Fig. 4.3.1 Interrupt control registers’ memory map
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4.3 Interrupt control

b7 b6 b5 b4 b3 b2 bl bO

A-D/UART?2 trans./rece., UARTO and 1 transmission, UARTO and 1 receive, Timers AO to A4,

Timers BO to B2 interrupt control registers (addresses 7016 to 7C16)

b7 b6 b5 b4 b3 b2 bl bo

Bit Bit name Functions Atreset| RW
o b2b1b0
o | Interrupt priority level 0 0 0: Level O (nterruptis disabled)| o | Rw
selection bits
00 1:Levell
| 0 10:Level2
1 011:Level3 0
10 0:Level4 RW
| 10 1:Level5
2 110:Level6 0 RW
11 1:Level?
Interrupt request bit 0: No interrupt request has occurred.
3 1: Interrupt request has occurred. 0 RW
| 4 | Not implemented.
Un-
i defined| —
[ 6 |
7

INTO, INT1, and INT2/Key input interrupt control registers (addresses 7D16 to 7F16)

Bit Bit name Functions Atreset | RW
L b2b1b0
o | werript priority legel 0 0 0:Level O (nterruptis disabled)| 0 | RW
0 0 1:Levell
0 1 0O: Level 2
1 01 1:Level3 0 RW
1 0 O: Level4
| 1 0 1:Level5
1 1 0:Level6
2 11 1 Level 7 0 [ RW
Interrupt request bit (Note) 0: No interrupt request has occurred. 0
3 1: Interrupt request has occurred. RW
Polarity selection bit 0: Interrupt request bit is set to “1” at “H”
level when level sense is selected;
this bit is set to “1” at falling edge
when edge sense is selected. 0 RW
4 1: 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 level sense is selected.
Level sense/Edge sense 0: Edge sense 0 RW
5 | selection bit 1: Level sense
6 | Not implemented. Un-
] defined| —

Note: The interrupt request bits of INT0 to INT2/Key input interrupts are ignored when the level sense is selected.

Fig. 4.3.2 Interrupt control registers’ structures
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4.3 Interrupt control

4.3.1 Interrupt disable flag (1)

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

This flag is allocated to the processor status register (PS).

4.3.2 Interrupt request bit

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

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

Note that when an INTi interrupt is used with the level sense selected, the INTi interrupt request bit (i= 0
to 2) is ignored.

4.3.3 Interrupt priority level selection bits and Processor interrupt priority level (IPL)

The interrupt priority level selection bits are used to set the priority level of an interrupt.

When an interrupt request occurs, its interrupt priority level is compared with the processor interrupt priority
level (IPL). Only when the comparison result satisfies the following relationship, the interrupt request is
enabled. Therefore, by setting the interrupt priority level to 0, the interrupt can be disabled.

The processor interrupt priority level (IPL) is allocated to the processor status register (PS).

Interrupt priority level > Processor interrupt priority level (IPL)

Table 4.3.1 lists the settings of interrupt priority levels. Table 4.3.2 lists the relationship between the IPL’s
contents and enabled interrupt priority levels.

The interrupt disable flag (I), interrupt request bit, interrupt priority level selection bits, and processor
interrupt priority level (IPL) are independent of each other; they do not affect each other. Interrupt requests
are accepted only when the following conditions are satisfied.

e Interrupt disable flag (I) = “0”
e Interrupt request bit = “1”
e Interrupt priority level > Processor interrupt priority level (IPL)
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4.3 Interrupt control

Table 4.3.1 Settings of interrupt priority levels

Interrupt priority level selection bits

b2

bl

b0

Interrupt priority level

Priority

Level O (Interrupt is disabled.)

Level 1

Low

Level 2

Level 3

Level 4

Level 5

Level 6

(k| [P O|O|IO0|O

P |k |O|O|Fk (k|00

P |IO|IFRP|IO|Fk |O|F|O

Level 7

High

Table 4.3.2 Relationship between IPL’s contents and enabled interrupt priority levels

IPL2 IPL1 IPLO Enabled interrupt priority levels
0 0 0 Level 1 and above levels
0 0 1 Level 2 and above levels
0 1 0 Level 3 and above levels
0 1 1 Level 4 and above levels
1 0 0 Level 5 and above levels
1 0 1 Levels 6 and 7
1 1 0 Level 7 only
1 1 1 All maskable interrupts are disabled.

IPLo: Bit 8 in the processor status register (PS)
IPL1: Bit 9 in the processor status register (PS)
IPL2: Bit 10 in the processor status register (PS)
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4.4 Interrupt priority level

4.4 Interrupt priority level

When the interrupt disable flag (I) = “0” (in other words, when interrupts are enabled), if multiple interrupt
requests reside at the same sampling timing, where the presence of an interrupt request is checked, these
requests are accepted in order of priority levels. In this case, an interrupt request which has the highest
priority is accepted first.

For 16 interrupt sources other than software interrupts (the zero division and BRK instruction) and a
watchdog timer interrupt, an arbitrary priority level can be set by specifying the interrupt priority level
selection bits. Note that the priority level for reset (handled as an interrupt which has the highest priority)
or a watchdog timer interrupt is set by hardware. Figure 4.4.1 shows the interrupt priority level set by
hardware.

Note that software interrupts are not affected by the interrupt priority level. When the zero division or BRK
instruction is executed, a program branches to an interrupt routine.

[——— &y — i
Watchdog |
> Reset > timer | > e 0 o >
interrupt_| | |
I 16 interrupt sources other than software interrupts |
L and watchdog timer interrupt |
Inside of dotted-line, an arbitrary priority level can be set.
<« >
High Interrupt priority level Low

Fig. 4.4.1 Interrupt priority level set by hardware
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4.5 Interrupt priority level detection circuit

4.5 Interrupt priority level detection circuit

The interrupt priority level detection circuit is used to select an interrupt with the highest priority from
multiple interrupts which reside at the same sampling timing. Figure 4.5.1 shows the interrupt priority level
detection circuit.

Interrupt priority level Interrupt priority level
of each interrupt Level 0 of each interrupt
(Initial value)

Timer A4
A-DIUART2 mer |

trans./rece.

IUARTl transmission Timer A3 I

I UART1 reception Timer A2 I

IUARTO transmission Timer A1 I

I UARTO reception Timer AO I

I Timer B2 INT2/Key input I
I Timer B1 INT1 I
I Timer BO INTO I
__________________ _
Interrupt with ‘ IPL I
the highest priority

Processor interrupt priority level

Interrupt disable flag () ————O) )
Watchdog timer interrupt j Interrupt request is accepted.

Reset

Fig. 4.5.1 Interrupt priority level detection circuit
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4.5 Interrupt priority level detection circuit

Figure 4.5.2 shows the operation of the interrupt priority detection circuit.

The interrupt priority level of a requested interrupt (“Y” in Figure 4.5.2) is compared with the priority level
which is sent from the preceding comparator (“X” in Figure 4.5.2), and then the interrupt with the higher
priority level is sent to the next comparator (“Z” in Figure 4.5.2). (Initial value of “X” 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 forwarded to the next comparator as it is. After comparison, if the two priority levels
are the same, the priority level which is sent from the preceding comparator is forwarded to the next
comparator. Therefore, if the same priority is set by software, the interrupt priority levels are handled as
follows:

A-D conversion > UART?2 transmission/reception > UART1 transmission > UART1 reception > UARTO transmission
> UARTO reception > Timer B2 > Timer B1 > Timer BO > Timer A4 > Timer A3 > Timer A2 > Timer Al >
Timer AO > INT2/Key input > INT1 > INTo

By the above comparison, among the multiple interrupt requests which reside at the same sampling timing,
one request with the highest priority level is detected.

And then, the highest priority level detected by the above comparison is compared with the processor
interrupt priority level (IPL). When this interrupt priority level is higher than the processor interrupt priority
level (IPL) and the interrupt disable flag (I) = “0,” the corresponding interrupt request is accepted. An
interrupt request which is not accepted at this time is held until it is accepted or the corresponding interrupt
request bit is cleared to “0” by software (CLB instruction).

The interrupt priority level is detected synchronously with the CPU’s op-code fetch cycle. However, when
an op-code fetch cycle starts during the interrupt priority detection, a new interrupt priority detection does
not start. (Refer to “Figure 4.6.1" ) Because the interrupt request bit's state and interrupt priority level are
latched during interrupt priority detection, if they change, the interrupt priority detection is performed for the
previous state before the change occurred.

Interrupt source Y

Comparison | X : Priority level which is sent from the preceding
of priority comparator (Highest priority at this time)
level Y : Priority level of interrupt source Y
Z : Highest priority at this time

e

Comparator

e WhenX2Y,Z
e When X<Y,Z

Fig. 4.5.2 Interrupt priority level detection model
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4.6 Interrupt priority level detection time

4.6 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. Figure 4.6.1 shows the
interrupt priority level detection time. Usually, select “2 cycles of ¢’ as the interrupt priority level detection
time.

(1) Interrupt priority detection time selection bits

b7 b6 b5 b4 b3 b2 bl bO

0 Processor mode register O (address 5E 16)
: : : : : : IL - i - Processor mode bits
R R Wait bit
: : : : L - - Software reset bit
I I I I b5, b4
| | mmm————— == = Interrupt priority detection time selection bits
: : 00 |7 cycles of clock [(a) shown below]
: : 01 [4cyclesofclock  [(b) shown below]
' ' 10 |2 cycles of clock  [(c) shown below]
: : 11 (Do notselect.
: b e e - - - Must be fixed to “0.”
e it I Clock 1 output selection bit

(2) Interrupt priority level detection time

R I A O I O A

Op-code fetch cycle [ [ ]
Sampling pulse [ 77 (Note)
E) 7cycles | [
T ] [P |

(c) 2 cycles | | | |

Note: This pulse resides when “2 cycles of " is selected.

Fig. 4.6.1 Interrupt priority level detection time
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4.7 How interrupts are processed

4.7 How interrupts are processed (from acceptance of interrupt request

until execution of interrupt routine)

How interrupts are processed from accepting of an interrupt request until execution of the interrupt routine
is described below.

When an interrupt request is accepted, the interrupt request bit which corresponds to the accepted interrupt
is cleared to “0.” And then, execution of an interrupt routine begins at the cycle immediately after the
instruction execution which was in progress at acceptance of the interrupt request is completed. Figure 4.7.1
shows how interrupts are processed from acceptance of an interrupt request until execution of the interrupt
routine. When the instruction execution which was in progress at acceptance of the interrupt request is
completed, the INTACK (Interrupt acknowledge) sequence is executed and the program branches to the
start address of the interrupt routine allocated in addresses 016 to FFFF16. In the INTACK sequence, the
following procedure is automatically performed in this order.

OThe contents of the program bank register (PG) immediately before the INTACK sequence is pushed onto
the stack.

OThe contents of the program counter (PC) immediately before the INTACK sequence is pushed onto the
stack.

OThe contents of the processor status register (PS) immediately before the INTACK sequence is pushed
onto the stack.

OThe interrupt disable flag (I) is set to “1.”

OThe interrupt priority level of the accepted interrupt is set to IPL.

OThe contents of the program bank register (PG) is cleared to “0016” and the contents of the interrupt vector
address is set into the program counter (PC).

The INTACK sequence requires at least 13 cycles of ¢ Figure 4.7.2 shows the INTACK sequence’s timing.
After the INTACK sequence is completed, the instruction execution begins at the start address of an
interrupt routine.

Interrupt request is accepted.
Interrupt request is generated. 4}

@ @ — T
Time
/[ 4} PN -« /
Slnstruction Instruction INTACK sequence Instructions in interrupt routine
1 2
/ o | 0O O /
> < >
Interrupt response time o o
< P P » @ : Interrupt priority level detection time

O Time from when an interrupt request occurs until the instruction execution which is in
progress at that time is completed.

O Time from when execution of an instruction nextto 0 begins (Note) until the instruction
execution which is in progress at completion of interrupt priority level detection.
Note : At this time, detection of interrupt priority level begins.

O Time required to execute the INTACK sequence (13 cycles of at the shortest)

Fig. 4.7.1 How interrupts are processed from acceptance of interrupt request until execution of
interrupt routine
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e \When stack pointer (S)’s contens is even

BN .
= LR O EEOEEEE

-

00 ><00><00><00><00><00><00><00>< 00 ><

=L
X
X
X

Interrupt disable

AP pc X 00
An [ Pen X o0 X sk XisromisransHamsHamisty [S]i—s)HX Frs X AIDH
AL e X 00 X sk XasFoXes-axis-anis-anisisy, ([S1f—5)L>( oo X oAb
DH | PCH PSH ‘ AD
—

Op-code

Op-code

flag (1)

INTACK sequence

ArP

DL

CPU-
A : High-order 8 bits of CPU address bus

H:
AL
DH :
: Data bus for CPU’s even address

CPU's standard clock B Not used
[S]: Contents of stack pointer (S)
0016 : Low-order 8 bits of vector address
ADH : Contents of vector address (High-order address)
ADL: Contents of vector address (Low-order address)

Middle-order 8 bits of CPU address bus
Low-order 8 bits of CPU address bus
Data bus for CPU’s odd address

Fig. 4.7.2 INTACK sequence’s timing

4.7.1 Change in IPL at acceptance of interrupt request

When an interrupt request is accepted, the interrupt priority level of the accepted interrupt is set to the
processor interrupt priority level (IPL). This operation makes the processing for multiple interrupts easy.
(Refer to section “4.9 Multiple interrupts.”

At reset or when a watchdog timer interrupt or software interrupt is accepted, a value listed in Table 4.7.1

is set into IPL.

Table 4.7.1 Change in IPL at

acceptance of interrupt request

Interrupt source

Change in IPL

Reset

Level 0 (0002) is set.

Watchdog timer interrupt

Level 7 (1112) is set.

Zero division interrupt

Not changed

BRK instruction interrupt

Not changed

Other interrupts

Accepted interrupt’'s priority level is set.
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4.7.2 How to push registers

The way to push registers depends on whether the stack pointer (S)’s contents at interrupt request acceptance
is even or odd.

When the stack pointer (S)’s contents is even, each of the program counter (PC)’s contents and processor
status register (PS)’s contents is simultaneously pushed by the 16 bits. When the stack pointer (S)’s
contents is odd, each of these registers is pushed by the 8 bits. Figure 4.7.3 shows how the registers are
pushed.

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. Make sure to push other necessary registers
by software at the beginning of an interrupt routine.

By executing the PSH instruction, all CPU registers other than the stack pointer can be pushed.

(1) When stack pointer (S)’s contents is even

Address //\/

S-5 (odd) Order for push
S—4 (even)| Processor status register's low-order byte (PS 1) | @

LJPushes 16 bits at a time.

S—3 (odd) |Processor status register's high-order byte (PS 1) — ~——

S—2 (even)| Program counter’s low-order byte (PC 1) - _ _
[JPushes 16 bits at a time.

S—1 (odd) |Program counter’s high-order byte (PC 1)| — ——

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

/_\/

- Pushed in 3 times

(2) Stack Pointer (S)’s contents is odd

Address //\/

S-5 (even) Order for push
A

S-4 (Odd) Processor status register's low-order byte (PS 1) - UJ

S—3 (even)| Processor status register's high-order byte (PS v)| —— []

S—2 (odd) | Program counter’s low-order byte (PC ) -— [] ¢ Pushes by the 8 bits.

S—1 (even)|Program counter’s high-order byte (PC 1)| <&— []

S (odd) Program bank register (PG) - ]

/\/

- Pushed in 5 times

O “S” is the initial address that the stack pointer (S) indicates when an interrupt request is accepted.
S’s contents is “S-5" after the above registers are pushed.

Fig. 4.7.3. How registers are pushed

4-16 7733 Group User's Manual



INTERRUPTS

4.8 Return from interrupt routine, 4.9 Multiple interrupts

4.8 Return from interrupt routine

When the RTI instruction is executed at the end of an 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 immediately before the INTACK sequence are automatically pulled. And then, a program returns to the
original routine and the suspended process is resumed.

Before the RTI instruction is executed, by executing the PUL instruction or others, make sure to pull
registers which were pushed by software in an interrupt routine. Make sure that the data length and register
length for the pull operation are equal to those for the push operation.

4.9 Multiple interrupts

When a program branches to an interrupt routine, the following occurs:

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

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

Figure 4.9.1 shows how multiple interrupts are processed.

An interrupt request which is not accepted because its priority level is lower is held. When the RTI instruction
is executed, the interrupt priority level of the routine which was in progress at acceptance of an interrupt
request is pulled to the IPL. Therefore, if the following relationship is satisfied when interrupt priority level
detection is performed next, the held interrupt request is accepted.

Held interrupt request’s priority level > Processor interrupt priority level (IPL) which is pulled
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4.9 Multiple interrupts

Interrupt request
generated

Nesting — ™

Main routine

Time Reset >

Interrupt 1

)

Interrupt priority level = 3

Interrupt 2 —>

D

Interrupt priority level =5

Interrupt 3

L

Interrupt priority level = 2

Multiple interrupts

Cannot be accepted because
its priority level is low.

<—— [nstruction in main routine is not
executed.

| : Interrupt disable flag
IPL : Processor interrupt priority level
@ : Automatically be set.
[ ] : Must be set by software.

Fig. 4.9.1 How multiple interrupts are processed
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4.10 External interrupts ( INTi interrupt)

An external interrupt request occurs by input signal from pin INTi (i = 0 to 2). The occurrence condition of
an external interrupt request can be selected by the level sense/edge sense selection bit and the polarity
selection bit (bits 5 and 4 at addresses 7D16 to 7F16) shown in Figure 4.10.2. Table 4.10.1 lists the
occurrence condition of INTi interrupt request.

When using pins P62/INTo to P64/INT2 as external interrupt input pins, set their corresponding bits at address
1016 (Port P6 direction register) to “0.” (Refer to “Figure 4.10.1.” ) These pins can be pulled high by
software. (Refer to section “3.3 Pull-up function of P6 2 to P64 pins (INTo to INT2).”

The INT2 interrupt is invalid when the key input interrupt selection bit (bit 7 at address 6D16) = “1.” (Refer
to chapter “5 KEY INPUT INTERRUPT FUNCTION.” ) When using the INT2 interrupt function, clear the key
input interrupt selection bit to “0.”

A signal which is input to pin INTi requires a “H"/“L"-level duration of 250 ns or more independent of the
system clock frequency (Note 1).

Note that even when pins P62/INTo to P64/INT2 are used as external interrupt input pins, these pins’ state
can be read in by reading bits 2 to 4 at address E16 (Port P6 register).

Note 1: When the falling edge or “L” level is selected as the interrupt occurrence condition, make sure that
“L"-level duration must be at least 250 ns: when the rising edge or “H” level is selected as the

interrupt occurrence condition, make sure that “H"-level duration must be at least 250 ns.

Table 4.10.1 Occurrence condition of INTi interrupt request

b5 (Note 2) b4 (Note 2) INTi interrupt request occurrence condition
0 0 Occurs at the falling edge of an input signal to pin INTi (Edge sense).
0 1 Occurs at the rising edge of an input signal to pin INTi (Edge sense).
1 0 Occurs when pin INTiis at “H” level (Level sense).
1 1 Occurs when pin INTi is at “L” level (Level sense).

Note 2: “b5” and “b4” represent bits 5 and 4 of the INTo to INT2/key input interrupt control register. (Refer
to “Figure 4.10.2.” )
In an INTi interrupt, pin INTi's state is always checked, and then an interrupt request is generated
according to the state. Therefore, when an INTi interrupt is not used, clear the INTi interrupt's
priority level to “0.”
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b7 b6 b5 b4 b3 b2 bl bO

Port P6 direction register (address 10 16)

Bit |Corresponding pin's name Functions Areset [ RW

0 Pin TA4out 0 : Input mode 0 RW
] 1 : Output mode

1 Pin TA4IN When using a pin as an input pin 0 RW
] for an external interrupt, clear the

2 | PinINTo corresponding bit to “0.” 0 | RW

3 Pin INT1 0 RW

4 Pin INT2/Key input 0 RW

5 Pin TBOIN 0 RW

6 Pin TB1IN 0 RW

7 Pin TB2IN 0 RW

D represents that bits 0, 1 and bits 5 to 7 are not used for external interrupts.

Fig. 4.10.1 Correspondence between port P6 direction register and input pins for external

interrupts

b7 b6 b5 b4 b3 b2 bl b0

| | INTO, INT1, and INT2/Key input interrupt control registers (addresses 7D16 to 7F16)

Bit Bit name Functions Atreset | RW
of 4 b2b1b0
o | orerrpt priofity level 0 0 0: Level O (ntemuptis disabled)] 0 | Rw
0 0 1:Levell
0 1 0:Level2
1 01 1:Level 3 0 RW
1 0 0:Level 4
10 1:Level5
’; 1 1 0:Level6 0 RW
11 1:Level7
Interrupt request bit (Note) 0: No interrupt request has occurred. 0
3 1: Interrupt request has occurred. RW
polarity selection bit 0: Interrupt request bit is set to “1” at “H”
level when level sense is selected;
this bit is set to “1” at falling edge
when edge sense is selected. 0 RW
4 1: 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 level sense is selected.
Level sense/Edge sense 0: Edge sense 0 RW
5 | selection bit 1: Level sense
6 | Not implemented. Un-
7 defined|

Note: The interrupt request bits of INT0 to INT2/Key input interrupts are ignored when the level sense is selected.

Fig. 4.10.2 INTo to INT2 interrupt control register’s structure
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4.10 External interrupts ( INTi interrupt)

4.10.1 INTI interrupt request bit's function
(1) Functions when edge sense is selected

By clearing the level sense/edge sense selection bit to “0,” the edge sense is selected. (Refer to
Figure 4.10.3.)
The interrupt request bit has the same functions as those for the interrupt request bit of internal
interrupts.
When an interrupt occurs, the interrupt request bit is set to “1” and retains this state until the interrupt
request is accepted.
When the interrupt request bit is cleared to “0” by software, an interrupt request is cancelled; when
the interrupt request bit is set to “1” by software, an interrupt request can be generated.

(2) Functions when level sense is selected
By setting the level sense/edge sense selection bit to “1,” the level sense is selected. (Refer to Figure
4.10.3.)
The interrupt request bit is ignored. In this case, interrupt requests occur sequentially while pin INTi
is at the valid level™; when pin INTi's level changes to the invalid level™ with the interrupt request not
accepted, the interrupt request is not held. (Refer to Figure 4.10.4.)

Valid level®: The level selected by the polarity selection bit (bit 4 at addresses 7D16 to 7F16)
Invalid level™: The reverse level to “valid level”

Data bus
Edge sense Level sense/Edge sense
- i ) “0” selection bit
pininti O Edgectijrihei;:non Interrupt request bit —O
“qr \O—> Interrupt
'®) request
Level sense
Fig. 4.10.3 INTi Interrupt request
Interrupt request is accepted.
Return to main routine
Valid O O
Pin INTi’s level
Invalid O
----- -
Main routine Main routine
1st interrupt routine 2nd interrupt 3rd interrupt
routine routine

Fig. 4.10.4 Re-occurrence of INTi interrupt request when level sense is selected
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4.10.2 How to switch INTi interrupt request occurrence condition

The way to switch the INTi interrupt request occurrence condition from the level sense to the edge sense
is shown in Figure 4.10.5 (1).

The way to switch the polarity is shown in Figure 4.10.5 (2).

(1) How to switch the INTi interrupt request (2) How to switch the polarity
occurrence condition from level sense
to edge sense

% '

Set interrupt priority level to 0. Set interrupt priority level to 0.
(INTi interrupt is disabled. ) (INTi interrupt is disabled. )

Clear the level sensefedge sense selection bit to “0.” ( Set the polarity selection bit. )
( Edge sense selected ) T

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

C Clear the interrupt request bit to “0.”

; [ Set the interrupt priority level to one of levels 110 7. )
Get the interrupt priority level to one of levels 1 to 7) ( INTiinterrupt requleSt 's acceptable.

(INTi interrupt request is acceptable. )

Fig. 4.10.5 How to switch INTi interrupt request occurrence condition
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4.11 Precautions for interrupts

When the contents of the interrupt priority level selection bits (bits O to 2 at addresses 7016 to 7F16) is
changed, 2 to 7 cycles of @ are required. Therefore, when the interrupt priority level of the same interrupt
source is changed twice or more in a very short time, which consists of a few instructions, it is necessary
to secure the required time by software. Figure 4.11.1 shows an program example to secure the time
required for the change of an interrupt priority level. Note that the time required for the change depends on
the contents of the interrupt priority level selection bits (bits 4 and 5 at address 5E16). Table 4.11.1 lists the
correspondence between the number of instructions inserted in a program example and the interrupt priority
level selection bits. (Refer to Figure 4.11.1, also.)

LDM .B #0XH, 007XH ; The write instruction for the interrupt priority level selection bits
NOP ; The NOP instruction is inserted (Note)

NOP ;
NOP ;
LDM .B #0XH, 007XH ; The write instruction for the interrupt priority level selection bits

Note: Other instructions whose cycle number corresponds to that of the NOP instruction
(other than the write instructions for address 7X 16) can be inserted.
For number of the NOP instructions which are to be inserted, refer to Table 4.11.1.

Fig. 4.11.1 Program example to secure time required for change of interrupt priority level

Table 4.11.1 Correspondence between number of instructions to be inserted in Figure 4.11.1 and
interrupt priority detection time selection bits

Interrupt priority detection time selection bits (Note) |Time required for change of | Number of inserted
b5 b4 interrupt priority level NOP instruction
0 0 7 cycles of ¢ 4 or more
0 1 4 cycles of ¢ 2 or more
1 0 2 cycles of ¢ 1 or more
1 1 Do not select.

Set as follows, if possible:
[b5 = “1,” b4 = “0"]
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KEY INPUT INTERRUPT FUNCTION

5.1 Overview

The key input interrupt function is used to generate an interrupt request when one of the input levels of four
or five pins falls. By using this function when terminating the stop or wait mode, the key-on wakeup can be
realized.

For the way to terminate the stop or wait mode, refer to section “17.4 Power saving.”

For the stop and wait modes, refer to chapter “11. STOP AND WAIT MODES.”

5.1 Overview

A key input interrupt request occurs when one of the input levels of pins Kio to KI3 falls. Therefore, by
configuring an external key matrix shown in Figure 5.1.1, an interrupt request can be generated only by
pushing a key. Pins Kio to KiIz can be pulled high by software and the same function can also be selected
for port P64. Therefore, when using the key input interrupt function, whether to use four pins (pins Klo to Kis)
or five pins (pins Klo to Kis and P64) can be selected.

The key input interrupt and the INT2 interrupt share the same interrupt vector addresses and interrupt control
register.

M37733MHBXXXFP Key matrix

Kis

Kl2

Kl1

Klo

P64/INT2

P63
P62
P61
P6o

Fig. 5.1.1 Key matrix example when key input interrupt function is used
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5.2 Block description

5.2 Block description

Figure 5.2.1 shows the block diagram for the key input interrupt function.

Port P6 pull-up

selection bit 1
Port P64 direction register

C

P6aiiNT: O —
INT2/Key input interrupt control register | (address 7F16)

Port P6 pull-up
selection bit 1 When key input interrupt is
selected, it is necessary to
select edge sense which

uses falling edge.

Port P5 pull-up

selection bit
PuII—up o
tranS|stor Por_t P57 direction
register

P57/Kls
( Pull-up > Y
o T transistor Interrupt control register H Iﬁ/Key input interrupt
P5e/klz O request
Pull-up
transistor Key input interrupt selection bit
Pssikis O+
< Pull-up >
transistor
PSails O+

Fig. 5.2.1 Block diagram for key input interrupt function

5.2.1 Pins Klo to Kiz and P64/INT2

When the key input interrupt function is selected, pins P54 to P57 become input pins for the key input
interrupt (Kio to Kis).

When selecting the key input interrupt function, clear all of bits 4 to 7 at address Die (Port P5 direction
register) to “0.”

When bits 4 to 7 at address Bie (Port P5 register) are read out, the status of pins Klo to KIs can be read
in. When using pin P64/INT2 as an input pin for the key input interrupt, set both of bits 5 and 7 at address
6D16 to “1” and bit 4 at address 1016 (Port P6 direction register) to “0.” When bit 4 at address E616 (Port
P6 register) is read out, the status of pin P64/INT2 can be read in.

b6 b5 b4 b3 b2 bl bo
| 0 I 0 I 0 | 0 | | | | | Port P5 direction register (address D 16)
0: Must be set to “0.”

b7 b6 b5 b4 b3 b2 bl bo
| | I | 0 | | | | | Port P6 direction register (address 10 16)
0: Must be set to “0.”

Fig. 5.2.2 Port P5 and P6 direction registers when key input interrupt function is selected
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5.2 Block description

5.2.2 Port function control register
Figure 5.2.3 shows the structure of the port function control register.

INPUT INTERRUPT FUNCTION

b7 b6 b5 b4

L1 1 o]

b3 b2

bl

b0

| Port function control register (address 6D 16)

Bit

Bit name

Functions

At reset

RW

Standby state selection bit

0: Pins PO to P3 are used for the external bus output.
1: Pins PO to P3 are used for the port output.

0

RW

Sub-clock output selection bit/
Timer B2 clock source selection
bit

Port-Xc selection bitH = “0”
(when the sub clock is not used)
Timer B2 (event counter mode)
clock source selection (Note 1)
0: TB2IN input (event counter mode)
1: Main clock divided by 32
(clock timer)
*Port-Xc selection bit = “1”
(when the sub clock is used)
Sub-clock output selection
0: Pin P67/TB2in/ ¥ susfunctions as a
programmable 1/O port.
1: Sub clock £ susis output from
pin P67/TB2IN/F sus

RW

Timer B1 internal connect
selection bit (Note 2)

0: No internal connection
1: Internal connection with timer B2

RW

Port P6 pull-up selection bit 0

0: No pull-up for pins P62/INTo and P63/INT1
1: With pull-up for pins P62/INTo and P63/INT1

RW

Must be fixed to “0.”

RW

Port P6 pull-up selection bit 1

«Key input interrupt selection bit = “0”
0: No pull-up for pin P64/INT2
1: With pull-up for pin P64/INT2
*Key input interrupt selection bit = “1”
0: Pin P64/INT2 is a port with no pull-up.
1: Pin P64/INT2 is an input pin with pull-up
and is used for the key input interrupt.

RW

Port P5 pull-up selection bit

0: No pull-up for pins P54 TA20uT/Klo to P57/TA3N/KI3
1: With pull-up for pins P54/TA20ut/Klo to P57/TA3IN/KI3

RW

Key input interrupt selection bit

0: INT2 interrupt
1: Key input interrupt

RW

Port-Xc selection bit! : Bit 4 of the oscillation circuit control register 0 (address 6C 16)

Notes 1:

2:

When the port-Xc selection bit = “0” and timer B2 operates in the timer mode or the pulse period
Ipulse width measurement mode, bit 1 is invalid.

When timer B1 operates in the event counter mode, bit 2 is valid.

3: [ represents that bits O to 4 are not used for the key input interrupt function.

Fig. 5.2.3 Structure of port function control register
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KEY INPUT INTERRUPT FUNCTION

5.2 Block description

Port P6 pull-up selection bit (bit 5)
When using pin P64/INT2 as an input pin for the key input interrupt, set this bit to “1.” When this bit
is set to “1,” pin P64/INT2 is pulled high.

Port P5 pull-up selection bit (bit 6)

This is a bit to pull pins Klo to KIs high. When configuring a key matrix, there is no need to connect
pull-up transistors externally if this bit is set to “1,” in other words, if pins Klo to KIs are set to be pulled
high.

Key input interrupt selection bit (bit 7)

This is a bit to select the key input interrupt function.

The key input interrupt and the INT2 interrupt share the same interrupt vector addresses and interrupt
control register. When this bit is set to “1,” the key input interrupt function is selected. When this bit
= “1" and bit 5 (Port P6 pull-up selection bit) = “0,” pin P64/INT2 is a programmable I/O port. (At this
time, the INT2 interrupt cannot be used.) When both of this bit and bit 5 (Port P6 pull-up selection bit
1) are “1,” pin P64/INT2 can be used for the key input interrupt.
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5.2 Block description

5.2.3 Interrupt function

The key input interrupt and the INT2 interrupt share the same interrupt vector addresses and interrupt
control register. Specify addresses FFF016 and FFF116 (in other words, the vector addresses for the INT2/
key input interrupt) as the interrupt vector addresses; specify the INT2/key input interrupt control register
(address 7F16) as the interrupt control register. Figure 5.2.4 shows the structure of the INT2/key input

interrupt control register when the key input interrupt function is selected.

The operation at accepting a key input interrupt request is the same as that at accepting an INT2 interrupt

request.

b7 b6 b5 b4 b3 b2 bl bo

0 | 0 | | | | | INT2/key input interrupt control register (address 7F 16)
S A A Bit Bit name Functions Atreset| RW
- . . b2 b1 b0
A 0 | Interrupt priority level selection 000: Level 0 (Interrupt is disabled.)| @ | RW
A bits 001: Level 1
; : b ; b 010: Level 2
- 1 011:Level3 0 RW
T 100: Level 4
R 101: Level 5
oo 110: Level 6
- 2 111:Level 7 0 RW
: : S TELELEELETEREEEL 3 Interrupt request bit 0: No interrupt request has occurred.| 0 RW
o 1: Interrupt request has occurred.
E : : EGREELLLEEEEE 4 Must be fixed to “0.” 0 RW
e SGRLCLELILELELELEE 5 0 | RW
ST TTEE P L e eI L ELEEP L REEE 6 | Notimplemented. Undefined | —
:_ ______________________________ 7 Undefined —

Fig. 5.2.4 Structure of INT2/key input interrupt control register when key input interru

pt function is selected
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5.3 Initial setting example for related registers

5.3 Initial setting example for related registers
Figure 5.3.1 shows an initial setting example for registers related to the key input interrupt function.

Selection of the key input interrupt function
Pull-up selection for pins Kilo to Kis

b7 bo
| 1 | | | 0 | | | | | Port function control register (address 6D 16)

Port P6 pull-up selection bit 1
0: Port P64 is a programmable 1/O port with no pull-up.
1: Port P64 is an input pin with pull-up and is used for the key input
interrupt.

Port P5 pull-up selection bit

0: No pull-up
1: Pull-up

Selection of the key input interrupt function

Setting of interrupt priority level

b7 bo
- 0 | 0 | 0 | | | | INT2/Key input interrupt control register (address 7F 16)

Interrupt priority level selection bits
One of levels 1 to 7 must be set.

Interrupt request bit

Setting of port P5 and P6 direction registers

b7 bo
| 0 | 0 | 0 | 0 | | | | | Port P5 direction register (address D 16)

‘ ‘ P54 to P57 are set to the input mode. (Must be set to “0000.”)

b7 bo
| | | |0| | | | |P0rtP6direction register (address 10 16)

\—When setting P64 as an input pin for the key input interrupt, set this bit to “0.” /

O In order to enable the key input interrupt, the interrupt disable flag (1) must be set to “0” and
the processor interrupt priority level (IPL) must be a value smaller than the INT2/key input
interrupt’s priority level. (Refer to chapter “4. INTERRUPTS.”)

Fig. 5.3.1 Initial setting example for registers related to key input interrupt function
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TIMER A

6.1 Overview

6.1 Overview

Timer A is used mainly for output to the external. It consists of five counters (Timers A0 to A4), and each
has a 16-bit reload function. Timers A0 to A4 operate independently of each other.

Timer Ai (i = 0 to 4) has four operating modes listed below. Except for the event counter mode, timers AO
to A4 all have the same functions.

m Timer mode
Timer A counts a count source internally generated, and the following functions can be used:
e Gate function
e Pulse output function

m Event counter mode
Timer A counts an external signal, and the following functions can be used:
e Free-run count function (Timers A2, A3, and A4)
e Pulse output function
e Two-phase pulse signal processing function (Timers A2, A3, and A4)

m One-shot pulse mode
Timer A outputs a pulse which has an arbitrary width once.

m Pulse width modulation (PWM) mode
Timer A outputs pulses which have an arbitrary width in succession and functions as one of the following
pulse width modulators:
e 16-bit pulse width modulator
e 8-bit pulse width modulator
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6.2 Block description

6.2 Block description

Figure 6.2.1 shows the timer A block diagram. Registers related to timer A are described below.

Clock source

selection Data bus (Odd)
— 52
fie © \Oi Data bus (Even)
fea o
fslz—— o (Low-order 8 bits) (High-order 8 bits)
qo-imerr:mt)del g | Timer Ai reload register (16) |<7
*One-shot pulse mode
*PWM mode
Timer mode NS NS Timer Ai
q O .
:l ) (Gate function) © Timer Ai counter (16) |—<p—|:| interrupt -
request bit
TAin s’:v(i)tlr?r:ii% Event counter mode CO_LtJ nr:L_J p/Countdown addresses
i= Count start fla switching ;
(=0104) suching ol TimerA0 4715 461s
(address 4016 ) when not in the event TimerAl 49 4816
L—» External mgger counter mode. TimerA2 4B16 4A16
Countdown TimerA3  4Dis 4Cis
TimerA4 4Fis 4Eie

Up-down flag o \c~

(address 4416 ) F@

j Pulse output function
TAiour O selection bit Toggle

(i=0to4) N F.F.

Clocks 2,16, f64, and f512: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

Fig. 6.2.1 Timer A block diagram
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6.2 Block description

6.2.1 Counter and reload register (Timer Ai register)

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

The counter performs countdown each time a count source is input. In the event counter mode, it can also
function as an up-counter.

The reload register is used to memorize the initial value of a counter. When an underflow/overflow occurs
in the counter, the reload register’s contents is reloaded into the counter. However, when the free-run count
function is used, the reload register’s contents is not reloaded into the counter.

Values are set to the counter and reload register by writing the values to the timer Ai register. Table 6.2.1
lists the memory allocation of the timer Ai register.

A value written into the timer Ai register while counting is stopped is set to the counter and reload register.
A 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 is transferred to the counter at the next reload time. A
value obtained by reading out the timer Ai register depends on the operating mode. Table 6.2.2 lists
reading and writing from and to the timer Ai register.

Table 6.2.1 Memory allocation 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 4B16 Address 4A16
Timer A3 register Address 4D16 Address 4C16
Timer A4 register Address 4F16 Address 4E16
Note: At reset, the contents of the timer Ai register is undefined.

Table 6.2.2 Reading and writing from and to timer Ai register

Operating mode Read Write
Timer mode Counter value is read out. <While counting is in progress>
Event counter mode (Note 1) Written only to the reload register.
One-shot pulse mode Undefined value is read out. | <While counting is stopped>
Pulse width modulation (PWM) mode Written to both of the counter and
reload register.

Notes 1: Also refer to “Precautions in timer mode” and “Precautions in event counter mode.”
2: Perform reading or writing by the 16 bits.
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6.2 Block description

6.2.2 Count start flag

This register is used to start or stop counting. Each bit of this register corresponds to each timer, respectively.
Figure 6.2.2 shows the structure of the count start flag.

b7 b6 b5 b4 b3 b2 bl bo

| | | | | | | | | Count start flag (address 4016)

Bit Bit name Functions Atreset| RW
Leme 0 Timer AO count start flag 0: Counting is stopped. 0 RW
T T I - 1: Counting is started.

et 1 Timer Al count start flag 0 RW
R RRREEl 2 | Timer A2 count start flag 0 RwW
e 3 Timer A3 count start flag 0 RW
N CRCREECEEETEEE 4 | Timer A4 count start flag 0 RwW
I RRREEEEEEEEEED 5 | Timer BO count start flag 0 | RW
B REREEEEEEEEEEEEEE 6 | Timer B1 count start flag 0 | RW
Bttt 7 | Timer B2 count start flag 0 RW

[] represents that bits 7 to 5 are not used for timer A.
Fig. 6.2.2 Structure of count start flag
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6.2 Block description

6.2.3 Timer Ai mode register

Figure 6.2.3 shows the structure of the timer Ai mode register. The operating mode selection bits are used
to select an operating mode of timer Ai. Bits 7 to 2 have different functions according to the operating
mode. These bits are described in a section of each operating mode.

b7 b6 b5 b4 b3 b2 bl bO

| | | | | | | | | Timer Ai mode register (i=0to 4) (addresses 5616 to 5A16)
A Bit Bit name Functions Atreset| RW
E E E E E E E Cemens 0 Operating mode selection bits "5'3’ Timer mode 0 RW
Lo 0 1: Event counter mode
S T T 1 0: One-shot pulse mode
T 1 1 1: Pulse width modulation (PWM) mode] O | RW
e Rttt 2 | These bits have different functions according to the operating mode. 0 [ RW
S bRLEETLE 3 0 RW
g 4 0 RW
L 5 0 | RW
R ERRCEEEEEEPEPEE 6 0 | RW
B EGCLEECTEEEPPPEEPPEEEE 7 0 RW

Fig. 6.2.3 Structure of timer Ai mode register
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6.2 Block description

6.2.4 Timer Ai interrupt control register
Figure 6.2.4 shows the structure of the timer Ai interrupt control register. For details about interrupts, refer
to chapter “4. INTERRUPTS.”

b7 b6 b5 b4 b3 b2 bl bo

Timer Ai interrupt control register (i = 0 to 4) (addresses 7516 to 7916)

A Bit Bit name Functions Atreset| RW
R E e 0 Interrupt priority level b2 b1 b o 0 RW
e selection bits 000: Level 0 (Interrupt is disabled.)
- 001:Levell Priority is low.
N 010: Level 2

e 1 011:Level 3 o | RW
- 100: Level 4

P 101: Level 5

- 110: Level 6

1 1 1 1 1 Lececee ===

oo 2 111 Level 7 Priority is high. O | RW
E : : : P EREEEEPEEES 3 Interrupt request bit 0: No interrupt request has occurred. 0 RW
oo 1: Interrupt request has occurred.

----------------- 7 to 4 | Notimplemented. Undefined —

Fig. 6.2.4 Structure of timer Ai interrupt control register

(1) Interrupt priority level selection bits (bits 2 to 0)
These bits select a timer Ai interrupt’'s priority level. When using timer Ai interrupts, select one priority
level from levels 1 to 7. If a timer Ai interrupt request is generated, its priority level is compared with
the processor interrupt priority level (IPL), and then the requested interrupt is enabled only when its
priority level is higher than the IPL. (However, this is applied when the interrupt disable flag (I) = “0.”)
When disabling 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 is generated. 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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6.2 Block description

6.2.5 Port P5 and port P6 direction registers

I/0O pins of timers A0 to A3 are multiplexed with port P5, and I/O pins of timer A4 are multiplexed with port
P6. When using these pins as timer Ai’s input pins, set the corresponding bits of the port P5 and port P6
direction registers to “0” in order to set these ports for the input mode. When using these pins as timer
Ai's output pins, these pins are forcibly set to output pins of timer Ai independent of the direction registers’
contents. Figure 6.2.5 shows the relationship between the port P5 and port P6 direction registers and the

timer Ai's 1/O pins.

b7

b6 b5 b4 b3 b2 bl bO

Port P5 direction register (address Das)

Bit Corresponding pin name Functions Atresetl RW
0 Pin P50/TAQouTt 0: Input mode 0 RW
1 | Pin P5J/TAON 1: Qutput mogg o | rRw
2 | Pin P52/TALour When using these pins | o | Rw

as timer Ai’s input pins,
3 Pin P53/TALN set the corresponding 0 RW
bits to “0.”
4 Pin P54/TA20ut 0 RW
5 Pin P5s/TA2in 0 RW
6 Pin P5s/TA3out 0 RW
7 Pin P57/TA3IN 0 RW
Port P6 direction register (address 101s)

Bit Corresponding pin name Functions Atresetl RW
0 Pin P6o/TA4out 0: Input mode 0 RW
1 | Pin P6/TA4N 1: Output mode o | rRwW
2 | Pin P62/INTo When using these pins 0 RW

as timer Ai's input pins,
3 Pin P63/INT:1 set the corresponding 0 RW
) — bits to “0.”
4 | Pin P64/INT2 0 | RW
5 Pin P65/TBOIN 0 RW
6 Pin P66/TB1in 0 RW
7 Pin P67/TB2in/F sus 0 RW

E] represents that bits 2 to 7 are not used for timer A.

Fig. 6.2.5 Relationship between port P5 and port P6 directio

n registers and timer Ai's 1/O pins
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6.3 Timer mode

6.3 Timer mode (Bits 1 and O of timer Ai mode register = “00

2)

In this mode, a count source internally generated is counted. (Refer to Table 6.3.1.) Figure 6.3.1 shows the
structures of the timer Ai mode register and timer Ai register in the timer mode.

Table 6.3.1 Specifications of timer mode

Item

Specifications

Count source

Clock f2, fie, fe4, or fs12

Count operation

e Countdown
e At an underflow, the reload register’s contents is reloaded, and counting
is continued.

Division ratio

1

(n+1) n: Set value in the timer Ai register

Count start condition

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

Count stop condition

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

Interrupt request occurrence timing

At an underflow

Pin TAIiIN's function

Programmable 1/O port or gate input

Pin TAiouT’s function

Programmable I/O port or pulse output

Read from timer

A counter value can be read out by reading the timer Ai register.

Write to timer

m While counting is stopped
When a value is written to the timer Ai register, it is written to both
of the reload register and counter.

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

Clocks f2, fie, fe4, and fs12: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”
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6.3 Timer mode

b7 b6 b5 b4 b3 b2 bl bO

(b15)

| | | Ol 0| Timer Ai mode register (i = 0 to 4) (addresses 5616 to 5A16)

Bit Bit name

Functions

At reset

RW

bits

e-- 0 Operating mode selection | bibo

0 0: Timer mode

RW

RW

-1 2 Pulse output function
selection bit

0: No pulse is output.
(Pin TAiout functions as a programmable
1/0O port.)
1: Pulse is output.
(Pin TAiout functions as a pulse output
pin.)

RW

b4 b3

-1 3 Gate function selection bits| 0 X: No gate function

(Pin TAin functions as a programmable
1/0 port.)

1 0: Counter counts only while pin TAiN's
input signal level is “L.”

1 1: Counter counts only while pin TAin's
input signal level is “H.”

RW

RW

................... 5 Must be fixed to “0” in the timer mode.

..................... 6 Count source selection bits

(b8)
bo

RW

b7 b6

0 0: Clock f2
0 1: Clock fi6
1 0: Clock fea
1 1: Clock fs12

RW

RW

Clocks f2, fie, fe4, and fs12: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

b7 b0

Timer AO register (addresses 4716, 4616)
Timer Al register (addresses 4916, 4816)
Timer A2 register (addresses 4Bu1s, 4A16)
Timer A3 register (addresses 4D16, 4C16)
Timer A4 register (addresses 4Fis, 4E16)

Bit Functions

At reset

RW

------------------------- 15 to 0| Values 000016 to FFFF16 can be set.

Assuming that the set value = n, counter

At reading this register, the counter value is
read out.

divides the count source frequency by (n + 1).

Undefined

RW

Fig. 6.3.1 Structures of timer Ai mode register and timer Ai register in timer mode
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6.3 Timer mode

6.3.1 Setting for timer mode

Figures 6.3.2 and 6.3.3 show an initial setting example for registers related to the timer mode.

Note that when using interrupts, setting for enabling interrupts is required. For details, refer to chapter “4.
INTERRUPTS.”

/ Selection of the timer mode and each function \
b7 b0
| | | 0 | | | | 0 | 0 | Timer Ai mode register (i = 0 to 4) (addresses 5616 to 5A16)

Timer mode is selected.

Pulse output function selection bit
0: No pulse is output.
1: Pulse is output.

Gate function selection bits

b4 b3
0 X: No gate function

1 0: Counter counts only while pin TAin's input signal level is “L.”
1 1: Counter counts only while pin TAiN's input signal level is “H.”

Count source selection bits

b7 b6

: X: It may be either “0” or “1.”

8 2 g:ocllz :2 Clocks f2, fis, fes, and fs12: Refer to chapter
C el “14. CLOCK GENERATING CIRCUIT.”

1 0: Clock fea

\ 1 1: Clock fs12 J

/ Setting of the division falio Timer AO register (addresses 4716, 4616)
(b15) s bo Timer Al register (addresses 4916, 4816)

Timer A2 register (addresses 4B16, 4A16)
| | | Timer A3 register (addresses 4Dz1s, 4Cas)

Timer A4 register (addresses 4Fis, 4E16)
\— Values 000016 to FFFF16 (n) can be set. /

O Counter divides the count source frequency by (n + 1).

— =

S

Continued to
“Initial setting example for registers related to timer mode (2)”
on the next page

Fig. 6.3.2 Initial setting example for registers related to timer mode (1)
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6.3 Timer mode

~

S

Continued from
“Initial setting example for registers related to timer mode (1)”
on the preceding page

Setting of the interrupt priority level

b7 b0

Timer Ai interrupt control register
_:]EI (addresses 7516 to 7916)

Interrupt priority level selection bits
When using interrupts, one of levels 1 to 7 must be set.

\ When disabling interrupts, level 0 must be set.

Setting of the port P5 and port P6 direction registers

b7 b0
| | | | | | | | |PortP5direction register (address Dzs)

Pin TAOIN
— PinTAlN
Pin TA2IN
Pin TA3IN

b7 b0
| | | | | | | | |PortP6 direction register (address 101s)

\— Pin TA4IN

When the gate function is selected, set the bit corresponding to pin TAin to “O

”

/

~

Setting of the count start flag to “1.”

b7 b0
| | | | | | | | |Countstartflag (address 4016)

LTimer AO count start flag
—— Timer Al count start flag
—Timer A2 count start flag

— Timer A3 count start flag

\ L Timer A4 count start flag /

Counting is started.

Fig. 6.3.3 Initial setting example for registers related to timer mode (2)
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6.3 Timer mode

6.3.2 Count source

In the timer mode, by the count source selection bits (bits 6 and 7 at addresses 5616 to 5A16), a count
source can be selected. Table 6.3.2 lists the relationship between the count source selection bits and count
source.

Table 6.3.2 Relationship between count source selection bits and count source

b7 b6 | Count Frequency of count source
! source | When system clock = 25 MHz When system clock = 16 MHz When system clock = 8 MHz
0,0 f 12.5 MHz 8 MHz 4 MHz
0,1 fis 1.5625 MHz 1 MHz 500 kHz
1 i 0 fea 390.625 kHz 250 kHz 125 kHz
1 | 1 f512 48.8281 kHz 31.25 kHz 15.625 kHz

Clocks f2, fi6, f64, fs512, and system clock: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

Note: This is applied when the system clock selection bit (bit 3 at address 6C16) = “0” and the main clock
division selection bit (bit 0 at address 6F16) = “0.” (For details, refer to chapter “14. CLOCK GENERATING
CIRCUIT.")
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6.3 Timer mode

6.3.3 Operation in timer mode
O When the count start flag is set to “1,” the counter starts counting of the count source.
O When an underflow occurs, the reload register's contents is reloaded, and then counting is continued.
O The timer Ai interrupt request bit is set to “1” when the underflow occurs in [O.
After this, the interrupt request bit remains set to “1” until the interrupt request is accepted or the
interrupt request bit is cleared to “0” by software.

Figure 6.3.4 shows an operation example in the timer mode.

n = Reload register’s contents
FFFF16 Counting is started.

/ . 160 (n+1) . Cou?ting is ?topped.
¢+—>

--d

Counter contents (Hex.)
)
:I_i

000016

Time

Set to “1” by software

N

Cleared to “0” by software

N
L

re

wqn

1
Count start flag “0r

w
@
@
=
3
=
o
<
(2]
o
=
s
-—- - - ____g)________

Timer Ai interrupt “1” ’—|—,—| ,—
request bit «g»

fi = Frequency of count source ? ¢

(f2, fas, fos, fs12) Cleared to “0” when an interrupt request is
accepted; otherwise, cleared by software

Fig. 6.3.4 Operation example in timer mode (without pulse ou tput and gate functions)
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6.3 Timer mode

6.3.4 Selectable functions
The gate and pulse output functions are described below.

(1) Gate function

The gate function is selected by setting the gate function selection bits (bits 4 and 3 at addresses 5616
to 5A16) to “102” or “112.” When the gate function is selected, counting can be started or stopped by
pin TAIiIN's input signal. Table 6.3.3 lists the count valid levels. Figure 6.3.5 shows an operation
example when the gate function is selected.

When selecting the gate function, set the port P5 and port P6 direction registers’ bits which correspond
to pin TAIIN for the input mode. Also make sure that pin TAIIN’'s input signal has a pulse width equal
to or greater than two cycles of the count source.

Table 6.3.3 Count valid levels

Gate function selection bits . : .
Count valid level (Duration of counting)
b4 b3
1 0 While pin TAIIN's input signal level is “L”
1 1 While pin TAIIN’s input signal level is “H”

Note: The counter does not count while pin TAIIN’s input signal is not at the count valid level.
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6.3 Timer mode

FFFF16

Counter contents (Hex.)

000016

wqn

Count start flag “gr

. o Count
Pin TAIN'S  yalid level

input signal

Timer Ai interrupt “1”
request bit «g”

the count valid level.

o]

n = Reload register’s contents

O Counting is started.

Vo /0 Counting is stopped.

Set to “1” by software

v

Time

1

[

O Counter stops counting while pin TAin's input signal is not at the count valid level,
and counter value is retained.

O Counting is performed while the count start flag = “1” and pin TAin’s input signal is at

?

Cleared to “0” when
an interrupt request
is accepted; otherwise,
cleared by software

Fig. 6.3.5 Operation example when gate function is selected

6-16

7733 Group User’s Manual




TIMER A

6.3 Timer mode

(2) Pulse output function
The pulse output function is selected by setting the pulse output function selection bit (bit 2 at
addresses 5616 to 5A16) to “1.” When this function is selected, pin TAiouT is forcibly set as the pulse
output pin independent of the corresponding bits of the port P5 and port P6 direction registers. And
then, pin TAiouT outputs the signal of which polarity is inverted each time an underflow occurs.
When the count start flag (address 4016) = “0,” in other words, when counting is stopped, pin TAiouT
outputs “L” level. Figure 6.3.6 shows an operation example when the pulse output function is selected.

n = Reload register’s contents
FFFF16 Counting is started.

Counting is stopped.
: ; : g

Counter contents (Hex.)

000016L— . ‘ ; : -
: ! : Time

1 Setto “1” by software ! Cleared t0 “0” by software | | Setto*“1” by software

Count start flag é J l_l :

Pul tput f ‘1" ' ‘ |—| :
| | | ﬁ

Timer Ai interrupt 1" ' ‘
request bit “0”

T T

Cleared to “0” when an interrupt request is accepted; otherwise, cleared by software

Fig. 6.3.6 Operation example when pulse output function is s elected
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[Precautions in timer mode]

While counting is in progress, by reading out the timer Ai register, the counter value can be read at an
arbitrary timing. However, when reading is performed at the reload timing shown in Figure 6.3.7, value
“FFFF16” 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
t |
counter VA 2 |1 l0 | n |n-1
Read val
% e 2 | 1| 0 [FFFF[n-1
n = Reload register’s contents Time

Fig. 6.3.7 Timer Ai register read out
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6.4 Event counter mode

6.4 Event counter mode (Bits 1 and O of timer Ai mode register = “01

2)

In this mode, an external signal is counted. (Refer to Tables 6.4.1 and 6.4.2.) Figures 6.4.1 and 6.4.2 show
the structures of the timer Ai mode register and timer Ai register in the event counter mode.

Table 6.4.1 Specifications of event counter mode (when not using two-phase pulse signal processing function)

Item

Specifications

Count source

External signal input to pin TAIIN
e “Falling edge” or “Rising edge” can be selected as the valid edge of
the count source by software.

Count operation

e “Countup” or “countdown” can be selected by the external signal or
software

e At an overflow or underflow, the reload register’s contents is reloaded,
and counting is continued (Note).

Division ratio

< While counting down>
1

(n+1)
< While counting up>
1
(FFFF16 — n + 1)

n: Set value in the timer Ai register

Count start condition

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

Count stop condition

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

Interrupt request occurrence timing

At an overflow or underflow

Pin TAIiIN's function

Count source input

Pin TAiouT’s function

Programmable 1/O port, pulse output, or countup/countdown switch
signal input

Read from timer

A counter value can be read out by reading the timer Ai register.

Write to timer

m While counting is stopped
When a value is written to the timer Ai register, it is written to both
of the reload register and counter.

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

Note: This is applied when not using the free-run count function.
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Table 6.4.2 Specifications of event counter mode (when using two-phase pulse signal processing
function in timers A2, A3, and A4)

Item

Specifications

Count source

External signal (two-phase pulse) input to pin TAjIN or TAjouT
(j =2to 4)

Count operation

e “Countup” or “countdown” can be selected by the external signal
(two-phase pulse).

e At an overflow or underflow, the reload register’s contents is reloaded,
and counting is continued. (Note)

Division ratio

< While counting down>

1
(n+1)
< While counting up>
1
(FFFF16 — n + 1) n: Set value in the timer Aj register

Count start condition

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

Count stop condition

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

Interrupt request occurrence timing

At an overflow or underflow

Pin TAjIN, TAjouT'’s (j = 2 to 4) function

Two-phase pulse input

Read from timer

A counter value can be read out by reading the timer A2, A3, or A4 register.

Write to timer

m While counting is stopped
When a value is written to the timer A2, A3, or A4 register, it is
written to both of the reload register and counter.

m While counting is in progress
When a value is written to the timer A2, A3, or A4 register, it is
written only to the reload register. (Transferred to the counter at the
next reload time.)

Note: This is applied when not using the free-run count function.
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6.4 Event counter mode

b7 b6 b5 b4 b3 b2 bl b0 . .
Timer A0 mode register (address 5616)
| Dl DI 0 | | | | 0 | 1 | Timer A1 mode register (address 571s)
E E E E E E E E Bit Bit name Functions Atreset| RW
R - - oy
N i (giyzt)sratmg mode selection 0 1: Event counter mode 0 RW
L e ! 0 [ rw
E E E E E SR 2 Pulse output function 0: No pulse is output. (Pin TAOout or TAlout 0 RW
o or selection bit functions as a programmable 1/O port.)
ooy e 1: Pulse is output. (Pin TAOour or TAlour
N functions as a pulse output pin.)
| | | i S 3 Count p0|arity selection bit 0 Counts at fa”mg edge of external S_ignal 0 RW
oo 1: Counts at rising edge of external signal
i : : e RIORLTLITY 4 Up-down switching factor 0: Contents of the up-down flag 0 RW
oo selection bit 1: A signal which is input to pin TAOour or TALour
R EEEEEEEEEE 5 | Must be fixed to “0” in the event counter mode. 0 RW
AL EEEEEEEEEEE LR 6 | These bits are ignored in the event counter mode. 0 RW
ettt el 7 0 RW
b15 b8
(b7) (bO) b7 b0
Timer AO register (addresses 4716, 4616)
Timer Al register (addresses 4916, 4816)
: Bit Functions Atresetl RW
b - - 15 to Of Values 00001 to FFFF16 can be set. Undefined | RW
Assuming that the set value = n, counter
divides the count source frequency by (n + 1)
in down-counting, or by (FFFFis — n + 1) in up-
counting.
At reading this register, the counter value is
read out.
Fig. 6.4.1 Structures of timer A0 and Al mode registers and timer AO and Al registers in event

counter mode
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b7 bs b5 b4 b3 b2 b1 bo  Timer A2 mode register (address 5816)

| | | 0 | | | | 0 | 1 | Timer A3 mode register (address 5916)
— 4ttt 1 1 1, Timer A4 mode register (address 5A1s)
(R Bit Bit name Functions Atresetl RW
e (s_[t)erating mode selection | 9%’ £yent counter mode 0 RW
T its
e 1 0 [ rw
L 2 | Pulse output function 0: No pulse is output. (Pin TA2our, TA3our, or | 0 RW
oo selection bit TAd4our functions as a programmable I/O
o port.)
oo 1: Pulse is output. (Pin TA2our, TA3our, or
oo TA4out functions as a pulse output pin.)
LR 3 Count polarity selection bit | 0: Counting is performed at the falling edge of| 0 RwW
. the external signal.
I 1: Counting is performed at the rising edge of
o the external signal.
E E E R 4 Up-down switching factor 0: Contents of the up-down flag 0 RW
o selection bit 1: A signal which is input to pin TA2ouT,
E E E TA3our, or TA4out
E E R 5 Must be fixed to “0” in the event counter mode. 0 RW
T EEEEEEEEEEEEPPPPERE 6 | Count type selection bit 0: Reload count type 0 RW
' 1: Free-run count type
L EEEEEEE L L L LR PP 7 | Two-phase pulse signal 0: Normal processing 0 RW

processing type selection 1: Quadruple processing
bit (Note)
Note: This bit is valid only for the timer A3 mode register.
For the timer A2 and A4 mode registers, this bit is ignored. (It may be “0” or “1.”)

(b15) (b8)

b7 bo b7 50 Timer A2 register (addresses 4Bis, 4A16)

Timer A3 register (addresses 4D16, 4C16)
Timer A4 register (addresses 4F16, 4E16)

Bit Functions Atreset| RW

------------------------- 15 to O Values 000016 to FFFF1s can be set. Undefined | R\W
Assuming that the set value = n, counter
divides the count source frequency by (n + 1)
in down-counting, or by (FFFFis —n + 1) in
up-counting.

At reading this register, the counter value is
read out.

Fig. 6.4.2 Structures of timer A2, A3, and A4 mode registers and timer A2, A3, and A4 registers in
event counter mode
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6.4.1 Setting for event counter mode

Figure 6.4.3 and 6.4.4 show an initial setting example for registers related to the event counter mode.
Note that when using interrupts, setting for enabling interrupts is required. For details, refer to chapter “4.

INTERRUPTS.”

{

/Selection of the event counter mode and each function \
b b
| ! | | 0 | | | | 0 | fl Timer Ai mode register (i = 0 to 4)

(addresses 5616 to 5A16)

Event counter mode is selected.
Pulse output function selection bit
0: No pulse is output.
1: Pulse is output.
Count polarity selection bit
0: Counts at falling edge of external signal.
1: Counts at rising edge of external signal.
Up-down switching factor selection bit
0: Contents of the up-down flag
1: Input signal to pin TAiout

Count type selection bit

(Valid only for i = 2 to 4)
0: Reload count type
1: Free-run count type

Two-phase pulse signal processing type selection bit

.

(Valid only for i = 3)
0: Normal processing
1: Quadruple processing

)

~

Setting of the up-down flag
b7 b0

HEEEE
B

Up-down flag (address 4416)

Timer AO up-down flag
Timer A1 up-down flag
-————Timer A2 up-down flag
Timer A3 up-down flag
Timer A4 up-down flag
Timer A2 two-phase pulse signal
processing selection bit

Timer A3 two-phase pulse signal
processing selection bit

Timer A4 two-phase pulse signal
\ processing selection bit /

*When up-down flag is selected as up-down switching
factor, set corresponding up-down flag.
0: Countdown
1: Countup

*Selection of the two-phase pulse signal processing function
Set the corresponding bit to “1.”
0: Two-phase pulse signal processing function is disabled.
1: Two-phase pulse signal processing function is enabled.

(b15)
b7

Setting of the division ratio

Timer AO register (addresses 4716, 4616)

((6:) Timer Al register (addresses 4916, 4816)

b0 b b0 _. :
i Timer A2 register (addresses 4B1s, 4A16)
Timer A3 register (addresses 4Dz1s, 4Cas)

Timer A4 register (addresses 4F16, 4E16)

\— Values 000016 to FFFF16 (n) can be set.

O Counter divides the count source frequency by (n + 1)
while counting down or by (FFFF1s — n + 1) while counting
up.

Continued to

“Initial setting example for registers related to event counter mode (2)”

on the next page

Fig. 6.4.3 Initial setting example for registers related to

event counter mode (1)
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Continued from
“Initial setting example for registers related to event counter mode (1)”
on the preceding page

Setting of the interrupt priority level
b7 b0

Timer Ai interrupt control register
_:IEI (addresses 7516 to 7916)
Interrupt priority level selection bits

When using interrupts, one of levels 1 to 7 must be set.
When disabling interrupts, level 0 must be set.

Setting of the port P5 and port P6 direction registers

b7 b0
| | | | | | | | |PortP5direction register (address Dis)

Pin TAOout

— Pin TAOIN
Pin TAlout
Pin TALIN
Pin TA2out
Pin TA2IN
Pin TA3out
Pin TA3IN

b7 b0
| | | | | | | | |Port P6 direction register (address 1016)

Pin TAdout
— Pin TA4iN

Set a bit corresponding to pin TAiIN to “0.”

When the two-phase pulse signal processing function is selected, or
when pin TAiouT's input signal is selected as the up-down switching
factor, set a bit corresponding to pin TAiout to “0.”

Setting of the count start flag to “1”
b7 b0
| | | | | | | | | Count start flag (address 4016)

L Timer AO count start flag

—— Timer Al count start flag

Timer A2 count start flag

Timer A3 count start flag

\\ ——— Timer A4 count start flag /

Counting is started.

Fig. 6.4.4 Initial setting example for registers related to event counter mode (2)
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6.4.2 Operation in event counter mode

O When the count start flag is set to “1,” the counter starts counting of the count source.

O The counter counts the count source’s valid edges.

O When an underflow or overflow occurs, the reload register’s contents is reloaded, and then counting is
continued.

O The timer Ai interrupt request bit is set to “1” when the underflow or overflow occurs in O.
After this, the interrupt request bit remains set to “1” until the interrupt request is accepted or the
interrupt request bit is cleared to “0” by software.

Figure 6.4.5 shows an operation example in the event counter mode.

n = Reload register’s contents
[ 7] ettt ittt ittt

Counting is started.

Counter contents (Hex.)
=}
.3 :
o

000016

Time

Set to “1” by software

i

Count start “1”
flag «q»

Set to “1” by software

Up-down flag “1”

'
'
'
1
'
'
'
'
1
1
1
'
|
T
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
1
'
'
'
'
'
'
'

Timer Ai interrupt “1” |—| |—| |
request bit «g»

Nt

Cleared to “0” when an interrupt request is accepted; otherwise, cleared by software

O The above is applied when the up-down flag’s content is selected as the up-down switching factor (i.e., up-down
switching factor selection bit = “0").

Fig. 6.4.5 Operation example in event counter mode (without free-run count function, pulse output
function, and two-phase pulse signal processing function)
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(1) Switching between countup and countdown

A register named “up-down flag” (address 4416) or pin TAiouT’s input signal switches countup from
and to countdown. This switching is performed by an up-down flag when the up-down switching factor
selection bit (bit 4 at addresses 5616 to 5A16) = “0” and by pin TAiouT’s input signal when the up-down

switching factor selection bit = “1.”

When the switching between countup and countdown is set while counting is in progress, this switching
is realized at the next valid edge of the count source.

m When switching by up-down flag

Countdown is performed when the up-down flag
flag = “1.” Figure 6.4.6 shows the structure of the up-down flag.

m When switching by pin TAiouT’s input signal

“0,” and countup is performed when the up-down

Countdown is performed when pin TAiouT’s input signal level is “L” and countup is performed when
it is “H.”
When switching countup from and to countdown by pin TAiouT’s input signal, set a port P5 or P6
direction register’'s bit which corresponds to pin TAiouT for the input mode.

b3

b2 bl bo
| Up-down flag (address 441s)
Bit Bit name Functions Atreset| RW
E E O I Timer AO up-down flag 0: Countdown 0 RW
' ' 1: Countup
A 1 Timer Al up-down flag 0 RW
' - This bits is valid when the contents
"""""" 2 | Timer A2 up-down fiag of the up-down flag is selected as 0 RW
_______________ 3 Timer A3 up-down flag the up-down switching factor. 0 RW
----------------- 4 Timer A4 up-down flag 0 RW
..................... 5 | Timer A2 two-phase pulse signal | 0: Two-phase pulse signal 0 [ WO
processing selection bit|  processing function is disabled.
3 - 1: Two-phase pulse signal
6 Timer A3 two-phase pulse signal processing function is enabled. 0 WO
processing selection bit
When not using the two-phase pulse
Timer A4 two-phase pulse signal g P b 0 WO

processing selection bit

signal processing function, be sure
to set this bit to “0.”
This bit is “0” at reading.

Note: When writing to bits 5 to 7, use the LDM or STA instruction.

Fig. 6.4.6 Structure of up-down flag
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6.4.3 Selectable functions
The free-run count, pulse output, and two-phase pulse signal processing functions are described below.

(1) Free-run count function (Timers A2 to A4)
For timers A2 to A4, when the count type selection bit (bit 6 at addresses 5816 to 5A16) is set to “1,”
the free-run count function is selected. When the free-run count function is selected, although a timer
A2/A3/A4 interrupt request is generated at an overflow or underflow, the reload register’s contents is
not reloaded into the counter.
Figure 6.4.7 shows an operation example when the free-run count function is selected.

n = Reload register’s contents 0

FFFF16

Counting is started.

i

Counter contents (Hex.)

O

Set to “1” by software

000016 ; L‘

Count start “1”
flag «o”

Setto “1” by software

Up-down flag “1”
“Q

Timer A2/A3/A4 «q»
interrupt request
ptrequest ., ] l—

N bt

Cleared to “0” when an interrupt request is accepted; otherwise, cleared by software

O After an underflow, counter starts counting from FFFF16.
0 After an overflow, counter starts counting from 000016.

0 The above is applied when the up-down flag’s contents is selected as the up-down switching factor
(i.e., up-down switching factor selection bit = “0").

Fig. 6.4.7 Operation example when free-run count function is selected (without pulse output function
and two-phase pulse signal processing function)
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(2)

(3)

Pulse output function

The pulse output function is selected by setting the pulse output function selection bit (bit 2 at
addresses 5616 to 5A16) to “1.” When this function is selected, pin TAiouT is forcibly set as the pulse
output pin independent of the corresponding bit of the port P5 or port P6 direction register. And then,
pin TAIoOUT outputs a signal of which polarity is inverted each time an underflow or overflow occurs
(Refer to Figure 6.3.6).

When the count start flag (address 4016) = “0,” in other words, when counting is stopped, pin TAiouT
outputs “L” level.

Two-phase pulse signal processing function (Timers A2 to A4)

For timers A2 to A4, the two-phase pulse signal processing function is selected by setting the two-
phase pulse signhal processing selection bits (bits 5 to 7 at address 4416) to “1.” (Refer to Figure
6.4.6.) Figure 6.4.8 shows the timer A2, A3, and A4 mode registers when the two-phase pulse signal
processing function is selected.

In a timer with the two-phase pulse signal processing function selected, two kinds of pulses of which
phases differ by 90 degrees are counted. There are two types of the two-phase pulse signal processing:
normal processing and quadruple processing. In timer A2, normal processing is performed; in timer
A4, quadruple processing is performed. In timer A3, either normal processing or quadruple processing
can be selected by the two-phase pulse signal processing type selection bit (bit 7 at address 5916).
Some bits of the port P5 and P6 direction registers correspond to pins used for the two-phase pulse
input. Set these bits for the input mode.

O
b7 b6 b5 b4 b3 b2 bl bo
| | | 0 | 1| 0 | 0 | 0 | 1 | Timer A2 mode register (address 5816)
. Timer A3 mode register (address 5916)
Timer A4 mode register (address 5Az1s)

bommmmmmm e 0: Reload count type
1: Free-run count type

O: Bit 7 of the timer A3 mode register is used to select the two-phase pulse signal
processing type of timer A3.
Normal processing is selected when this bit = “0,” and quadruple processing
is selected when this bit = “1.”
Bit 7 of the timer A2/A4 mode register is ignored. (It may be “0” or “1.”)

Fig. 6.4.8 Timer A2, A3, and A4 mode registers when two-phase pulse signal processing function is selected
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m Normal processing
Countup is performed at the rising edges of pin TAkiN (k = 2 and 3) if the phase relationship is such
that pin TAKIN’s input signal level changes from “L” to “H” while pin TAkouT’s input signal level is
g
Countdown is performed at the falling edges of pin TAKIN if the phase relationship is such that pin
TAKIN's input signal level changes from “H” to “L” while pin TAkouT’s input signal level is “H.” (Refer
to Figure 6.4.9.)

“
TAKouT J L
oL »

“H” .
TAKin j
k=2,3) ‘L - | ]L
Counted Counted Counted Counted Counted Counted
up up up down down down

+1 +1 +1 L 1 1 -1

Fig. 6.4.9 Normal processing

m Quadruple processing

Countup is performed at the rising and falling edges of pins TAlouT (I = 3 and 4) and TAIN if the
phase relationship is such that pin TAlIN's input signal level changes from “L” to “H” while pin
TAlouT’s input signal level is “H.”

Countdown is performed at the rising and falling edges of pins TAlouT and TAIN if the phase
relationship is such that pin TAlIN's input signal level changes from “H” to “L” while pin TAlouT’s
input signal level is “H.” (Refer to Figure 6.4.10.)

Table 6.4.3 lists input signals of pins TAlouT and TAIIN when the quadruple processing is selected.

“H” .

TAlout L«T L
~— ~——
§Couhted up at all edges Coudted dbwn ét all edges
1 +1 +1 +1 +1 T s |

“H”

TAIN

(1=3,4) " ~— ~—— :

' Counted up at all edges Counted down at all edges
+1 +1 +1 +1 41 R K, RS R |

Fig. 6.4.10 Quadruple processing
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Table 6.4.3 Pin TAl ouT and TAIIN's input signals when quadruple processing is selected

Input signal of pin TAlouT Input signal of pin TAIN

“H” level Rising edge

Countup “‘L” level Falling edge
Rising edge “L" level
Falling edge “H” level

“H” level Falling edge

Countdown “L” level Rising edge
Rising edge “H” level
Falling edge “L" level
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[Precautions in event counter mode]

1. While counting is in progress, by reading out the timer Ai register, the counter value can be read at an
arbitrary timing. However, when reading is performed at the reload timing shown in Figure 6.4.11, value
“FFFF16” is read out at an underflow and value “000016” is read out at an overflow. 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.

(1) While counting down (2) While counting up
Reload Reload

Counter value

T e 2 | 1] 0] nn |n-1 Counter o, |FFFD|FFFE|FFFF n [n+1
Read value

(Hex.) 2 | 1| o |FFFR[n-1 Readiny  |FFFD|FFFE|FFFF|0000| n + 1

Time Time
n = Reload register’s contents n = Reload register’s contents

Fig. 6.4.11 Timer Ai register read out

2. Pin TAiourT is used for all functions listed below. Therefore, only one of the following functions can be
used for one timer.
e Switching between countup and countdown by pin TAiouT’s input signal
e Pulse output function
e Two-phase pulse signal processing function (Timers A2 to A4)

7733 Group User’'s Manual 6-31



TIMER A

6.5 One-shot pulse mode

6.5 One-shot pulse mode (Bits 1 and O of timer Ai mode register = “10

2”

In this mode, a pulse which has an arbitrary width is output once. (Refer to Table 6.5.1.) After a trigger
occurs, “H” level is output from pin TAiouT for an arbitrary time. Figure 6.5.1 shows the structures of the
timer Ai mode register and timer Ai register in the one-shot pulse mode.

Table 6.5.1 Specifications of one-shot pulse mode

Item

Specifications

Count source

Clock f2, fie, fe4, or f512

Count operation

e Countdown

e When the counter value reaches “000016,” the reload register’'s contents
is reloaded, and counting stops.

e When a trigger occurs while counting is in progress, the reload
register’'s contents is reloaded, and counting is continued.

Output pulse width (“H")

n
- [s . . . )
fi [s] n: Set value in the timer Ai register

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 reaches “000016.”
e When the count start flag is cleared to “0.”

Interrupt request occurrence timing

When counting stops.

Pin TAIiIN's function

Programmable 1/O port or trigger input

Pin TAiouT’s function

One-shot pulse output

Read from timer

An undefined value is read out by reading the timer Ai register.

Write to timer

m While counting is stopped
When a value is written to the timer Ai register, it is written to both
of the reload register and counter.

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

Clocks f2, fie, fe4, and fs12: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

Note: A trigger occurs when the count start flag =

wg »
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b7 b6 b5 b4

b3 b2 bl bO

| 1 | 1 | 0 | Timer Ai mode register (i = 0 to 4) (addresses 5616 to 5Az16)

b15
(b7 )

b8
( bO)

Bit Bit name

Functions

At reset]

RW

bits

- 0 Operating mode selection

b1 b0
1 0: One-shot pulse mode

RW

RW

-4 2 Must be fixed to “1” in the one-shot pulse mode.

RW

-1 3 Trigger selection bits

b4 b3

port.)
1 0: Falling edge of the pin TAiw's input signal
1 1: Rising edge of the pin TAin’s input signal

0 X: Writing “1” to the one-shot start flag (Pin 0
TAin functions as a programmable 1/0

RwW

RwW

------------------- 5 Must be fixed to “0” in the one-shot pulse mode.

RW

b7 b6

""""""""""" 6 Count source selection bits | 5 o: Clock f2

0 1: Clock fie
1 0: Clock fea
1 1: Clock fs12

RW

RW

Clocks f2, fis, fes, and fsi2: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

Timer AO register (addresses 4716, 4616)
Timer Al register (addresses 4916, 4816)
Timer A2 register (addresses 4B16, 4A16)
Timer A3 register (addresses 4Dzs, 4C16)
Timer A4 register (addresses 4Fis6, 4E16)

Bit Functions

At reset

RW

15 to 0| Values 000016 to FFFF16 can be set.

Assuming that the set value = n, “H” level

TAiour is nffi.

width of the one-shot pulse output from pin

Undefined

wO

fi: Frequency of the count source (fz, fis, fes, Or fs12)

Fig. 6.5.1 Structures of timer Ai mode register and timer Ai

register in one-shot pulse mode
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6.5.1 Setting for one-shot pulse mode
Figures 6.5.2 and 6.5.3 show an initial setting example for registers related to the one-shot pulse mode.

Note that when using interrupts, setting for enabling interrupts is required. For details, refer to chapter “4.
INTERRUPTS.”

Selection of the one-shot pulse mode and each function
b7 b0
| | | 0 | | | 1 | 1 | 0 | Timer Ai mode register (i = 0 to 4) (addresses 5616 t0 5A1s6)

One-shot pulse mode is selected.

Trigger selection bits
b4 b3
0 X: Writing “1” to the one-shot start flag: Internal trigger
1 0: Falling edge of pin TAin's input signal: External trigger
1 1: Rising edge of pin TAin’s input signal: External trigger

Count source selection bits
b7 b6
0 0: Clock f2 X: It may be “0” or “1."
0 1: Clock fi6 Clocks f2, fis, fes, and fsi2: Refer to chapter “14. CLOCK
1 0: Clock fea GENERATING CIRCUIT.”

1 1: Clock fs12

Setting of the one-shot pulse’s “H” level width . .
(b15) ®8) Timer AQ register (addresses 4716, 4616)
b7 b0 b7 bo Timer Al register (addresses 4916, 4816)
| Timer A2 register (addresses 4Bis, 4A16)
Timer A3 register (addresses 4D16, 4C1s)
Timer A4 register (addresses 4Fis, 4E1s)

\— Values 000016 to FFFF16 (n) can be set.

0 “H” level width = n/fi
fi = Frequency of the count source (f2, fi, fe4, Or fs12)

However, if n = 000016, the counter does not operate and
pin TAiout outputs “L” level. At this time, no timer Ai
interrupt request is generated.

Setting of the interrupt priority level

b7 b0

Timer Ai interrupt control register
_:IEI (addresses 7516 to 7916)
Interrupt priority level selection bits

When using interrupts, one of levels 1 to 7 must be set.
When disabling interrupts, level 0 must be set.

Continued to
“Initial setting example for registers related to one-shot pulse mode (2)”
on the next page

Fig. 6.5.2 Initial setting example for registers related to one-shot pulse mode (1)
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When the external
trigger is selected

Continued from

“Initial setting example for registers related to one-shot pulse mode (1)”

on the preceding page

When the internal
trigger is selected

(s

~

~

etting of port P5 and port P6 direction registers Setting of count start flag to “1”
b7 b0o b7 bo
Port P5 direction
HEEEEEEE register (address Dic) [T T 111 L| Count start flag (address 4016)
Pin TAON Timer AO count start flag
Pin TALIN Timer Al count start flag
Pin TA2IN L————Timer A2 count start flag
Pin TA3IN L Timer A3 count start flag
b7 b0 ‘ )
| | | | | | | | | Port P6 direction ——————— —— Timer A4 count start flag
register (address 1016) \ /
\—Pin TA4IN :
\ Clear the corresponding bit to “0.” E
/Setting of count start flag to “1” \ /Setting of one-shot start flag to “1” \
b7 b0 b7 b0

| | | | | | | | |Countstartf|ag (address 4016)

———Timer A4 count start flag / \

| | | | |One-shotstartf|ag (address 4216)

B

——Timer Al count start flag

Timer AO count start flag

Timer A2 count start flag

Timer A3 count start flag

——Timer A4 one-shot start flag

LTimer A0 one-shot start flag
Timer Al one-shot start flag
——Timer A2 one-shot start flag
——Timer A3 one-shot start flag

Trigger input to
pin TAIN

Trigger is generated.

Counting is started.

Fig. 6.5.3 Initial setting example for registers related to one-shot pulse mode (2)
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6.5.2 Count source

In the one-shot pulse mode, by the count source selection bits (bits 7 and 6 at addresses 5616 to 5A16),
a count source can be selected. Table 6.5.2 lists the relationship between the count source selection bits
and count source.

Table 6.5.2 Relationship between count source selection bits and count source

b7 b6 | Count Frequency of count source
. source | When system clock = 25 MHz When system clock = 16 MHz When system clock = 8 MHz
0,0| f 12.5 MHz 8 MHz 4 MHz
0 : 1 fi6 1.5625 MHz 1 MHz 500 kHz
1 i 0 fe4 390.625 kHz 250 kHz 125 kHz
11| fs2 48.8281 kHz 31.25 kHz 15.625 kHz

Clocks f2, fi6, fe4, fs12 and system clock: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

Note: The above is applied when the system clock selection bit (bit 3 at address 6C16) = “0” and the main
clock division selection bit (bit 0 at address 6Fis) = “0.” (For details, refer to chapter “14. CLOCK
GENERATING CIRCUIT.")
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6.5.3 Trigger

The counter enters the count enable state when the count start flag (address 4016) is set to “1.”
the counter starts counting when a trigger occurs. An internal or external trigger can be selected as this

trigger.

And then

An internal trigger is selected when the trigger selection bits (bits 4 and 3 at addresses 5616 to 5A16) are

“002” or “012”; an external trigger is selected when the trigger selection bits are “102” or “112.”

When a trigger occurs during counting, the reload register’s contents is reloaded and the counter continues
counting. When generating a trigger during counting, make sure that a certain time which is equivalent to
two cycles of the timer’s count source or more has passed between the trigger previously generated and

a new trigger.

(1) When internal trigger is selected
A trigger is generated when the one-shot start flag (address 4216) is set to “1.” Figure 6.5.4 shows
the structure of the one-shot start flag.

(2) When external trigger is selected
A trigger is generated at the falling edge of pin TAIIN’s input signal when bit 3 at addresses 5616 to
5A16 = “0” or at the rising edge of pin TAIiIN’'s input signal when bit 3 = “1.”
When using an external trigger, set the port P5 or P6 direction register’s bit which corresponds to pin
TAIIN's for the input mode.

b7 b6 b5 b4 b3 b2 bl bo

One-shot start flag (address 4216)

Bit Bit name Functions Atreset| RW
i i i i i i i E. ..... 0 | Timer AO one-shot start flag 1: One-shot pulse output is started. 0 WO
Cooror (Valid when the internal trigger

Rthth 1 | Timer Al one-shot start flag is selected). 0 woO
i : : : : SR 2 | Timer A2 one-shot start flag “0” at reading. 0 WO
i : : : b 3 Timer A3 one-shot start flag 0 WO
i i i Ry 4 | Timer A4 one-shot start flag 0 WO
e 7 to 5 [ Not implemented. Undefined) ~ —

Fig. 6.5.4 Structure of one-shot start flag
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6.5 One-shot pulse mode

6.5.4 Operation in one-shot pulse mode

O

O

O

When the one-shot pulse mode is selected by the operating mode selection bits, pin TAiouT outputs “L”
level.

When the count start flag is set to “1,” the counter enters the count enable state, and then it starts
counting if a trigger occurs.

When the counter starts counting, pin TAiouT’s output level becomes “H.” (However, if value “000016”
is set in the timer Ai register, the counter does not operate and the output level of pin TAiouT remains
“L.” Nor is a timer Ai interrupt request generated.)

When the counter value reaches “000016,” the output level of pin TAiouT becomes “L.” And then, the
reload register’'s contents is reloaded, and the counter stops counting.

Simultaneously with O, a timer Ai interrupt request bit is set to “1.”

After this, the interrupt request bit remains set to “1” until the interrupt request is accepted or the
interrupt request bit is cleared to “0” by software.

Figure 6.5.5 shows an operation example in the one-shot pulse mode.

When a trigger occurs after O above, the counter and pin TAiouT perform the same operations beginning
from 0O again. When a trigger occurs during counting, the counter down-counts once after this new trigger
occurs. And then, the reload register’'s contents is reloaded and counting is continued. When generating
a trigger during counting, make sure that a certain time which is equivalent to two cycles of the timer’'s
count source or more has passed between the trigger previously generated and a new trigger.

The one-shot pulse output from pin TAiouT can be disabled by clearing the timer Ai mode register’s bit 2
to “0.” Therefore, timer Ai can be used as an internal one-shot timer that does not output the pulse. (In
this case, pin TAiouT functions as a programmable 1/O port.)
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6.5 One-shot pulse mode

n = Reload register’s contents

FFFF16 o Counting is
- Counting is started. stopped. . counting is started. Counting is stopped.
3 ~ : >
z n : T - S it I H i n
0 ! | '
1= ! , |
g I ! .., Reloaded 4 ! ., Reloaded
8 ! : : I
g : ! . ! ! ":
c 1 \ , 1
> 1 | ' !
o ' | 1 '
@) ! ! ' :
000116 : ' ' : , -
i E E E | Time
Set to “1” by software | E E E |
0 Count start “1” \' : : v :
(R | : : |
: : : E 0 Trigger during
; ' | / counting '
Pin TAin's “H” 4'—| E 4f—| 4—7—|
input signal « » ! : ' i
: 1/6i0(n) | E s 1/fi0Mn+1) !
One-shot pulse “H” I
output from pin « »
TAiout ! '
Timer Ai interrupt “1” |—| '7
request bit «q»
fi = Frequency of count source ?
(f2,f16,f64,f512) Cleared to “0” when an interrupt request is accepted; otherwise, cleared by software

O When the count start flag = “0,” in other words, when counting is stopped, pin TAiour outputs “L” level.
0 When a trigger occurs during counting, the counter counts the count source (n + 1) times after a new trigger occurs.

0 The above is applied when an external trigger (Rising edge of pin TAin's input signal) is selected.

Fig. 6.5.5 Operation example in one-shot pulse mode (when external trigger selected)
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6.5 One-shot pulse mode

[Precautions in one-shot pulse mode]

1. When the count start flag is cleared to “0” during counting, the followings are performed.
*The counter stops counting, and the reload register’'s contents is reloaded.
*Pin TAiouT’s output level becomes “L.”
*An interrupt request is generated, and a timer Ai interrupt request bit is set to “1.”

2. A one-shot pulse is output synchronously with an internally generated count source. Therefore, when an
external trigger is selected, in the period from when a trigger is input to pin TAIiIN until a one-shot pulse
is output, there will be a delay equivalent to one cycle of the count source at maximum.

Pin TAin's “H” ] )
input signal « » * Trigger input

Count
source

One-shot pulse
output from
pin TAiout

+ One-shot pulse output is started.
<

0O The above is applied when an external trigger (Falling edge of pin TAin's input signal) is selected.

Fig. 6.5.6 Delay in one-shot pulse output

3. When a timer’s operating mode is set by the procedure listed below, a timer Ai interrupt request bit is
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

Therefore, when using a timer Ai interrupt (Interrupt request bit), be sure to clear the timer Ai interrupt
request bit to “0” after setting the above.
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6.6 Pulse width modulation (PWM) mode (Bits 1 and 0 of timer Ai mode register =

“11 2’1)

In this mode, a pulse which has an arbitrary width is output in succession. (Refer to Table 6.6.1.) Figure
6.6.1 shows the structures of the timer Ai mode register and timer Ai register in the PWM mode.

Table 6.6.1 Specifications of PWM mode

Item

Specifications

Count source

Clock f2, fie, fe4, or fs512

Count operation

e Countdown (Operates as an 8-bit or 16-bit pulse width modulator)

e Reload register’'s contents is reloaded at the rising edge of PWM
pulse, and counting is continued.

e A trigger generated during counting does not affect the counting.

PWM period and “H” level width

<16-bit pulse width modulator>
216 — 1
fi
. K
“H” level width = f_ [s]
i

Period =

[s]

K: Set value in the timer Ai register

<8-bit pulse width modulator>
(m + 1)(28 - 1)
fi

nim + 1
_(T)_ [s]

Period =

[s]

“H” level width =
m: Set value in the low-order 8

bits of the timer Ai register
n: Set value in the high-order 8
bits of the timer Ai register

Count start condition

e When a trigger occurs.
e Internal or external trigger can be selected by software.

Count stop condition

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

Interrupt request occurrence timing

At the falling edge of PWM pulse

Pin TAIiIN's function

Programmable 1/O port or trigger input

Pin TAiouT’s function

PWM pulse output

Read from timer

An undefined value is read out by reading the timer Ai register.

Write to timer

m While counting is stopped
When a value is written to the timer Ai register, it is written to both
of the reload register and counter.

m While counting is in progress
When a value is written to the timer Ai register, it is written only to
the reload register.

Clocks f2, fie, fe4, and fs12: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”
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b7 b6

b5 b4 b3 b2 bl bo

(b15)
b7

| 1 | 1 | 1 | Timer Ai mode register (i = 0 to 4) (addresses 5616 to 5A16)

(b15)
b7

Bit Bit name Functions Atresetl RW
N bIb
. -1 o0 Operating mode selection 1110 PWM mode 0 RW
1 ] 1 1 1 bt
A S ' o [ Rw
P Reemeeeeed 2 Must be fixed to “1” in the PWM mode. 0 RW
. bab3 ) ) 0 RW
iy 3 Trigger selection bits 0 X: Writing “1” to the count start flag (Pin TAin
v functions as a programmable 1/0 port.)
o 1 0: Falling edge of the pin TAin's input signal
L 4 1 1: Rising edge of the pin TAin's input signal 0 RW
P 5 16/8-bit PWM mode 0: The counter operates as a 16-bit pulse 0 RW
selection bit width modulator.
1: The counter operates as an 8-bit pulse
width modulator.
) . b7 b6
--------------------- 6 Count source selection bits | 9 0: Clock f2 0 RW
0 1: Clock f16
1 0: Clock fe4
--------------------- 7 1 1: Clock fs12 0 | RW
Clocks f2, fis, fes, and fsi2: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”
m When operating as a 16-bit pulse width modulator
(b8) Timer AO register (addresses 4716, 4616)
bO b7 0 Timer A1 register (addresses 4916, 4816)
Timer A2 register (addresses 4Bis, 4A16)
i Timer A3 register (addresses 4Dz, 4Cz6)
Timer A4 register (addresses 4Fis, 4E16)
' Bit Functions Atreset| RW
L] 15 to 0| Values 000015 to FFFE1s can be set. un- | WO
Assuming that the set value = n, “H” level defined
width of the PWM pulse which is output from
pin TAiour is n/fi.
fi: Frequency of the count source (fz, fis, fes, Or f512)
m When operating as an 8-bit pulse width modulator
(b8) Timer AO register (addresses 4716, 4616)
b0 b7 bo Timer Al register (addresses 4916, 4816)
Timer A2 register (addresses 4Bis, 4A16)
r . Timer A3 register (addresses 4D1s, 4Cas)
' H Timer A4 register (addresses 4Fis, 4E16)
Bit Functions Atreset| RW
E Lo 7to 0| Values 0016 to FF1s can be set. un- | wo
! Assuming that the set value = m, period of | yefined
! the PWM pulse which is output from pin
: TAiour is (m + 1)(28 — 1)/fi.
Sy 15 to 8 Values 0016 to FE1s can be set. Un- [ wo
Assuming that the set value = n, “H” level defined

pin TAiour is n(m +1)/fi.

width of the PWM pulse which is output from

fi: Frequency of the count source (fz, fis, fes, OF f512)

Fig. 6.6.1 Structures of timer Ai mode register and timer Ai

register in PWM mode
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6.6.1 Setting for PWM mode

Figures 6.6.2 and 6.6.3 show an initial setting example for registers related to the PWM mode.

Note that when using interrupts, setting for enabling interrupts is required. For details, refer to chapter “4.
INTERRUPTS.”

/Selection of PWM mode and each function \

bo
| | | | | | 1| 1| 1| Timer Ai mode register (i = 0 to 4) (addresses 5616 to 5A16)

PWM mode selected

Trigger selection bits
b4 b3
0 X: Writing “1” to the count start flag: Internal trigger
1 0: Falling edge of pin TAin's input signal: External trigger
1 1: Rising edge of pin TAin's input signal: External trigger

16/8-bit PWM mode selection bit
0: The counter operates as 16-bit pulse width moduiator.
1: The counter operates as 8-bit pulse width modulator.

Count source selection bits

b7 b6
0 0: Clock f2
0 1: Clock fi6 X: It may be “0” or “1.”
. Clocks fz, fis, fes, and fsi2: Refer to chapter “14. CLOCK
1 0: Clock fi o vtdh Uh
1 2 SEEK f:iz GENERATING CIRCUIT.”

A /

/ Setting of PWM pulse’s period and “H”" level width \

mWhen operating as a 16-bit pulse width modulator _ )
(b15) b8) Timer AO register (addresses 4716, 4616)
b7

b0 b7 pbo Timer Al register (addresses 4916, 4816)

| | Timer A2 register (addresses 4B1s, 4A16)
Timer A3 register (addresses 4Di6, 4C1s)

Timer A4 register (addresses 4Fie, 4Ez1s)

\— Values 000016 to FFFEz16 (n) can be set.

mWhen operating as an 8-bit pulse width modulator

(b15) (b8) Timer AQ register (addresses 4716, 4616)
b7 b0 b7 bo  Timer Al register (addresses 4916, 4816)

| Timer A2 register (addresses 4B1s, 4A16)

Timer A3 register (addresses 4Dis, 4C1s)

Timer A4 register (addresses 4F16, 4E16)
Values 0016 to FF16 (m) can be set.
Values 0016 to FE16 (n) can be set.

. /

O When operating as an 8-bit pulse width modulator 0 When operating as a 16-bit pulse width modulator
Period = (m+1) (28 — 1)/fi Period = (216 — 1)/fi
“H” level width = n(m + 1)/fi fi: Frequency of the count source (f2, fis, fes, Or fs12)
fi: Frequency of the count source (f2, fis, fes, OF f512) However, if n = 00001, the pulse width modulator does not
However, if n = 0016, the pulse width modulator does not operate and pin TAiout outputs “L” level. At this time, no timer
operate and pin TAiour outputs “L” level. At this time, no Ai interrupt request is generated.
timer Ai interrupt request is generated.

Continued to
“Initial setting example for registers related to PWM mode (2)"
on the next page

Fig. 6.6.2 Initial setting example for registers related to PWM mode (1)
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Continued from
“Initial setting example for registers related to PWM mode (1)”
on the preceding page

~

Setting of the interrupt priority level

b7

b0
Timer Ai interrupt control register
(addresses 7516 to 7916)
Interrupt priority level selection bits

When using interrupts, one of levels 1 to 7
must be set.

When disabling interrupts, level 0 must

be set.

When the external \ j

trigger is selected

When the internal trigger is selected

/Setting of the port P5 and port P6 direction registers \ /Setting of the count start flag to “1”
b7 b0 N .
| | | | | | | | | Port P5 direction register b7 b0
(address Daie) | | | | | | | | | Count start flag (address 4016)
Pin TAOIN L Timer AO count start flag
P WA Timer Al count start flag
Pin TA2IN .
Pin TA3IN Timer A2 count start flag
b7 b0 . . . —— Timer A3 count start flag
| | | | | | | | | Port P6 direction register o na -
(address 1015) L————————— Timer A4 count start flag
Pin TA4iN
\ Clear the corresponding bit to “0.” /

/Setting of the count start flag to “1” \
b7 b0
| | | | | | | | | Count start flag (address 401s)

L Timer AO count start flag
Timer Al count start flag
Timer A2 count start flag

Timer A3 count start flag

\ ———Timer A4 count start flag j

Trigger input to
pin TAiN

-
-
-
AN NN NN NN NN NN NN NN NN NN EENENEEEENNEREEE

Trigger is generated.
Counting is started.

Fig. 6.6.3 Initial setting example for registers related to PWM mode (2)
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6.6 Pulse width modulation (PWM) mode

6.6.2 Count source
In the PWM mode, by the count source selection bits (bits 7 and 6 at addresses 5616 to 5A16), a count
source can be selected. Table 6.6.2 lists the relationship between the count source selection bits and count

source.

Table 6.6.2 Relationship between count source selection bits and count source

b7 | b6

Count Frequency of count source
! source | When system clock = 25 MHz When system clock = 16 MHz When system clock = 8 MHz
0,0] f 12.5 MHz 8 MHz 4 MHz
0,1 fie 1.5625 MHz 1 MHz 500 kHz
1,0 fe4 390.625 kHz 250 kHz 125 kHz
1]1] fs12 48.8281 kHz 31.25 kHz 15.625 kHz

Clocks f2, fie, fe4, f512, and system clock: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

Note: The above is applied when the system clock selection bit (bit 3 at address 6C16) = “0” and the main
clock division selection bit (bit 0 at address 6Fi6) = “0.” (For details, refer to chapter “14. CLOCK
GENERATING CIRCUIT.")

7733 Group User’s Manual

6-45



TIMER A
6.6 Pulse width modulation (PWM) mode

6.6.3 Trigger

When a trigger occurs, pin TAioUT starts the PWM pulse output. An internal or external trigger can be
selected as this trigger.

An internal trigger is selected when the trigger selection bits (bits 4 and 3 at addresses 5616 to 5A16) are
“002” or “012"; an external trigger is selected when the trigger selection bits are “102” or “112.”

A trigger generated during PWM pulse output is invalid and does not affect the pulse output operation.

(1) When internal trigger is selected
A trigger is generated when the count start flag (address 4016) is set to “1.”

(2) When external trigger is selected
A trigger is generated at the falling edge of the pin TAIiIN's input signal when bit 3 at addresses 5616
to 5A16 = “0” or at the rising edge of the pin TAIiIN's input signal when bit 3 = “1.” However, a trigger
input is accepted only when the count start flag = “1.”
When using an external trigger, set the port P5 or P6 direction register’s bit which corresponds to pin
TAIIN for the input mode.
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6.6.4 Operation in PWM mode

O When the PWM mode is selected by the operating mode selection bits, pin TAiouT outputs “L” level.

0 When a trigger occurs, the counter (Pulse width modulator) starts counting and pin TAioUT outputs a
PWM pulse (Notes 1 and 2).

O A timer Ai interrupt request bit is set to “1” each time the PWM pulse level changes from “H” to “L.”
After this, the interrupt request bit remains set to “1” until the interrupt request is accepted or the
interrupt request bit is cleared to “0” by software.

0 Each time a PWM pulse is output for one period, the reload register’s contents is reloaded and counting
is continued.

Operation of the pulse width modulator is described below.

[16-bit pulse width modulator]
When the 16/8-bit PWM mode selection bit is set to “0,” the counter operates as a 16-bit pulse width
modulator. Each of Figures 6.6.4 and 6.6.5 shows an operation example of the 16-bit pulse width modulator.

[8-bit pulse width modulator]

When the 16/8-bit PWM mode selection 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. Each of Figures 6.6.6 and 6.6.7 shows an operation example of the 8-bit pulse width modulator.

Notes 1: If a value of “000016” is set in the timer Ai register when the counter operates as a 16-bit pulse
width modulator, the pulse width modulator does not operate and the output level of pin TAiouT
remains “L.” Nor is a timer Ai interrupt request generated. These operations are also applied to
the case where a value of “0016” is set in high-order 8 bits of the timer Ai register when the
counter operates as an 8-bit pulse width modulator.

2: When the counter operates as an 8-bit pulse width modulator, after a trigger occurs, pin TAiouT
outputs “L” level of which width is the same as the PWM pulse’s “H” level width which was set.
And then, pin TAiouT starts the PWM pulse output.
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1/fi0(216-1)

-
-

vy

Pin TAIN'S i ignal A : Av.
n iN'sS |nput signal : |
oL | \

Uy

PRp——

Trigger is not generated by this signal.

—————«— 1/fi0(n)

PWM pulse output H
from pin TAiour | . .
Timer Ai interrupt ‘1
request bit
“gr . -
fi: Frequency of the count source \ /

(f2, fis, fe4, OF f512) Cleared to “0” when an interrupt request is accepted;
otherwise, cleared by software

O The above is applied when the reload register = 000316 and an external trigger (Rising edge of pin
TAIN's input signal) is selected.

Fig. 6.6.4 Operation example of 16-bit pulse width modulator

n = Reload register’s contents

E# (1/f)0 (218 -1) =E< (L/f)yO (218 -1) =E E (1/f)0 (218 -1) E
z e AI_[ : ; ;
% ' 1 ' '
2 : b ot : ! 7 :
5 T —————ee- ; S
c ' -1 ' ' '
8 (@¥—-1)—nf[-t-mmmmmmmmmos : : H ;
3 " : 1 !
% : i } i } : ’ :
o ! ' ' ' -- ‘k '
© : == -= : . ' :
000116l o 1 | ] i
! -t - ._: L Time
' Counting is  Counting is \
: stopped. restarted.

Pin TAin's “H”
input signal «_» 5

PWM pulse _ ;
output from H *
pin TAiour “L” y y !

N Value “FFFEs” is set to Value “000016” is set to Value “200016" is set to
fi: Frequency of the count source the timer Ai register. the timer Ai register. the timer Ai register.
(f2, fis, o4, OF f512)

|

1
1
|
T
'
'
'
'
'
'
'
'
'
1
'
1
'
'

0 When an arbitrary value is reset to the timer Ai register after value “000016” is set to it, the rising timing of PWM
pulse depends on this reset timing.

0 The above is applied when an external trigger (Rising edge of pin TAin's input signal) is selected.

Fig. 6.6.5 Operation example of 16-bit pulse width modulator (when counter value is updated during
pulse output)
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input signal

O 8-bit prescaler's
underflow signal

from pin TAiout

Timer Ai interrupt
request bit

=h

Pin TAIN'S

PWM pulse output ‘

1/fi0(m+1) 028 -1)

R

|
|
|
I M
[ Count source R H
R H

—-

1/f0(m+1)

N

IR

|
| |
| |
| |
| |
| |
| !
| gt}
| |
| |
|

|

|

L L/R0m+1)0 0 |

i: Frequency of the count source

(f2, f1s, fos, OF f512)

Cleared to “0” when an interrupt request is accepted; otherwise, cleared
by software

O 8-bit prescaler counts the count source.
0 8-bit pulse width modulator counts the 8-bit prescaler’s underflow signal.

O The above is applied when the following conditions are satisfied:
*Reload register’s high-order 8 bits = “021¢"
*Reload register’s low-order 8 bits = “0216”
*When an external trigger (Falling edge of pin TAin’s input signal) is selected.

Fig. 6.6.6 Operation example of 8-bit pulse width modulator

7733 Group User’'s Manual

6—-49



TIMER A

"19)s16al Iy Jawin
8} 0118S SI,9T¢0V0, SnjeA

‘parog|as si (jeubis indul s,y ) uid jo abpa Buije) 19661 [eussixa ue uaym paiydde si anoge ayl O

S1iq 8 19pI0-Mo| S J3)sIBal peojal Ay Jo SIUsU0D (W

“19)s16al Iy Jawin
31 0118s SI,91¢000, aN[eA

‘

‘payeIsal si
Bununod

‘paddois si
Bununop

“19)s16al Iy Jlawin
81 0118s SI,91¢0%0, SN[eA

"Buiwin 19sa1 siy) uo spuadap asind WA dY1 Jo Buiwn Buisu ays ‘sig g Japio-ybiy s.JaisiBal Iy Jawn ay) 0 18s s1 9100, dN[eA Jaye JalsiBal Iy Jawi 8y} 01 19Sal S| anjeA Alesigle ue Uaym O

(2754 10 ‘vo) ‘e1) ‘2)) 80INOS JUNOD BY Jo Aouanbal 1

« 1y 1nony ] uid woly
H,, Indino asind AMd

'
' '
Bl v
' '
' '
' '
' '
' '
' '

|||||||||||||||||||||||||||||| dmmm o
1 '
' '
' '
' '
' '
' '
' '
' '
' '

= — 1

b e mmm 4 —

6.6 Pulse width modulation (PWM) mode

AR !

A

91T0 Mw
o
=
=
@
=
--1910 g
=]
=
@
S
=
@
~fovo =
©
x
>
o
8>
=8
® o
=0
w o
—_~
I
©
x
>

+|..._._ reubis ndul
«H. SN/ uld

__ __ = __ 921N0S UN0D

(T-g)0T+wo®/T)

)

'
_—
ot

'

(T-g)OT+wo@/T)

Fig. 6.6.7 Operation example of 8-bit pulse width modulator (when counter value is updated during

pulse output)
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[Precautions in PWM mode]

1. When the count start flag is cleared to “0” while a PWM pulse is output, the counter stops counting. At
this time, if pin TAiouT outputs “H” level, the output level becomes “L” and a timer Ai interrupt request

bit is set to “1.” If pin TAIoUT outputs “L” level, the output level does not change and a timer Ai interrupt
request is not generated.

2. When a timer’s operating mode is set by the procedure listed below, a timer Ai 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

Therefore, when using a timer Ai interrupt (Interrupt request bit), be sure to clear the timer Ai interrupt
request bit to “0” after setting the above.
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MEMO
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TIMER B

7.1 Overview

7.1 Overview

Timer B consists of three counters (Timers BO to B2), and each has a 16-bit reload function. Timers BO to
B2 operate independently of each other.

Timer Bi (i = 0 to 2) has three operating modes listed below. Furthermore, timer B2 can function as a clock
timer. Except that timer B2 functions as a clock timer and timer B1 has an internal connect function, timers
BO to B2 have the same functions.

m Timer mode
Timer B counts a count source internally generated.

m Event counter mode
Timer B counts an external signal, and the following functions can be used:

e Internal connect function (Timer B1 only)

m Pulse period/Pulse width measurement mode
Timer B measures an external signal’s pulse period/pulse width.

m Clock timer (Timer B2)
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7.2 Block description

7.2 Block description

Figure 7.2.1 shows the timer B block diagram. Registers related to timer B are described below.

TBIIN
(i=0t02)

Clock source selection Data bus (Odd)

fo—°
fie ——=°

Data bus (Even)

(High-order 8 bits)

-

0 Timer Bi
interrupt request bit

fe4 ——o
fs12 ———o (Low-order 8 bits)
*Timer mode N2 N7

*Pulse period/Pulse width measurement mode | Timer Bi reload register (16)
Polarity switching
and Edge pulse Event counter mode \7' . 7.
generating circuit Timer Bi counter (16)

fca2 (Note 1)—0

TB2 overflow
signal (Note 2)

Count start flag

(address 4016)

Counter reset circuit li

Notes 1: Clock source for clock timer

Can be selected only for TB2 (Refer to Figure 14.3.1.)
2: Can be selected only for TB1 (Internal connect mode)

Clocks f2, f1s, fe4, and fs12 : Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

Timer Bi overflow
flag

addresses
Timer BO 5116 5016
Timer B1 5316 5216
Timer B2 5516 5416

Fig. 7.2.1 Timer B block diagram
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TIMER B

7.2 Block description

7.2.1 Counter and Reload register (Timer Bi register)
Each of timer Bi counter and its reload register consists of 16 bits and has the following functions.

(1) Functions in timer mode, event counter mode, and clock timer
The counter performs countdown each time a count source is input. The reload register is used to
memorize the initial value of a counter. When an underflow occurs in the counter, the reload register’s
contents is reloaded into the counter.
Values are set to the counter and reload register by writing the values to the timer Bi register. Table
7.2.1 lists the memory allocation of the timer Bi register.
A value written into the timer Bi register while counting is stopped is set to the counter and reload
register. A 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 is transferred to the counter when the next
underflow occurs. A value obtained by reading out the timer Bi register is the counter value.

Note: Perform reading or writing from/to the timer Bi register by the 16 bits. For a value read from
the timer Bi register, refer to “Precautions in timer mode”  and “Precautions in event counter
mode.”

(2) Functions in pulse period/pulse width measurement mode
The counter performs countup each time a count source is input. The reload register is used to hold
the pulse period or pulse width measurement result. When a valid edge is input to pin TBiIN, the
counter value is transferred to the reload register. In this mode, a value obtained by reading out the
timer Bi register is the reload register’'s contents, and the measurement result can be obtained.

Note: Perform reading from the timer Bi register by the 16 bits.

Table 7.2.1 Memory allocation of timer Bi register

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 is
undefined.
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7.2.2 Count start flag
This register is used to start or stop counting. Each bit of this register corresponds to each timer, respectively.
Figure 7.2.2 shows the structure of the count start flag.

TIMER B

7.2 Block description

b4 b3 b2 bl bo

Count start flag (address 4016)

Bit Bit name Functions Atreset| RW
0 Timer AO count start flag 0: Counting is stopped. 0 RW
1: Counting is started.
1 Timer Al count start flag 0 RW
2 Timer A2 count start flag 0 RW
3 Timer A3 count start flag 0 RW
4 Timer A4 count start flag 0 RW
5 Timer BO count start flag 0 RwW
6 Timer B1 count start flag 0 RW
7 Timer B2 count start flag 0 RW

|:| represents that bits 0 to 4 are not used for timer B.

Fig. 7.2.2 Structure of count start flag
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7.2 Block description

7.2.3 Timer Bi mode register

Figure 7.2.3 shows the structure of the timer Bi mode register. The operating mode selection bits are used
to select an operating mode of timer Bi. Bits 7 to 5 and bits 3 and 2 have different functions according to
the operating mode. These bits are described in a section of each operating mode.

b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | Timer Bi mode register (i = 0 to 2) (addresses 5B16 to 5D16)

Bit Bit name Functions Atreset| RW

L----. 0 Operating mode selection bits bibo 0 RW
0 O: Timer mode

0 1: Event counter mode

1 0: Pulse period/Pulse width
Voot 1 measurement mode 0 RW
1 1: Do not select.

P 2 These bits have different functions according to the operating mode. 0 RW
: s 3 0 RwW
b 4 Must be fixed to “0” (i = 0). 0 RwW
| Notimplemented (i=1,2. | un- | — |
defined
[ L e L L 5 These bits have different functions according to the operating mode. Un- RO

defined| (Note)

L EELE L L P LR PP PR 6 0 RW
e 7 0 RW

Note: In the timer and event counter modes, bit 5 is ignored and undefined at reading.

Fig. 7.2.3 Structure of timer Bi mode register
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TIMER B

7.2 Block description

7.2.4 Timer Bi interrupt control register
Figure 7.2.4 shows the structure of the timer Bi interrupt control register. For details about interrupts, refer
to chapter “4. INTERRUPTS”

b7 b6 b5 b4 b3 b2 bl bo

Timer Bi interrupt control register (i = 0 to 2)
(addresses 7A16 to 7C16)

e Bit Bit name Functions Atreset| RW

e T ) Interrupt priority level selection | b2 b1 bo 0 RW

- bits 000: Level 0 (Interrupt is disabled.)

- 001:Level 1 Priority is low.

e 010: Level 2

et 1 011:Level 3 0 RW

A 100: Level 4

R 101: Level 5

A 110: Level 6

E E E E HE 2 111:Level 7 Priority is high. 0 RW

oo G 3 Interrupt request bit 0: No interrupt request has occurred.| 0 RW

L 1: Interrupt request has occurred.

R R ELEEEEEREEEPEEEE 7to4| Notimplemented. Un- | —
defined

Fig. 7.2.4 Structure of timer Bi interrupt control register

(1) Interrupt priority level selection bits (bits 2 to 0)
These bits select a timer Bi interrupt’s priority level. When using timer Bi interrupts, select one priority
level from levels 1 to 7. If a timer Bi interrupt request is generated, its priority level is compared with
the processor interrupt priority level (IPL), and then the requested interrupt is enabled only when its
priority level is higher than the IPL. (However, this is applied when the interrupt disable flag (I) = “0.”)
When disabling 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 is generated. 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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TIMER B

7.2 Block description

7.2.5 Port P6 direction register

I/0 pins of timer Bi are multiplexed with port P6. When using these pins as timer Bi’s input pins, set the
corresponding bits of the port P6 direction register to “0” in order to set these ports for the input mode.
Figure 7.2.5 shows the relationship between the port P6 direction register and the timer Bi's input pins.

b7 b6 b5 b4 b3 b2 bl bo

Port P6 direction register (address 1016)

i : : : : : : : Bit Corresponding pin hame Functions Atreset| RW
P v i o | Pin PBo/TAdoUT 0: Input mode o | RwW
R - 1: Output mode

A A R A 1 | Pin P61/TA4IN 0 RW
- - — When using these pins as
e 2 | Pin P62/INTo timer Bi's input pins, set 0 RwW
R i the corresponding bits to
e 3 [ Pin P63/INT: “Q.” 0 RW
S SERRRLEEEEEE 4 | Pin P64/INT2 o | RW
S SEEEELEEEELLEE 5 | Pin P65/TBOIN o | RW
T 6 | Pin P66/TBLIN 0 RW
D SGEGUERETELEPEELELE 7 | Pin P67/TB2IN/ ¢ sus 0 RW

[] represents that bits 0 to 4 are not used for timer B.

Fig. 7.2.5 Relationship between port P6 direction register a  nd timer Bi's input pins
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7.2 Block description

7.2.6 Port function control register
Figure 7.2.6 shows the structure of the port function control register.

b7 b6 b5 b4 b3 b2 bl bo

| | | | Port function control register (address 6Dzs)

Bit Bit name Functions Atreset| RW

T 0 Standby state selection bit 0: Pins PO to P3 are used for the external bus output. 0 RW
1: Pins PO to P3 are used for the port output.

S 1 Sub-clock output selection bit/  [*Port-Xc selection bit” = *0" 0 RW
: Timer B2 clock source selection . (when the sub clock is not used)

H bit Timer B2 (event counter mode)

. clock source selection (Note 1)
E 0: TB2IN input (event counter mode)

' 1: Main clock divided by 32

H (clock timer)

! *Port-Xc selection bit = “1”

! (when the sub clock is used)

' Sub-clock output selection

H 0: Pin P67/TB2IN/ ¢ sue functions as a

H programmable 1/0 port.

H 1: Sub clock ¢ sus is output from

E pin P67/TB2IN/ ¢ suB.

L 2 | Timer B1 internal connect 0: No internal connection 0 RW
selection bit (Note 2) | 1: Internal connection with timer B2

AR 3 | Port P6 pull-up selection bit 0 | O: No pull-up for pins P62/INTo and P63/INT1_ 0 | RW
1: With pull-up for pins P62/INTo and P63/INT1

bmmmmmmmmmmmmmemee 4 Must be fixed to “0.” 0 RW

SR R EEE LR 5 | Port P6 pull-up selection bit 1 | *Key input interrupt selection bit = “0” 0 RW
0: No pull-up for pin P64/INT2
1: With pull-up for pin P64/INT2
«Key input interrupt selection bit = “1”
0: Pin P64/INT2 is a port with no pull-up.
1: Pin P64/INT2 is an input pin with pull-up
and is used for the key input interrupt.

------------------------- 6 | Port P5 pull-up selection bit 0: No pull-up for pins P54/TA20ut/Klo to P57/TA3N/KIz | O RW
1: With pull-up for pins P54/TA20uT/Klo to P57/TA3IN/KI3

R L EEEEE PR PR 7 Key input interrupt selection bit | 0: INT2 interrupt 0 RW
(TA2INn and TA3IN inputs are assigned to
pins P55 and P57.)

1: Key input interrupt
(TA2iInand TA3INinputs are assigned to
pins P72 and P73.)

Port-Xc selection bit" : Bit 4 of the oscillation circuit control register 0 (address 6C16)

Notes 1: When the port-Xc selection bit = “0” and timer B2 operates in the timer mode or the pulse period
/pulse width measurement mode, bit 1 is invalid.
2: When timer B1 operates in the event counter mode, bit 2 is valid.
3: [ represents that bits 0 and 3 to 7 are not used for timer B.

Fig. 7.2.6 Structure of port function control register

7733 Group User’'s Manual 7-9



TIMER B

7.3 Timer mode

7.3 Timer mode (Bits 1 and O of timer Bi mode register = “00 2")

In this mode, a count source internally generated is counted. (Refer to Table 7.3.1.) Figure 7.3.1 shows the
structures of the timer Bi mode register and timer Bi register in the timer mode.

Table 7.3.1 Specifications of timer mode

Item

Specifications

Count source

Clock f2, fie, fe4, or f512

Count operation

e Countdown
e At an underflow, the reload register’s contents is reloaded, and counting
is continued.

Division ratio

1

(n+1) n: Set value in the timer Bi register

Count start condition

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

Count stop condition

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

Interrupt request occurrence timing

At an underflow

Pin TBiIN’s function

Programmable 1/O port (Pin TB2IN is a programmable 1/0 port or ¢suB output pin.)

Read from timer

A counter value can be read out by reading the timer Bi register.

Write to timer

m 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.

m 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
time.)

Clocks f2, fie, fe4, and fs12: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

7-10
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TIMER B

7.3 Timer mode

b7 b6 b5 b4 b3 b2 bl bo
| | | Xl | Xl Xl Ol 0| Timer Bi mode register (i = 0 to 2) (addresses 5B16 to 5D16)
oo Bit Bit name Functions Atreset| RW
E E E E E E E .-l 0 Operating mode selection bits | btbo 0 RW
N 0 O: Timer mode
et 1 0 RW
e 2 These bits are ignored in the timer mode. 0 RwW
T RRhtEEt 3 o | RW
e 4 | Timer BO mode register 0 RW
b Must be fixed to “0.”
oo *Timer B1 and B2 mode registers un- _
- Not implemented. defined
S 5 This bit is ignored in the timer mode and is undefined at reading. U_n— RO
I defined
H - ...................... 6 Count lection bit b7 b6
: ount source selection bits o Clock f2 0 RW
! 0 1: Clock f16
B L e e T 7 1 0: Clock fea 0
1 1: Clock fs12 RW
Clocks f2, s, fe4, and fs12: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”
(b15) (b8)
b7 bo b7 b0 Timer BO register (addresses 5116, 5016)
Timer B1 register (addresses 5316, 5216)
. Timer B2 register (addresses 5516, 5416)
: Bit Functions Atreset( RW
B EEEEEEEEEEEEEE 15 to O Values 000016 to FFFF1s can be set. un- | RW
Assuming that the set value = n, counter defined
divides the count source frequency by (n + 1).
At reading this register, the counter value is
read out.
Fig. 7.3.1 Structures of timer Bi mode register and timer Bi 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, setting for enabling interrupts is required. For details, refer to chapter “4.
INTERRUPTS.”
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TIMER B

7.3 Timer mode

~

(&

Selection of the timer mode and the count source

b7

b0

LI [x[o[x]x]o]o]

\—L Timer mod

b7 b6 X: It may be “0” or “1.”

0 0: Clock f2

0 1: Clock fie Clocks fz, fis, fea, and fsi2

1 0: Clock fe4 : Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

Timer Bi mode register (i = 0 to 2)
(addresses 5B16 to 5D16)

e is selected.

Must be fixed to “0” (for i = 0).

Count source selection bits

1 1: Clock fs12

%

Setting of the division ratio

(b15)
b7

(b8)
b0 b7

b0 Timer BO register (Addresses 5116, 5016)

Timer B1 register (Addresses 5316, 5216)

Timer B2 register (Addresses 5516, 5416)

\— Values 000016 to FFFF16 (n) can be set.

0 Counter divides count source frequency by (n + 1).

Setting of the interrupt priority

b7 b0

11

level

Timer Bi interrupt control register
(addresses 7A16 to 7C16)

Interrupt priority level selection bits
When using interrupts, one of levels 1 to 7 must be set.
When disabling interrupts, level 0 must be set.

b7

Setting of the count start flag to “1”

b0

| | Count start flag (address 4016)

\— Timer BO count start flag

Timer B1 count start flag

(&

Timer B2 count start flag /

Counting is started.

Fig. 7.3.2 Initial setting example for registers related to timer mode
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TIMER B

7.3 Timer mode

7.3.2 Count source

In the timer mode, by the count source selection bits (bits 7 and 6 at addresses 5B16 to 5D16), a count
source can be selected. Table 7.3.2 lists the relationship between the count source selection bits and count
source.

Table 7.3.2 Relationship between count source selection bits and count source

b7 | b6 | Count Frequency of count source
source | When system clock = 25 MHz When system clock = 16 MHz When system clock = 8 MHz
0|0 f2 12.5 MHz 8 MHz 4 MHz
0|1 fi6 1.5625 MHz 1 MHz 500 kHz
1|0 fea 390.625 kHz 250 kHz 125 kHz
1|1 fs12 48.8281 kHz 31.25 kHz 15.625 kHz

Clocks f2, fie6, f64, fs512, and system clock: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

Note: This is applied when the system clock selection bit (bit 3 at address 6C16) = “0” and the main clock
division selection bit (bit 0 at address 6F16) = “0.” (For details, refer to chapter “14. CLOCK GENERATING
CIRCUIT.")
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TIMER B

7.3 Timer mode

7.3.3 Operation in timer mode
0 When the count start flag is set to “1,” the counter starts counting of the count source.
O When an underflow occurs, the reload register's contents is reloaded, and then counting is continued.
O The timer Bi interrupt request bit is set to “1” when the underflow occurs in O.
After this, the interrupt request bit remains set to “1” until the interrupt request is accepted or the
interrupt request bit is cleared to “0” by software.

Figure 7.3.3 shows an operation example in the timer mode.

n = Reload register’s contents
FFFF16 Counting is started.

Counting is stopped.

. 1/fi0(n+1) ,
> »

Counter contents (Hex.)
=

000016

Time

Cleared to “0” by software Setto “1” by software

A

Set to “1” by software

i

wp
fl
Count start flag wgr

_

Timer Bi interrupt “1” |—|—,—| '—
request bit «qg»

fi = Frequency of count source ? ?

(f2, fig fos, fs12) Cleared to “0” when an interrupt request is
accepted; otherwise, cleared by software

Fig. 7.3.3 Operation example in timer mode
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7.3 Timer mode

[Precautions in timer mode]

While counting is in progress, by reading out the timer Bi register, the counter value can be read at an arbitrary timing.
However, when reading is performed at the reload timing shown in Figure 7.3.4, 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

g

Counter value
Read value
(Hex) 2 | 1| 0 [FFFF|n-1

n = Reload register’s contents

Fig. 7.3.4 Timer Bi register read out
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7.4 Event counter mode

7.4 Event counter mode (Bits 1 and O of timer Bi mode register = “01 2")

In this mode, an external signal is counted. (Refer to Table 7.4.1.) Figure 7.4.1 shows the structures of the
timer Bi mode register and timer Bi register in the event counter mode.

Table 7.4.1 Specifications of event counter mode
Item Specifications
External signal input to pin TBiIN (Notes 1 and 2) .
e “Falling edge,” “Rising edge,” or “Falling and Rising edges” can be
selected as the valid edge of the count source by software.
Count operation e Countdown

Count source

e At an underflow, the reload register’s contents is reloaded, and
counting is continued.

Division ratio 1
(n+1) n: Set value in the timer Bi register
Count start condition When the count start flag is set to “1.”
Count stop condition When the count start flag is cleared to “0.”
Interrupt request occurrence timing| At an underflow
Pin TBIiIN's function Count source input
Read from timer A counter value can be read out by reading the timer Bi register.
Write to timer m 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.
m 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
time.)
Notes 1: When the timer B1 internal connect selection bit (bit 2 at address 6D16) = “1,” timer B1 counts
the timer B2’s underflow signal. (Refer to section “7.4.3 Selectable functions.” )
2: When using timer B2 in the event counter mode, set both of the port-Xc selection bit (bit 4 at
address 6C16) and the sub-clock output selection bit/Timer B2 clock source selection bit (bit 1 at

address 6D16) to “0.” When one of or both of these bits = “1,” timer B2 functions as a clock timer.
(Refer to section “7.6 Clock timer.” )
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7.4 Event counter mode

o
w
o
N
o
=
o
o

divides the count source frequency by (n + 1)
At reading this register, the counter value is

read out.

| X I X I X | | | | 0 | 1 | Timer Bi mode register (i = 0 to 2) (addresses 5B16 to 5D16)
Do Bit Bit name Functions Atreset| RW
v 1+ o+ 1 1+ 1+ w..| 0 | Operating mode selection bits | 150 0 RW
roor o 0 1: Event counter mode
T U 1 0 RW
P 2 | Count polarity selection bits b3 b2 o ) 0 RW
o 0 0: Counting is performed at the falling
o edge of the external signal.
R 0 1: Counting is performed at the rising
T T S 3 edge of the external signal. 0 RW
Voo 1 0: Counting is performed at both
R falling and rising edges of the
AR external signal.
oo 1 1: Do not select.
R R 4 | «Timer BO mode register
E E E Must be fixed to “0.” 0 RW
E E E *Timer B1 and B2 mode registers Un- _
oo Not implemented. defined
R R 5 | This bit is ignored in the event counter mode and is undefined at reading. | Un- | RO
E E defined
E e 6 These bits are ignored in the event counter mode. 0 RW
e EREOEECELEELE R, 7 o | Rw
(b15) (b8)
b7 b0 b7 b0 Timer BO register (addresses 5116, 5016)
Timer B1 register (addresses 5316, 5216)
Timer B2 register (addresses 5516, 5416)
' Bit Functions Atreset| RW
e B ] 15 to 0| Values 000016 to FFFF16 can be set. Un- RW
Assuming that the set value = n, counter defined

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

7.4.1 Setting for event counter mode
Figure 7.4.2 shows an initial setting example for registers related to the event counter mode.

Note that when using interrupts, setting for enabling interrupts is required. For details, refer to chapter “4.
INTERRUPTS.”
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7.4 Event counter mode

/

. N

Selection of the event counter mode and the count polarity

b7 b0
| X | X| X| 0 | | | 01 | Timer Bi mode register (i = 0 to 2) (addresses 5B16 to 5D16)

\—L Event counter mode is selected.

Count polarity selection bits

b3b2

0 0: Counts at falling edge of external signal.

0 1: Counts at rising edge of external signal.

1 0: Counts at both of falling and rising edges of external signal.
1 1: Do not select.

L—————————— Must be fixed to “0” (for i = 0).

\\ X: It may be “0” or “1.” /

Setting of the division ratio \
(b15) (b8) ] .
b7 b0 b7 bo  Timer BO register (addresses 5116, 5016)

| | Timer B1 register (addresses 5316, 5216)
Timer B2 register (addresses 5516, 5416)

L Values 000016 to FFFF16 (n) can be set.

O Counter divides count source frequency by (n + 1).

Setting of the interrupt priority level
b7 b0

Timer Bi interrupt control register
(addresses 7A16 to 7C16)
Interrupt priority level selection bits

When using interrupts, one of levels 1 to 7 must be set.
When disabling interrupts, level 0 must be set.

Setting of the port P6 direction register

b7 bo
| | | | | | | | |PortP6direction register (address 1016)

\— Pin TBOIN

L PinTB1N Clear the corresponding bit to “0.”

Pin TB2In

Selection of the timer B1 internal connection

b7 b0
| | | |O| | | | |Portfuncti0n control register (address 6D16)

\; Timer B1 internal connect selection bit

0: No internal connection
1: Internal connection with timer B2

Setting of the count start flag to “1”

b7 bo
[ T T T T T 1T ]countstartfag (address 401)

\— Timer BO count start flag Countinq iS Started.

Timer B1 count start flag

Timer B2 count start flag

Fig. 7.4.2 Initial setting example for registers related to event counter mode
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7.4 Event counter mode

7.4.2 Operation in event counter mode
O When the count start flag is set to “1,” the counter starts counting of the count source.
O The counter counts the count source’s valid edges.
O When an underflow occurs, the reload register's contents is reloaded, and then counting is continued.
O The timer Bi interrupt request bit is set to “1” when the underflow occurs in O.
After this, the interrupt request bit remains set to “1” until the interrupt request is accepted or the
interrupt request bit is cleared to “0” by software.

Figure 7.4.3 shows an operation example in the event counter mode.

n = Reload register’s contents

FFFF16 Counting is started. L
Counting is stopped.

n o Sttt ettt m ittt mu i h .
! ! Counting is restarted. |
! s > o
| - A
000016 L—

Counter contents (Hex.)

Time

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

Y
L

Set to “1” by software

v

wqn

1
Count start flag w0

Timer Bi interrupt “1” '
request bit «q» ’—‘—,—|

f ?

Cleared to “0” when an interrupt request is accepted; otherwise, cleared by software

Fig. 7.4.3 Operation example in event counter mode
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7.4 Event counter mode

7.4.3 Selectable functions
Timer B1 internal connection is described below.

(1) Timer B1 internal connection
When the timer B1 internal connect selection bit (bit 2 at address 6Dz16) is set to “1,” timer Bl is
internally connected to timer B2 and counts the timer B2's underflow signal. Accordingly, timers B2
and B1 function as a 32-bit (16 bits + 16 bits) timer and counts the timer B2’s count source.
This function can be used when timer B2 operates in the timer or event counter mode, or as a clock
timer.
Figure 7.4.4 shows connection between timers B2 and B1 when timer B1 internal connection is
selected. Figure 7.4.5 shows structures of the timer B1 mode register and port function control register
when timer B1 internal connection is selected. Figure 7.4.6 shows an operation example when timer
B1 internal connection is selected.

Timer B2
Timer mode
Event counter mode TB1N Timer B1
Clock timer (Event counter mode)
Reload register |4 Reload register |«
(16) (16)

Timer B2 count source —| Counter (16) '—4 Counter (16) —1] ;Ir;itrgrerr Btlre est bit
Timer B1 uptrequ
internal
connect
selection bit

Timer B2
interrupt request bit

Fig. 7.4.4 Connection between timers B2 and B1 when timer B1 internal connection is selected

b7 bo
| X| XI X| X| 0 | 1| 0| 1 | Timer B1 mode register (address 5Cis)

b7 bo
| | | |0| |1| | | Port function control register (address 6Dz16)

X: It may be “0” or “1.”

Fig. 7.4.5 Structures of timer B1 mode register and port function control register when timer B1
internal connection is selected
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7.4 Event counter mode

Timer B1/B2 count
start flag \

Set to “1” by software

1%
e
9]
<
—
S % 3
So
I
N
Qg
o2
ES
Fo O

o

T T—
Tzt L0 g e

Timer B1 counter’s
contents (Hex.)

Timer Bl interrupt 1"
request bit “qr

0: Cleared to “0” when an interrupt request is accepted; otherwise, cleared by software

The above is applied in the following case.
Set value of timer B2 register = “000316”
Set value of timer B1 register = “000216"

Fig. 7.4.6 Operation example when timer B1 internal connecti on is selected
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7.4 Event counter mode

[Precautions in event counter mode]

1. While counting is in progress, by reading out the timer Bi register, the counter value can be read at an
arbitrary timing. However, when reading is performed at the reload timing shown in Figure 7.4.7, 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

4

Counter value
(Hex.) 2 1 0 n |n-1

Read value
(Hex) 2 | 1| 0 |FFFFIn-1

n = Reload register’s contents

Fig. 7.4.7 Timer Bi register read out

2. The internal connect function between timer B2 and timer B1 can be used when timer B2 operates in
the timer or event counter mode, or as a clock timer. Do not use this function in the pulse period/pulse
width measurement mode.
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7.5 Pulse period/Pulse width measurement mode

(Bits 1 and O of timer Bi mode register = “10 2")
In this mode, an external signhal’'s pulse period or pulse width is measured. (Refer to Table 7.5.1.) Figure
7.5.1 shows the structures of the timer Bi mode register and timer Bi register in the pulse period/pulse width
measurement mode.

m Pulse period measurement
The pulse period of an external signal which is input to pin TBiIN is measured.

m Pulse width measurement
The pulse width (“L” level width and “H” level width) of an external signal which is input to pin TBIIN is

measured.

Note: When the port-Xc selection bit (bit 4 at address 6C16) = “1,” timer B2 functions as a clock timer.
Accordingly, pulse period/pulse width measurement cannot be performed.

Table 7.5.1 Specifications of pulse period/pulse width measurement mode

Item Specifications
Count source Clock f2, fie, fe4, or f512
Count operation e Countup

e When valid edge of the measurement pulse is input, the counter
value is transferred to the reload register. And then, the counter
value is cleared to “000016,” and counting is continued.

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

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

Interrupt request occurrence timing | ¢ When the valid edge of the measurement pulse is input (Note 1).

e At an overflow (Simultaneously, the overflow flag is set to “1.”)

Pin TBiIN’s function Measurement pulse input

Read from timer By reading the timer Bi register, the reload register's contents
(Measurement result) is read out (Note 2).

Write to timer Ignored

Clocks f2, fi6, f64, and fs12: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”
Overflow flag: A flag used to identify the source of an interrupt request occurrence.
Notes 1: An interrupt request is not generated when the first valid edge is input after counting starts.
2: From when counting starts until the second valid edge is input, a value obtained by reading the
timer Bi register is undefined.
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b7 b6 b5 b4 b3 b2 bl b0
| 1 | 0 | Timer Bi mode register (i = 0 to 2) (addresses 5B16 to 5D16)

. , N Bit Bit name Functions Atresetl RW

T T T A 0 Operating mode selection bits | bt bo 0 RW

o 1 0: Pulse period/pulse width measurement

T e — 1 mode 0 RW

oo ] - 2 RW

oo 2 l;)/:tesasurement mode selection 0 0: Pulse period measurement 0

- (interval between falling edges of the

Voo measurement pulse)

R 0 1: Pulse period measurement

T N 3 Interval between rising edges of the 0 RW

- measurement pulse)

HE 1 0: Pulse width measurement

HE (Interval from a falling edge to a rising edge,

E E E E and flom a rising edge to a falling edge of

oy the measurement pulse)

- 1 1: Do not select.

s 4 «Timer BO mode register 0 RW

oo Must be fixed to “0.”

o «Timer B1 and B2 mode registers Un-

. Not implemented. defined| —

[ R EELCECEEEP PP 5 | Timer Bi overflow flag (Note) 0: No overflow 1 RO

- 1: Overflow

E LT TTETRERREERS 6 | Count source selection bits b7g 0

' 0 0: Clock f2 RW

: 0 1: Clock fis

R L EEEEEE LR 7 1 0: Clock fea 0 RW
1 1: Clock fs12

Clocks f2, fis, fesa, and fsi2: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”
Note: Timer Bi overflow flag is cleared to “0” when writing to the timer Bi mode register is performed with the
count start flag = “1.” This flag cannot be set to “1” by software.

(b15) (b8)
b7 h0 b7 . .
Timer BO register (addresses 5116, 5016)
Timer B1 register (addresses 5316, 5216)
H Timer B2 register (addresses 5516, 5416)
E Bit Functions Atreset| RW
R 15 to O The result of the pulse period or pulse width | Un- RO
measurement is read out. defined
Fig. 7.5.1 Structures of timer Bi mode register and timer Bi register in pulse period/pulse width

measurement mode
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7.5 Pulse period/Pulse width measurement mode

7.5.1 Setting for pulse period/pulse width measurement mode
Figure 7.5.2 shows an initial setting example for registers related to the pulse period/pulse width measurement
mode.

Note that when using interrupts, setting for enabling interrupts is required. For details, refer to chapter “4.
INTERRUPTS.”
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7.5 Pulse period/Pulse width measurement mode

/

Selection of the pulse period/pulse width measurement mode and each function

b7 bo
| | | | 0 | | | 1 | 0 | Timer Bi mode register (i = 0 to 2) (addresses 5B16 to 5D16)

\—L Pulse period/Pulse width measurement mode is selected.

Measurement mode selection bits

b3 b2

0 0: Pulse period measurement
(Interval between falling edges)

0 1: Pulse period measurement
(Interval between rising edges)

1 0: Pulse width measurement

1 1: Do not select.

——— Must be fixed to “0” (for i = 0).

—— Timer Bi overflow flag (Note)
0: No overflow
1: Overflow

Count source selection bits

b7 b6

0 0: Clock f2

0 1: Clock f16 PP a

1 0: Clock fea ocks f2, 15, fo4, and fs12: .
11 Clock fs12 Refer to chapter “14. CLOCK GENERATING CIRCUIT.

Setting of the interrupt priority level

b7 b0

Timer Bi interrupt control register
(addresses 7A16 to 7C16)
Interrupt priority level selection bits

When using interrupts, one of levels 1 to 7 must be set.
When disabling interrupts, level 0 must be set.

Setting of the port P6 direction register
b7 b0
| | | | | | | | | Port P6 direction register (address 1016)

\—Pin TBOIN

Pin TB1IN  Clear the corresponding bit to “0.”
Pin TB2IN

Setting of the count start flag to “1”
b7 b0
| | | | | | | | | Count start flag (address 4016)

\— Timer BO count start flag

Timer B1 count start flag

Counting is started.

Timer B2 count start flag

Note: The timer Bi overflow flag is a read-only flag. This flag is cleared to “0” when writing to timer Bi mode register is performed with the count start flag = “1.”

Fig. 7.5.2 Initial setting example for registers related to pulse period/pulse width measurement mode
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7.5 Pulse period/Pulse width measurement mode

7.5.2 Count source

In the pulse period/pulse width measurement mode, by the count source selection bits (bits 7 and 6 at
addresses 5B16 to 5D16), a count source can be selected. Table 7.5.2 lists the relationship between the
count source selection bits and count source.

Table 7.5.2 Relationship between count source selection bits and count source

b7 | b6 | Count Frequency of count source
source | When system clock = 25 MHz When system clock = 16 MHz When system clock = 8 MHz
0|0 f2 12.5 MHz 8 MHz 4 MHz
0|1 fie 1.5625 MHz 1 MHz 500 kHz
110 f64 390.625 kHz 250 kHz 125 kHz
11 f512 48.8281 kHz 31.25 kHz 15.625 kHz

Clocks f2, fie6, fe64, f512, and system clock: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

Note: This is applied when the system clock selection bit (bit 3 at address 6C16) = “0” and the main clock
division selection bit (bit O at address 6F16) = “0.” (For details, refer to chapter “14. CLOCK GENERATING
CIRCUIT.")
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7.5 Pulse period/Pulse width measurement mode

7.5.3 Operation in pulse period/pulse width measurement mode

0 When the count start flag is set to “1,” the counter starts counting of the count source.

O When a valid edge of the measurement pulse is input, the counter value is transferred to the reload
register. (Refer to “(1) Pulse period/Pulse width measurement.” )

O After a transfer in O, the counter value becomes “000016,” and the counter continues counting.

O The timer Bi interrupt request bit is set to “1” when the counter value becomes “000016” in [1,(Note).
After this, the interrupt request bit remains set to “1” until the interrupt request is accepted or the
interrupt request bit is cleared to “0” by software.

O Operations O to 0 are repeated.

Note: Timer Bi interrupt request is not generated when the first valid edge is input after counting starts.

(1) Pulse period/Pulse width measurement
Whether to measure the pulse period or the pulse width of an external signal can be selected by the
measurement mode selection bits (bits 3 and 2 at addresses 5B16 to 5D16). Table 7.5.3 lists the
relationship between the measurement mode selection bits and the pulse period/pulse width measurement.
Make sure that the measurement interval from the falling edge to the rising edge and that of from the
rising edge to the falling edge are two cycles of the count source or more. When measuring pulse
width of a signal whose duty ratio is not 50%, identify whether the measurement result is the “H” level
width or the “L” level width by software.

Table 7.5.3 Relationship between measurement mode selection bits and pulse period/pulse width measurement

b3 | b2 | Pulse period/Pulse width measurement Measurement interval (Valid edge)

o ! o |Pulse period measurement From falling edge to falling edge (Falling edge)

0 1 From rising ed isi isi
| g edge to rising edge (Rising edge)

1 i 0 | Pulse width measurement From falling edge to rising edge, and from rising
| edge to falling edge (Falling and Rising edges)
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(2) Timer Bi overflow flag
When a measurement pulse’s valid edge is input or an overflow occurs, a timer Bi interrupt request
is generated. The timer Bi overflow flag is used to identify the cause of an interrupt request occurrence,
in other words, determine whether it is an overflow or a valid edge input.
When an overflow occurs, the timer Bi overflow flag is set to “1.” Therefore, the source of the interrupt
request occurrence can be identified by checking the timer Bi overflow flag’'s state in the interrupt
routine. The timer Bi overflow flag is cleared to “0” at the next count timing of the count source when
a value is written to the timer Bi mode register with the count start flag = “1.”
The timer Bi overflow flag is a read-only flag.
Do not use this flag for detection of overflow timing.

Figure 7.5.3 shows the operation during pulse period measurement. Figure 7.5.4 shows the operation
during pulse width measurement.

Count source -- |

b o i
Measurement pulse W { {: | }: ; .

Transferred Transferred ;

" (Undefined value) (Measured value)

Reload register <@ @Counter
Transfer timing

Timing when counter is
cleared to “000016”

Ve Ve "
y .0

g |
Count start fla '
g -

Timer Bi interrupt “1”
request bit «y» ’_|__
) el ) |
Cleared to “0” when an interrupt request is accepted; |
g otherwise, cleared by software ;
Timer Bi overflow flag |
“gr --

O Initialization of the counter because of measurement completion
[0 Overflow

O The above is applied when measurement is performed from one falling edge of the measurement pulse
until the next falling edge of that.

Fig. 7.5.3 Operation during pulse period measurement
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Count source | -

wp g

! P T
I i 1 1 1
Measurement pulse 1 D D
P ‘L WM: ; Transferred
L I (Undefined T (Measured L— N ensard
| value) . value) value) ' ! ( \?:IZZ;E

Reload register +— Counter
Transfer timing

Timing when counter is
cleared to “000016”

\E
4\}3“
\rj

|
|
|
|
|
|
|
L
T
|
|
|
|
|
|
|
L
|
|
|
|
|
i

ul” :
Count start flag w0 4

Timer Bi interrupt ‘1" —|
request bit «g»

Cleared to “0” when an interrupt request is accepted;
. . “n otherwise, cleared by software
Timer Bi overflow flag 4 |_

Qg —

O Initialization of the counter because of measurement completion
O Overflow

Fig. 7.5.4 Operation during pulse width measurement
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7.5 Pulse period/Pulse width measurement mode

[Precautions in pulse period/pulse width measurement mode]

1. A timer Bi interrupt request is generated by the following sources:
e The measurement pulse’s valid edge which is input
e An overflow

The interrupt request source shown above can be determined by the timer Bi overflow flag.

2. At reset, the timer Bi overflow flag is set to “1.” This flag can be cleared to “0” by performing writing
to the timer Bi mode register with the count start flag = “1.”

3. When the first valid edge is input after counting starts, an undefined value is transferred to the reload
register. At this time, a timer Bi interrupt request is not generated.

4. At start of counting, the counter value is undefined. Therefore, there is a possibility that a timer Bi
interrupt request is generated by an overflow which occurs immediately after counting starts.

5. When the measurement mode selection bits are changed after counting starts, the timer Bi interrupt
request bit is set to “1.” Note that the timer Bi interrupt request bit does not change if the same value
as before is written to the measurement mode selection bits.

6. When an input signal to pin TBiIN is affected by noise or others, 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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7.6 Clock timer

Timer B2 functions as a clock timer on the following condition (Refer to Table 7.6.1.):
e When the port-Xc selection bit (bit 4 at address 6C16) = “1”

e When the port-Xc selection bit = “0” and the timer B2 clock source selection bit (bit 1 at address 6D16)
= Hl”

Figure 7.6.1 shows the structures of the timer B2 mode register and timer B2 register when a clock timer
is used.

Table 7.6.1 Specifications of clock timer
Item Specifications
Count source fc32 (Sub clock divided by 32: f(Xcin)/32), or Main clock divided by 32: f(Xin)/32)
Count operation e Countdown
e At an underflow, the reload register’s contents is reloaded, and
counting is continued.

Division ratio 1
(n + 1) n: Set value in the timer B2 register
Count start condition When the count start flag is set to “1.”
Count stop condition When the count start flag is cleared to “0.”
Interrupt request occurrence timing | At an underflow
Pin TB2iN's function Programmable 1/O port or gsuB output pin
Read from timer A counter value can be read out by reading the timer B2 register.
Write to timer m While counting is stopped

When a value is written to the timer B2 register, it is written to both
of the reload register and counter.

m While counting is in progress
When a value is written to the timer B2 register, it is written only
to the reload register. (Transferred to the counter at the next reload
time.)

Clocks fc32 and f(XcIN): Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

Either of f(XcIN)/32 or f(XIN)/32 can be selected as the clock timer’s count source, fcs2.

The way to generate f(XcIN)/32 is different from that for clocks whose source is the system clock (e.g.,
internal clock ¢, clocks f2 to fs12, and so on). (Refer to chapter “14. CLOCK GENERATING CIRCUIT.” )
f(XcIN)/32 is not affected by the system clock selection bit and system clock stop bit at wait state (bits 3
and 5 at address 6C16). Therefore, in the wait mode, (Refer to chapter “11. STOP AND WAIT MODES.” )
only the clock timer can operate by itself. In other words, it is possible to supply fc32 only.

Oppositely, the way to generate f(XIN)/32 is the same as that for the system clock. Therefore, when the
system clock stop bit at wait state = “1,” fc32 is not supplied in the wait mode.

Figure 7.6.2 shows the structure of the clock timer.
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b7 b6 b5 b4 b3 b2 bl bo

| X | Xl X . 0 | 1| 0 | 1| Timer B2 mode register (address 5D16)
e Bit Functions Atreset| RW
T Must be fixed to “1” for the clock timer. 0 RW
R 1 Must be fixed to “0” for the clock timer. 0 RW
P , P e 2 Must be fixed to “1” for the clock timer. 0 RW
E E E E S EGEEEEEEE 3 Must be fixed to “0” for the clock timer. 0 RW
i : e 4 Not implemented. un- —
Lo defined
L. 5 | This bit is ignored for the clock timer. Un- | RO
v defined
R 6 These bits are ignored for the clock timer. 0 RW
P 7 0 RwW
(b15) (b8)
b7 b0 b7 b0
Timer B2 register (addresses 5516 and 5416)
Bit Functions Atresetl RW
b i 15 to 0| Values 00001s to FFFF1s can be set. un- | RW

Assuming that the set value = n, counter divides defined

the count source frequency by (n + 1).

At reading this register, the counter value is read

out.

Fig. 7.6.1 Structures of timer B2 mode register and timer B2 register when clock timer is used
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Sub clock
: f(Xcin)

Main clock
: f(Xin)

Timer B2 reload

register

Clock prescaler

Clock timer

(Timer B2 counter)

fcaz2

— ™ System clock

—0O

(Clock source for f2 to fs12, and internal clock ¢ )

Timer B2
interrupt request bit

Fig. 7.6.2 Structure of clock timer
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7.6.1 Setting for clock timer

Figure 7.6.3 shows an initial setting example for registers related to the clock timer.

Note that when using interrupts, setting for enabling interrupts is required. For details, refer to chapter “4.
INTERRUPTS.”

When using sub clock (Xc) When not using sub clock (Xc)

J J

N (O

p

Selection of the clock timer Selection of the clock timer

b7 b0 _—— - . b7 bo
| | | | 1 | | | | | Oscillation circuit control register O | | | | 0 | | | | | Oscillation circuit control register 0
(address 6C16) (address 6C16)
Port-Xc selection bit Port-Xc selection bit
1: Xcin—Xcour selected 0: Ports P77 and P76 selected
b7 b0 (Sub clock used) (Sub clock not used)
b7 b0
| X | X | X . 0 | 1 | 0| 1 | Timer B2 mode register (address 5Die) | | | | | | | 1 | | Port function control register
(address 6D16)
X: | 0 or 1.
\ inavjbepCacy / Sub-clock output selection bit/Timer B2 clock source selection bit
- Timer B2 (Event counter mode) clock source selection
E 1: Main clock divided by 32
: b7 b0
. | X| X| X . 0 | 1 | 0 | 1| Timer B2 mode register (address 5Dz1e6)
: N X: It may be “0” or “1.” /
NN RN RN NN AR RN N R RRENEA AR NNNEEENNENERNNRERRNEEE
Setting of the division ratio
(b15) (b8)
b7 b0 b7 b0

| | Timer B2 register
(addresses 5516 and 5416)

L Values 000016 to FFFF16 (n) can be set.

O Counter divides the count source frequency by (n + 1).

Setting of the interrupt priority level
b7 b0
_:IE' Timer B2 interrupt control register (address 7Czs)
Interrupt priority level selection bits
When using interrupts, one of levels 1 to 7 must be set.
When disabling interrupts, level 0 must be set.

Initialization of the clock prescaler

By using LDM instruction, write value “8016" to address 6F16.

Setting of the count start flag to “1”

b7 b0 . .
|1| | | | | | | |Countstartflag(address4016) Counting is started.

Timer B2 count start flag

Note: After oscillation of an oscillator connected to the sub-clock oscillation circuit is stabilized, set the count start flag to “1.”

Fig. 7.6.3 Initial setting example for registers related to clock timer
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7.6.2 Operation of clock timer
O When the count start flag is set to “1,” the counter starts counting of the count source.
O When an underflow occurs, the reload register's contents is reloaded, and then counting is continued.
O The timer B2 interrupt request bit is set to “1” when the underflow occurs in 0.
After this, the interrupt request bit remains set to “1” until the interrupt request is accepted or the
interrupt request bit is cleared to “0” by software.

For example, if f(XCIN) = 32.768 kHz, a timer B2 interrupt request can be issued every second when value
“3FF16” is set into the timer B2 register (addresses 5416 and 5516) and every minute when value “EFFF16”
is set into the register. Figure 7.6.4 shows an operation example of clock timer.

FFFFi6 [~

Timer B2 counter’s contents (Hex.)

000016

FFFF1s |- |

Timer B2 counter’s contents (Hex.)

000016 | ! ]

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

N
L

nln !
Count start flag “gr _I
Timer Bl «y» i
interrupt request o
pit “0

f

Cleared to “0" when an interrupt request is accepted; otherwise, cleared by software

Fig. 7.6.4 Operation example of clock timer
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[Precautions for clock timer]

1. While counting is in progress, by reading out the timer B2 register, the counter value can be read at an
arbitrary timing. However, when reading is performed at the reload timing shown in Figure 7.6.5, value
“FFFF16” is read out. If reading is performed in the period from when a value is set into the timer B2
register with the counter stopped until the counter starts counting, the set value is correctly read out.

Reload

Countera\i'aelg-e; 2 1 0 n n—1
R I
S o 2 | 1| o [FFFF|n-1
) -
n = Reload register’s contents Time

Fig. 7.6.5 Timer B2 register read out

2. For the clock prescaler reset, refer to section “14.3.4 Clock prescaler reset.”
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MEMO
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SERIAL 1I/0

8.1 Overview

The serial I/O consists of 3 channels: UARTO, UART1 and UART2. They each have a dedicated timer for
generating a transfer clock and can operate independently.

8.1 Overview

UARTI (i = 0 to 2) has the following two operating modes: clock synchronous serial 1/0 and clock asynchronous
serial 1/0 (UART) modes. Except for a few functions in the clock synchronous serial /O mode, UARTO,
UART1 and UART2 have the same functions.

e Clock synchronous serial 1/0 mode
Transmitter and receiver use the same clock as a transfer clock. Transfer data has a length of 8 bits.

e Clock asynchronous serial I/0O (UART) mode
Transfer rate and transfer data format can arbitrarily be set. The transfer data length can be selected
from the following three types: 7 bits, 8 bits, and 9 bits.

Figure 8.1.1 shows the transfer data formats in each operating mode. Table 8.1.1 shows the differences
between UARTO, UART1 and UART2.

[ Clock synchronous serial I/O mode

[ UART mode ——

Transfer data length : 7 bits

—— Transfer data length : 8 bits

L

Transfer data length : 9 bits

Fig. 8.1.1 Transfer data formats in each operating mode
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8.1 Overview

Table 8.1.1 Differences between UARTO, UART1 and UART2

T input/ Interrupt Data output/CLK Multiple Sleep
Communication RTS output function polarity/transfer format|clocks output function
function select function function
UARTO |Clock synchronous or|Both functions are|<UARTO transmission| Available Available Available
asynchronous (UART)|available. *UARTO reception
mode is selectable. (2 systems)
UARTL1 |Clock synchronous or|Both functions are|*UART1 transmission| Available Not available| Available
asynchronous (UART)|available. *UART1 reception
mode is selectable. (2 systems)
UART2 |Clock synchronous or|Only CTS input *UART2 transmission| Not available Not available| Not
asynchronous (UART)|function is available. | /reception (Note 1) | (Note 2) available

mode is selectable.

(1 system)

Notes 1: The A-D conversion interrupt and UART2 transmission/reception interrupt share the interrupt
vector addresses and the interrupt control register.
When the UART2 mode is selected by specifying bits 2 to 0 of the UART2 transmit/receive mode
register (address 6416), the A-D conversion interrupt function cannot be used.

: UART2 is fixed as follows.

« Data output (TxD2 pin): CMOS output
» Polarity of CLK2: Transmit data is output at the falling edge of the transfer clock.

« Transfer format: LSB (the least significant bit) first

Receive data is input at the rising edge of the transfer clock.
When not transferring, CLK2 pin’s level is “H.”
(Used in the clock synchronous serial 1/0 mode)
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8.2 Block description

8.2 Block description

Figure 8.2.1 shows the block diagram for serial 1/0. Registers related to serial 1/0O are described below.

Data bus (odd) S

{}

Data bus (even)

(Note)

[o]oJoJo[o]o]o]ps|D7|Ds[Ds[Da|Ds[D2[Da]Do| Receive buffer register

UARTO (Addresses 3716, 3616)
UART1 (Addresses 3F16, 3E16)
UART2 (Addresses 6B16, 6A16)
RxDi O { Receive register |

A

UART receive
Q

Divider(1/16 )
Clock synchronous i
.

Transfer clock

Receive control
circuit

Baud rate register
UARTO (Address 3116)

Clock source selection
UART1 (Address 3915) — UART transmission
fo o UART2 (Address 6516)tDivider(1/16 ) RN Transmission Transfer clock
f16 —o Clock synchronous peiccuir |
Internal Clock synchronous v
fea —0 — I | clock)
; Divider (111 ]H-] Divider (12 ) Ferm o) [ Transmission register ) TxDi
512 —90 External ° s
(Note) | Clock synchronous (When internal clock is selected) C"’féjgr",f;}’gg‘iﬁf

Polarity reversing circuit

|Ds[D7]Ds]Ds[D4|D3|D2|D1[Do] Transmission buffer register

CLKi

UARTO (Addresses 3316, 3216)
UART1 (Addresses 3B16, 3A16)
UART?2 (Addresses 67 16, 6616)

cTsi/RTSIi O (Note)
(Note) Bit converter
q Data bus (odd) S
[ ]
Note: The bit converter, the polarity reversing circuit and RTSi output function are not assigned S Data bus (even) 5
for UART2.

n: Value set to the UARTI baud rate register

Fig. 8.2.1 Block diagram for serial 1/0
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8.2 Block description

8.2.1 UARTI transmit/receive mode register
Figures 8.2.2 and 8.2.3 show the structure of UARTI transmit/receive mode register. The serial /O mode
selection bits are used to select a UARTI’s operating mode. For bits 4 to 6, refer to section “8.4.2 Transfer

data format.”

For bit 7, refer to section “8.4.8 Sleep mode.”

b7 b6 b5 b4 b3 b2 bl bo

UARTO transmit/receive mode register (address 30 16)
UART1 transmit/receive mode register (address 38 16)

; Bit

Bit name Functions Atreset| RW

e . . . b2 b1 b0

P b 0 [ Serial l/O mode selection bits | ¢ o; Serial /0 is disabled. o | RW

E ' ' ' ' ' ' (P8 functions as a

- programmable 1/O port.)

PR 0 0 1: Clock synchronous serial 1/0

- mode

- 01 0: Do not select.

E : : : : : __________ 1 0 1 1: Do not select. 0 RW

Vo 10 0: UART mode

P (Transfer data length = 7 bits)

Por o 10 1: UART mode

T (Transfer data length = 8 bits)

e 11 0: UART mode

- 2 (Transfer data length = 9 bits) 0 RW

E : : : : 11 1: Do not select.

R S 3 Internal/External clock selection | 0: Internal clock 0 RW

E : : : bit 1: External clock

Pl e 4 Stop bit length selection bit 0: One stop bit 0 RW

H H H (Valid in the UART mode.) (Note)| 1: Two stop bits

L ELLLECCTETEEPEREEEEE 5 | Odd/Even parity selection bit 0: Odd parity o | rRW

o (Valid in the UART mode when 1: Even parity

- the parity enable bit = “1.")

E : (Note)

R RRREEEEEEEEEEEEEEEEEEE 6 | Parity enable bit 0: Parity is disabled. 0 RW

! (Valid in the UART mode.) (Note)| 1: Parity is enabled.

P LLCEECETEEEERRRRPERRE 7 | Sleep selection bit 0: The sleep mode is terminated. (Ignored.) 0 RW
(Valid in the UART mode.) (Note)| 1: The sleep mode is selected.

Fix bit 7 to “0.”

Note: Bits 4 to 6 are ignored in the clock synchronous serial I/0 mode. (They may be “0” or “1.”)

Fig. 8.2.2 Structure of UARTI transmit/receive mode register (1)
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8.2 Block description

b7 b6 b5 b4 b3 b2 bl b0

-4 1 010:

| UART2 transmit/receive mode register (address 64 16)

Bit Bit name Functions Atreset| RW

. . . b2 b1 b0
0 S(el\zlcilellg mode selection bits 00 0: Serial /0 is ignored. 0 RW

(P7 functions as a
programmable I/O port)

0 0 1: Clock synchronous serial /0
mode

011 }Do not select. 0 RW

10 0: UART mode
(Transfer data length = 7 bits)
10 1: UART mode

(Transfer data length = 8 bits)
2 11 0: UART mode 0 RW

(Transfer data length = 9 bits)
11 1: Do not select.

Internal/External clock selection | 0: Internal clock 0 RW
bit 1: External clock

4 Stop bit length selection bit 0: One stop bit 0 RW
(Valid in the UART mode.) (Note 2) 1: Two stop bits

5 Odd/Even Parity selection bit 0: Odd parity 0 RW
(Valid in the UART mode when the 1: Even parity

parity enable bit="1")  (Note 2)

6 Parity enable bit 0: Parity is disabled. 0 RwW

(Valid in the UART mode.) (Note 2) 1: Parity is enabled.
i Un-
7 Not implemented. defined | —

Notes 1: By specifying these bits, an A-D conversion interrupt or a UART2 transmit/receive interrupt
is selected.
When bits 2 to 0 = “0002,” an A-D conversion interrupt is selected. When bits 2 to 0 = “001 2"
or “1002 to 1112,” a UART?2 transmit/receive interrupt is selected.
2: In the clock synchronous serial /0 mode, bits 4 to 6 are ignored. (They may be “0” or “1.")

Fig. 8.2.3 Structure of UARTI transmit/receive mode register (2)

8-6
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SERIAL I/0

8.2 Block description

(1) Internal/External clock selection bit (bit 3)

e Clock synchronous serial I/0O mode

When an internal clock is selected by clearing this bit to “0,” a clock which is specified with the BRG
count source selection bits (bits 1 and 0 at addresses 3416, 3C16 and 6816) becomes the count
source of BRGi (described later). At this time, the BRGi's output divided by 2 is the transfer clock.
The transfer clock is output from the CLKi pin (Note).

When an external clock is selected by setting this bit to “1,” a clock input to the CLKi pin becomes
the transfer clock.

Note : When selecting an internal clock and performing only transmission in UARTO, the number
of the transfer clock output pins varies according to the contents of the transmit clock output
pin selection bits (bits 5 and 4 at address 6E16). (Refer to section “8.3.1 Transfer clock.” )

UART mode

When an internal clock is selected by clearing this bit to “0,” a clock which is specified with the BRG
count source selection bits (bits 1 and 0 at addresses 3416, 3C16 and 6816) becomes the count
source of the BRGi (described later). At this time, the CLKi pin functions as a programmable 1/0
port.

When an external clock is selected by setting this bit to “1,” a clock input to the CLKi pin becomes
the count source of BRGi .

Note that, in the UART mode, the BRGi’s output divided by 16 is always the transfer clock.

BRGi: UARTI baud rate register (Refer to section “8.2.7 UARTI baud rate register (BRGi).” )
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8.2 Block description

8.2.2 UARTI transmit/receive control register 0

Figures 8.2.4 and 8.2.5 show the structure of UARTI transmit/receive control register 0. For bits 1 and 0,
refer to section “(1) Internal/External clock selection bit” in page 8-7. For bits 7 to 4, refer to the
description of each operating mode.

b7 b6 b5 b4 b3 b2 bl b0
| I I I | | | | | UARTO transmit/receive control register 0 (address 3 416)
. UART1 transmit/receive control register O (address 3C 16)

(Note) clock, receive data is input.
When not in transferring, pin
CLKi's level is “H.”

1: At the rising 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.”

Bit Bit name Functions Atreset| RW
. - 0 BRG count source selection bits |btbo 0 RW
. 0 0: Clock f2
S 0 1: Clock f16
R 1 10: Clock fes o | RW
A 1 1: Clock fs12
e 2 | CTSIRTS function selection bit | 0: The CTS function is selected. 0 RW
oo (Valid when the CTS/RTS enable | 1: The RTS function is selected.
oo bit is “0.")
T CORRELILILEL 3 | Transmission register empty flag | O: Datais present in the transmission 1 RO
voroor register. (Transmission is in progress.)
- 1: No data is present in the transmission
- register. (Transmission is completed.)
R SRRRCLELETILEED 4 | CTS/RTS enable bit 0: The CTS/RTS function is enabled. 0 RW
Voo 1: The CTS/RTS function is disabled.
E : : (P8oand P84 function as
o programmable 1/O ports.)
RGREEEEEEEEEEEEEEEEE 5 | Data output selection bit 0: Pin TxDi is set for CMOS output. o | rRW
Voo 1: Pin TxDi is set for N-channel open-
P drain output.
 EERRLECEETEEEEREEEEEEE 6 CLK polarity selection bit 0: At the falling edge of the transfer 0 RW
' (This bit is used in the clock clock, transmit data is output; at
; synchronous serial /0 mode.) the rising edge of the transfer
e L L TP EEE PP EEE PR 7 Transfer format selection bit 0: LSB (Least Significant Bit) first 0 RW

(This bit is used in the clock 1: MSB (Most Significant Bit) first

synchronous serial /0 mode.)

(Note)

Clocks f2, fis, fe4, and fs12: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”
Note: Fix bits 6 and 7 to “0” in the UART mode.

Fig. 8.2.4 Structure of UARTI transmit/receive control regis ter 0 (1)
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8.2 Block description

b7 b6 b5 b4 b3 b2 bl b0
UART?2 transmit/receive control register O (address 68 16)

Bit Bit name Functions Atreset| RW
T 0 BRG count source selection b1b0 o
: bits 0 0: Clock f2 RW
E 0 1: Clock f16
SRR 1 1 0: Clock fe4 0 W

1 1: Clock fs12

Lomcmmoooaaes 2 CTS enable bit 0: The CTS function is enabled. 0 RW
1: The CTS function is disabled. (P80 and P84
function as programmable 1/0 ports.)

I L LLEEEEEEEP PR 3 Transmission register empty 0: Data is present in the transmission 1 RO
flag register. (Transmission is in progress.)
1: No data is present in the transmission

register. (Transmission is completed.)

Leeeadoos Mmoo 7to 4| Notimplemented. deLf’i?];ed

Clocks f2, fie, fe4, and fs12: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

Fig. 8.2.5 Structure of UARTI transmit/receive control regis ter 0 (2)

(1) CTS/RTS function selection bit (bit 2) (UARTO, UART1)
This bit becomes valid when the CTS/RTS enable bit (bit 6) is cleared to “0.”
When this bit is cleared to “0” in order to select the CTS function, the P80 and P84 pins function as
CTS input pins. At this time, a “L"-level signal input to the CTS pin is one of the transmit conditions.
When this bit is set to “1” in order to select the RTS function, the P80 and P84 pins function as RTS
output pins. When the receive enable bit (bit 2 at addresses 3516, 3D16) is “0” (in other words,
reception is disabled.), the RTS pin outputs “H” level.
In the clock synchronous serial 1/O mode, the output level of RTS pin becomes “L” when receive
conditions are satisfied; it becomes “H” when reception is started. Note that, when an internal clock
is selected (bit 3 at addresses 3016, 3816 = “0”), the RTS function is ignored.
In the clock asynchronous serial /0O mode, the output level of the RTS pin becomes “L” when receive
enable bit is set to “1”; it becomes “H” when reception is started; it becomes “L” when the reception
is completed.

(2) CTS enable bit (bit 2) (UART2)
CTS input pin is valid when this bit is set to “0.”
A “L"-level signal input to the CTS pin is one of the transmit conditions.

(3) Transmission register empty flag (bit 3)
This flag is cleared to “0” when the contents of the UARTI transmission buffer register is transferred
to the UARTI transmission register. When transmission is completed and the UARTi transmission
register becomes empty, this flag is set to “1.”
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8.2 Block description

8.2.3 UARTI transmit/receive control register 1
Figure 8.2.6 shows the structure of UARTI transmit/receive control register 1. For bits 7 to 4, refer to the
description of each operating mode.

b7 b6 b5 b4 b3 b2 bl bo

UARTO transmit/receive control register 1 (address 35 16)
| UARTL1 transmit/receive control register 1 (address 3D 1s6)
UART2 transmit/receive control register 1 (address 69 16)

Bit Bit name Functions Atreset| RW

RN 0 Transmit enable bit 0: Transmission is disabled. 0 RW
1: Transmission is enabled.

---------- 1 Transmission buffer empty flag | 0: Data is present in the transmission 1 RO
buffer register.

1: No data is present in the
transmission buffer register.

R 2 Receive enable bit 0: Reception is disabled. 0 RW
1: Reception is enabled.

----------------- 3 Receive completion flag 0: No data is present in the receive 0 RO
buffer register.

1: Data is present in the receive
buffer register.

-------------------- 4 Overrun error flag (Note 1) 0: No overrun error is detected. 0 RO
: Overrun error is detected.

[N

e 5 Framing error flag (Notes 1 and 2) | O: No framing error is detected. 0 RO
(Valid in the UART mode.) 1: Framing error is detected.

Vo TTTTTTmmmmmommmmmmssmmmeees 6 Parity error flag (Notes 1 and 2) | 0: No parity error is detected. 0 RO
: (Valid in the UART mode.) 1: Parity error is detected.

------------------------------- 7 Error sum flag (Notes 1 and 2) 0: No error is detected. 0 RO
(Valid in the UART mode.) 1: Error is detected.

Notes 1: Bits 4 to 7 are cleared to “0” when the serial I/O mode selection bits (bits 2 to 0 at
addresses 3016, 3816) are cleared to “0002” or when the receive enable bit is cleared
to “0.” (Bit 7 is cleared to “0” when all of bits 4 to 6 are “0.")
Note also that bits 5 and 6 are cleared to “0” when the low-order byte of the UARTi
receive buffer register (addresses 36 16, 3E16, 6A16) is read out.
2: Bits 5 to 7 are ignored in the clock synchronous serial I/O mode.

Fig. 8.2.6 Structure of UARTI transmit/receive control regis ter 1
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SERIAL I/0

8.2 Block description

Transmit enable bit (bit 0)

When this bit is set to “1,” UARTI enters the transmit enable state.

When this bit is cleared to “0” during transmission, UARTI enters the transmit disable state after the
transmission which is in progress at this clearing is completed.

Transmission buffer empty flag (bit 1)

This flag is set to “1” when data is transferred from the UARTI transmission buffer register to the
UARTI transmission register.

This flag is cleared to “0” when data is set to the UARTI transmission buffer register.

Receive enable bit (bit 2)

When this bit is set to “1,” UARTI enters the receive enable state.

When this bit is cleared to “0” during reception, UARTI quits the reception immediately and enters the
receive disable state.

Receive completion flag (bit 3)

This flag is set to “1” in the following case;

* when data is ready in the UARTI receive register and is transferred to the UARTI receive buffer
register (in other words, 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 is read out,

« when the receive enable bit (bit 2) is cleared to “0,”

« when port P8 is used as a programmable I/O port by clearing the serial I/O mode selection bits (bits
2 to 0 at addresses 3016, 3816 and 6416) to “0002”
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8.2 Block description

8.2.4 Serial transmit control register
Figure 8.2.7 shows the structure of the serial transmit control register. The transmission clock output pin
selection bits are valid only for UARTO. For these bits, refer to section “8.3.1 Transfer clock.”

b7 b6 b5 b4 b3 b2 bl bo

Serial transmit control register (address 6E 16)

Bit Bit name Functions Atreset| RW

A . Un-

P 3to 0 | Not implemented. defined| —

, . . . . . b5 b4

R CEhCRLEEEEE R . 0

oo 4 Tralnsnjlssg?n clock output pin 0 0: One transfer clock output pin RW

P selectlor? its (CLKo)

N (Valid only in the clock synchronous 01:)

i : o 5 serial /0 mode.) (Note) 10 ('\)/Iuliltiuptle itrzznsfer clock 0 RW

- 11 put p

Sy 7,6 | Not implemented. 0 —
Value “0” is read out from here.

0 When using multiple transfer clock output pins, satisfy the following conditions:

Serial I/0 mode selection bits (bits 2 to 0 at address 30 16) = “0012"

Internal/external clock selection bit (bit 3 at address 30 16) = “0”

CTS/RTS enable bit (bit 4 at address 34 15) = “1”

Receive enable bit (bit 2 at address 35 1) = “0” (for cases O and [ in Table 8.3.4)
Transmission clock output pin selection bits = “01 2”, “102", or “112” (Refer to Table 8.3.3.)

Note: Bits 4 and 5 are ignored in the UART mode. (They may be “0” or “1.”)

Fig. 8.2.7 Structure of serial transmit control register
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8.2 Block description

8.2.5 UARTI transmission register and UARTi transmission buffer register
Figure 8.2.8 shows the block diagram for the transmitter. Figure 8.2.9 shows the structure of the UARTI
transmission buffer register.

Data bus (odd)
Data bus (even)
[ Bitconverter | (Note)
Y
[Ds] [DriDsl Ds DiDs Dz D1l Do UART:tansmisson
SP : Stop bit
PAR : Parity bit
8-bit UART
" 9-bit UART
Parity 9-bit UART Clock sync.
25p enabled UART
0] Q Q -
o pa] S : TXDI
1SP Parity | Clock sync. 7-bit UART _bi
disabled S-b:t UART 7-bit UART UARTI transmission register
Clock sync.
gy
Note: The bit converter is not assigned for UART2.
Fig. 8.2.8 Block diagram for transmitter
(b15) (b8)
b7 b0 b7 b0 UARTO transmission buffer register (addresses 33 16, 3216)

UART1 transmission buffer register (addresses 3B 16, 3A16)
UART2 transmission buffer register (addresses 67 16, 6616)

Bit Functions Atreset| RW

A . G LSRRI 810 0 | The transmit data is set. s | wo
RN . S AR ; Un-
15 to 9| Not implemented. defined | —

Fig. 8.2.9 Structure of UARTI transmission buffer register
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8.2 Block description

Transmit data is set into the UARTI transmission buffer register.

When the microcomputer operates in the clock synchronous serial 1/0O mode or when 7-bit or 8-bit length
is selected as the transfer data’s length in the UART mode, the transmit data is set into the low-order byte
of this register. When 9-bit length is selected as the transfer data’s length in the UART mode, the transmit
data is set into the UARTI transmission buffer register as follows.

e Bit 8 of the transmit data is set into bit 0 of the high-order byte of the UARTI transmission buffer register.
e Bits 7 to 0 of the transmit data are set into the low-order byte of the UARTI transmission buffer register.

When transmit conditions are satisfied, the transmit data which is set in the UARTI transmission buffer
register is transferred to the UARTI transmission register, and then it is output from the TxDi pin synchronously
with the transfer clock. The UARTI transmission buffer register becomes empty when data which is set in
this register is transferred to the UARTI transmission register, so the next transmit data can be set.
When the “MSB first” is selected in the clock synchronous serial I/O mode, bit position of set data is
reversed, and then this data is written into the UARTI transmission buffer register as the transmit data.
(Refer to section “8.3.2 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 transmission buffer register
again, follow the procedure described below.

O Clear the serial I/0O mode selection bits (bits 2 to 0 at addresses 3016, 3816 and 6416) to “0002.”
(Serial 1/O is ignored.)

O Set the serial I/0 mode selection bits again.

O Set the transmit enable bit (bit O at addresses 3516, 3D16 and 6916) to “1” (in other words, transmission
is enabled.) and set the transmit data into the UARTI transmission buffer register.
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8.2 Block description

8.2.6 UARTI receive register and UARTI receive buffer register
Figure 8.2.10 shows the block diagram for the receiver. Figure 8.2.11 shows the structure of the UARTI
receive buffer register.

Data bus (odd)

i

Data bus (even)

4
Bit converter | (Note)
UARTI receive

loJoJofJoJo|o]o][Ds] [Dr|Ds|Ds|Ds|Ds|Dz] D1 Do purerrogsier

SP : Stop bit
PAR : Parity bit

RxDi O—1

8-bit UART
9-bit UART
Clock sync.

Parity
2SP enabled  YART
Q O

Qo

Parity
1SP anbled Clock sync.

9-bit UART

7-bit UART
8-bit UART
Clock sync.

7-bit UART

UARTI receive register

Note: The bit converter is not assigned for UART2.

Fig. 8.2.10 Block diagram for receiver

(b15) (b8)
b7 b0 b7 b0 UARTO receive buffer register (addresses 37 16, 3616)

— | UARTL1 receive buffer register (addresses 3F 16, 3E16)
T T UART2 receive buffer register (addresses 6B 16, 6A16)

' ' ' Bit Functions Atreset| RW

. . : . . Un-

At EOOEFCECETRPEPERTRPRRLE 8to 0 | The receive data is read out from here. detined | RO

o o ] 15 to 9| Not implemented. 0 —
A value of “0” is read out from here.

Fig. 8.2.11 Structure of UARTI receive buffer register
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8.2 Block description

The UARTI receive register is used to convert serial data, which is input from the RxDi pin, into parallel
data. This register takes a signal which is input from the RxDi pin by the 1 bit synchronously with the
transfer clock.

The UARTI receive buffer register is used to read receive data. When reception is completed, the receive
data which is taken into 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 is ready
in the UARTI receive register before data which has been transferred to the UARTI receive buffer register
is read out (in other words, when an overrun error occurs).

When “MSB first” is selected in the clock synchronous serial /O mode, bit position of data in the UARTi
receive buffer register is reversed, and then this data is read out as the receive data. (Refer to section
“8.3.2 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 when the receive enable bit (bit 2 at addresses 3516, 3D16
and 6916) is set to “1” after clearing it to “0.”

Figure 8.2.12 shows the contents of the UARTI receive buffer register when reception is completed.

High-order byte Low-order byte
(addresses 3716, 3F16, 6B16) , (addresses 3616, 3E16, 6A16)
b7 bo + b7 bo

<UART mode>

(Transfer data length : 9 bits) | 0 I 0 I 0 | 0 | 0 | . | 0 | |

i Receive data (9 bits)
<Clock synchronous serial /0 mode> :
During UART mode |o|o|o|o|o|o|o. |

(Transfer data length : 8 bits) i '
Same value as bit '

7 in low-order byte ; Receive data (8 bits)
During UART mode | I I | | | | - |
(Transfer data length : 7 bits) 0]0f0]0f0]O]JO

Same value as bit . .

6 in low-order byte Receive data (7 bits)

Fig. 8.2.12 Contents of UARTI receive buffer register when reception is completed
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8.2 Block description

8.2.7 UARTI baud rate register (BRGI)

The UARTI baud rate register (BRGi) is an 8-bit timer used only for UARTI. It generates a transfer clock
and has a reload register. Assuming that a value set in BRGi is “n” (n = 0016 to FF16), the BRGi divides
the count source frequency by (n + 1).

In the clock synchronous serial /O mode, BRGi is valid when an internal clock is selected. At this time,
the BRGi’'s output divided by 2 is the transfer clock.

In the UART mode, the BRGi is always valid. At this time, the BRGi's output divided by 16 is the transfer
clock.

When a value is written to addresses 3116, 3916, and 6516, the value is also written to the timer and the
reload register whether transmission/reception is in progress or stopped. Therefore, when writing a value
to these addresses, be sure to perform it while transmission/reception is stopped.

Figure 8.2.13 shows the structure of BRGi and Figure 8.2.14 shows the block diagram of transfer clock
generating section.

b7 bo

UARTO baud rate register (address 31 16)
UART1 baud rate register (address 39 16)
UART2 baud rate register (address 65 16)

Bit Functions Atreset| RW
"""""""""" 7 to 0 | Values 0016 to FF1s can be set. Un- WO
Assuming that the set value = n, BRGi defined

divides the count source frequency by (n + 1).

Fig. 8.2.13 Structure of UARTIi baud rate register (BRGI)

<Clock synchronous serial /0 mode>

fi BRGi _—
O—| Transmit control circuit |—T—> Transfer clock for transmit operation
fEXT \—{ Receive control circuit |—> Transfer clock for receive operation

<UART mode>

1/16 | Transmit control circuit Transfer clock for transmit operation

i< " BrRG

fext

/16 |—| Receive control circuit

Transfer clock for receive operation

fi : Clock selected with the BRG count source selection bits (f2, fis, fes, or fs12)
fext : Clock input to the CLKi pin (external clock)

Fig. 8.2.14 Block diagram of transfer clock generating section
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8.2 Block description

8.2.8 Interrupt control register related to UARTI

When UARTI is used, the following interrupts can be used: UARTI transmission interrupt and UARTI
reception interrupt. Each interrupt has its corresponding interrupt control register. However, in UART2, an
interrupt for transmission and an interrupt for reception are controlled with the same register. Figure 8.2.15
shows the structure of interrupt control registers related to UARTI.

For details about interrupts, refer to chapter “4 Interrupts.”

The UART2 transmission/reception interrupt and the A-D conversion interrupt share the same interrupt
vector addresses and interrupt control register.

Switching between the A-D conversion interrupt and the UART2 transmission/reception interrupt is performed
with bits 2 to 0 of the UART2 transmission/reception mode register. (Refer to Figure 8.2.3.)

A-D/UART2 trans./rece. interrupt control register (address 70 16)
b7 b6 b5 b4 b3 b2 bl bO UARTO transmission interrupt control register (address 71 16)
UARTO receive interrupt control register (address 72 16)
UART1 transmission interrupt control register (address 73 16)
UART1 receive interrupt control register (addresses 74 16)

Bit Bit name Functions Atreset| RW
0 Interrupt priority level selection | b2b1bo o 0 RW
bits 000: Level 0 (Interrupt is disabled.)
001: Level 1 Priority is low.
010: Level 2
1 011:Level 3 0 RW
100: Level 4
101: Level 5
110: Level 6
2 111:Level7 Priority is high. 0 RW
3 Interrupt request bit 0: No interrupt has occurred. 0 RW
1: Interrupt has occurred. (Note)
7to 4| Notimplemented. Un- —
defined

Note: When the UART?2 function is selected, bit 3 of the A-D conversion/UART2 trans./rece. interrupt
control register is set to “1.”
Accordingly, before enabling interrupts, write value “0” to this bit.

Fig. 8.2.15 Structure of interrupt control registers related to UARTI
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8.2 Block description

(1) Interrupt priority level selection bits (bits 2 to 0)
These bits are used to select the priority level of the UARTI transmission interrupt or UARTI reception
interrupt. When using the UARTI transmission/reception interrupt, select one of priority levels 1 to 7.
When a UARTI transmission/reception interrupt request occurs, its priority level is compared with the
processor interrupt priority level (IPL) and the requested interrupt is enabled only when its priority level
is higher than the IPL. (Note that this is applied when the interrupt disable flag (I) = “0.”) When these
bits are set to “0002” (level 0), the UARTI transmission/reception interrupt is disabled.

(2) Interrupt request bit (bit 3)
The UARTI transmission interrupt request bit is set to “1” when data is transferred from the UARTiI
transmission buffer register to the UARTI transmission register.
The UARTI reception interrupt request bit is set to “1” when data is transferred from the UARTI receive
register to the UARTI receive buffer register. Note that these bits do not change when an overrun error
occurs.
When each interrupt request is accepted, the corresponding interrupt request bit is automatically
cleared to “0.” Note that each bit can be set to “1” or cleared to “0” by software.
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8.2 Block description

8.2.9 Ports P7 and P8 direction registers

I/0 pins of UARTI are multiplexed with ports P7 and P8. When using the P74, P82 and P86 pins as serial
data input pins (RxDi), set the corresponding bits of the ports P7 and P8 direction registers to “0” to set
these ports for the input mode. When using the P72 pin as the CTS2 input pin, set bit 2 of the port P7
direction register to “0” to set this port for the input mode. When using the P73, P75, P80, P81, P83—P8s5,
and P87 pins as UARTI’s I/O pins (CTSi/RTSi, CLKi, TxDi), these pins are forcibly set as the UARTi's 1/O
pins, regardless of the ports P7 and P8 direction register’s contents. Also, as for CLKSo and CLKS1, refer
to section “8.3.1 (4) Number of transfer clock output pins (UARTO).” Figure 8.2.16 shows the relationship
between the ports P7, P8 direction registers and UARTI's 1/O pins.

Note that the functions of the UARTIi's I/O pins can be switched by software. For details, refer to the
description of each operating mode.

b7 b6 b5 b4 b3 b2 bl bo

Port P7 direction register (address 1116)

Bit Corresponding pin name Functions Atreset| RW
A Pin P70/ANo 0: Input mode 0 RW
e ] 1: Output mode
e 1 | Pin P71/AN1 0 RW
A . e When using pin P72 as

T 2 0 RW
N Pin P72/AN2/CTS> the CTSz input pin and

 CRREEEE 3 | Pin P73/AN3/CLK2 using pin P74 as serial 0 RW
oo data’s input pin (RxD2),

N ARRLLELELEEE 4 | Pin P74/AN4/RXD2 set the corresponding 0 RW
o . bit to “0.”

A RGLOLETIEEE 5 | Pin P7s/ANs/ADTRG/TXD2 0 | RW
e P L L T EEE 6 Pin P7s/ANe/XcouT 0 RW
 EEEEECEEEEEEEEEEEE 7 | Pin P77/AN7/XCIN 0 | RW

b7 b6 bS5 b4 b3 b2 bl bo

Port P8 direction register (address 1416)

E ' ' : ' ' : ' Bit Corresponding pin name Functions Atreset| RW
Pl bt il o | PinP80/CTSI/RTSICLKSL | g Input mode 0 | RW
N 1 | Pin P81/CLKo 1: Output mode o | rw
A Rt 2 | Pin P82/RXD0/CLKS0 When using pins P82 o | RW
Poror and P8e as serial data’s

R bbbl 3 | Pin P83/TxDo input pins (RxDo, RxD1),[ 0 RW
Voo i — set the corresponding

o T 4 | Pin P84/CTS1/RTS1 bits to “0.” 0 RW
 REEELEEEEEEEEEDY 5 | Pin P85/CLK1 0 RW
L i 6 | Pin P86/RxD1 o | RW
 RRRRCRCEELEELILEEEE 7 | Pin P87/TxD1 o | RW

Note: For pins CLKSo and CLKSz, refer to section “8.3.1 (4) Number of transfer clock
output pins (UARTO).”

E] : Not used for serial /O

Fig. 8.2.16 Relationship between ports P7, P8 direction regi  ster and UARTI’'s 1/O pins
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8.3 Clock synchronous serial I/0 mode

Table 8.3.1 lists the performance overview in the clock synchronous serial 1/0 mode and Table 8.3.2 lists
the functions of 1/O pins in this mode.

Table 8.3.1 Performance overview in clock synchronous serial I/0 mode

Functions
Transfer data has a length of 8 bits.
LSB first or MSB first is selected by software.
BRGi’s output divided by 2
Maximum of 5 Mbps
'CTS function or RTS function is selected by software (Note).

Item
Transfer data format

Transfer rate |When internal clock is selected
When external clock is selected
Transmit/Receive control

Note: The RTS function is not assigned for UART2.

Table 8.3.2 Functions of 1/0 pins in clock synchronous serial I/0O mode

Pin name Functions Method of selection
TxDi Serial data output
(P83, P87, P75) (They output dummy data when only reception is performed.)
RxDi Serial data input Ports P7 and P8 direction registers’ corresponding bits =“0"

(P82, P86, P74) (They can be used as input ports when only transmission is

performed.)
Internal/External clock selection bit = “0”

Internal/External clock selection bit = “1”

CLKi Transfer clock output

(P81, P85, P73)

Transfer clock input

CTSo/RTSo (P80),
CTS14/RTS:1 (P84)

CTS input

CTS/RTS enable bit = “0”
CTS/RTS function selection bit = “0”

(Note 1) s ounit T ARNRSewbe btz T T T
_________ CTS/RTS function selection bit="1"
Programmable 1/0O port|CTS/RTS enable bit = “1”

CTS2 (P72) CTS input CTS enable bit = “0”

Programmable 1/O port

CTS enable bit = “1”

Port P7 direction register: Address 1116

Port P8 direction register: Address 1416

Internal/External clock selection bit: Bit 3 at addresses 3016, 3816, and 6416

CTS/RTS enable bit: Bit 4 at addresses 3416 and 3Ci16

'CTS/RTS function selection bit: Bit 2 at addresses 3416 and 3C16

CTS enable bit: Bit 2 at address 6816

O The TxDi pin outputs “H” level from when a UARTI’'s operating mode is selected until transfer starts.
(The TxDi pin is in a floating state when N-channel open-drain output is selected.)

O In UARTO, multiple transfer clock output pins can be used. (Refer to Table 8.3.3.)

Notes 1: The RTS function is not assigned for UART2.
2: As for CLKSo0 and CLKS1, refer to section “8.3.1 (4) Number of transfer clock output pins

(UARTO).”

7733 Group User’s Manual

8-21



SERIAL 1I/0

8.3 Clock synchronous serial /0 mode

8.3.1 Transfer clock (sync clock)

Data is transferred synchronously with the transfer clock. For the transfer clock, the following items can
be specified:

e Whether to generate the transfer clock internally or to input it from the external.

e Polarity of a clock which is output from the CLKi pin (UARTO, UART1)

e Number of transfer clock output pins (UARTO).

Note that the transfer clock is generated while the transmit control circuit is operating. Therefore, even
when performing only reception, set the transmit enable bit to “1” and make the transmit control circuit
operate by setting dummy data into the UARTI transmission buffer register.

(1) How to generate transfer clock internally
A count source is selected with the BRG count source selection bits. The count source is divided in
the BRGi, and then the BRGi's output is further divided by 2. (In this way, the transfer clock is
generated.) This transfer clock is output from the CLKi pin.

[Setting for related registers]

e An internal clock is selected (bit 3 at addresses 3016, 3816, and 6416 = “0").

e The BRGi’'s count source is selected (bits 1 and 0 at addresses 3416, 3C16, and 6816).

e A value of “divide value — 1" (= n: 0016 to FF1e) is set into the BRGi (addresses 3116, 3916, and
6516).

fi

Transfer clock’s frequency = ————
queney = S+

fi: BRGIi's count source frequency (f2, fie, fe4, and f512)
e Transmission is enabled (bit O at addresses 3516, 3D16, and 6916 = “1").
e Data is set into the UARTI transmission buffer register (addresses 3216, 3A16, and 6616)

[Pin status]
e Transfer clock is output from the CLKi pin.
e Serial data is output from the TxDi pin. (Dummy data is output when only reception is performed.)

(2) How to input transfer clock from the external
A clock which is input from the CLKi pin is the transfer clock.

[Setting related registers]

e An external clock is selected (bit 3 at addresses 3016, 3816, and 6416 = “1").

e Transmission is enabled (bit O at addresses 3516, 3D16, and 6916 = “1").

e Data is set into the UARTI transmission buffer register (addresses 3216, 3A16, 6616).

[Pin status]
e Transfer clock is input from the CLKi pin.
e Serial data is output from the TxDi pin. (Dummy data is output when only reception is performed.)
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(3) How to select polarity of transfer clock

The polarity of a clock which is output from the CLKi pin can be selected with the CLK polarity
selection bit (UARTO, UARTL1) as shown in Figure 8.3.1. The CLK polarity select bit is not implemented
for UART2. The CLK2 pin outputs the transmit data at the fall of the transfer clock; this pin inputs the
receive data at the rise of the transfer clock.

[Setting for related registers]
e The CLK polarity is selected (bit 6 at addresses 3416, 3C16).

B When CLK polarity selection bit = “0.”

B When CLK polarity selection bit = “1.”

e ininEalininininires
| A\

TxDi ><D0><D1><Dz/)>< D3><D4><D5><De><D7

RxDi ><Do><D1><I§2><D3><D4><D5><D6><D7

0 The transmit data is output to the TxDi pin at the falling edge of the transfer clock; the receive data is input from the RxDi
pin at the rising edge of the transfer clock.
When not transferring, the CLKi pin’s level is “H.”

e LTV
! A\

o (0 X X o) oo

RxDi ><Do><D1><§2><D3><D4><D5><D6><D7

0 The transmit data is output to the TxDi pin at the rising edge of the transfer clock; the receive data is input from the RxDi
pin at the falling edge of the transfer clock.
When not transferring, the CLKi pin’s level is “L.”

Fig. 8.3.1 Polarity of transfer clock
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(4) Number of transfer clock output pins (UARTO)
Only in UARTO, when an internal clock is selected, one pin can be selected as the transfer clock
output pin from the following pins: CLKo, CLKSo0 (in common with RxDo), and CLKS1 (in common with
CTSo/RTSo).
By this selection, data can be transmitted to the maximum of three external receiving devices. (Refer
to O in Table 8.3.4). In this case, since the RxDo and CTSo/RTSo pins function as the transfer clock
output pins (CLKo, CLKS1), the CTS/RTS function and reception are disabled.
When only the CLKo and CLKSo pins are used as the transfer clock output pins, the P80 (CTSo/RTSo/
CLKS1) pin can be used as a programmable I/O port. (Refer to O in Table 8.3.4.)
Also, when the CLKo and CLKS1 pins are used as the transfer clock output pins and bit 2 of the port
P8 direction register is set to “0,” data can be received from the RxDo pin. (Refer to O in Table 8.3.4.)

[Setting for related registers]

e An internal clock is selected (bit 3 at address 3016 = “0").

e The CTS/RTS function is disabled (bit 4 at address 3416 = “1").

e Reception is disabled (bit 2 at address 3516 = “0"). (Refer to 0 and O in Table 8.3.4.)

e Number of transfer clock output pins is selected. (bits 5 and 4 at address 6E16; Refer to Table
8.3.3.)

e Conditions for “output when not transferring” (described later) are set.
(CLKSoO: bit 2 at address 1416 = “1":
CLKS1: bit 0 at address 1416 = “1,” bit 0 at address 1216 = level at “output when not transferring”)

[Pin status]
Refer to Table 8.3.3.

Table 8.3.3 Pin functions when one transfer clock output pin is selected

Transfer clock [Number of pins
output pin  |from which one Functions
selection bits | transfer clock
output pin is CTSo/RTSo/CLKS1 CLKo RxDo/CLKSo TxDo
b5 | b4 selected (P80) (P81) (P82) (P83)
0 0 1 Programmable 1/0O port|Outputs transfer clock. Programmable I/O port [Outputs
0 1 | Selectable |Programmable I/O port|Outputs transfer clock. O serial data.
1 0 Programmable 1/0O port|Output when not transferring* | Outputs transfer clock.
1 1 Qutputs transfer clock. |Output when not transferring* | O

Output when not transferring*: When the CLK polarity selection bit (bit 6 at address 3416) = “0,” the CLKo
pin outputs “H” level; when this bit = “1,” the CLKo pin outputs “L” level.
O When bit 2 at address 1416 (port P8 direction register) = “0,” the RxDo/CLKSo pin is in a floating state;
when this bit = “1,” the RxDo/CLKSo pin do the processing of “output when not transferring.”

M37733MHBXXXFP
TxDo
CLKS1
CLKSo
ClKo IN IN IN
CLK CLK CLK

Note: This is applied when the following conditions are satisfied:
*Only transmission is performed.
*Clock synchronous serial /0 mode is selected.
*An internal clock is selected.

Fig. 8.3.2 Connection example when one transfer clock output pin is selected from three pins
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[Switching of transfer clock output pin]
When the transfer clock output pin is switched while transmission is enabled, follow the procedure described
below. Transmission starts when step 0 is executed:

O Check whether the previous transfer is completed or not. (Refer to Figure 8.3.6.)
O If the previous transfer has been completed, change the contents of the transmit clock output pin

selection bit.

0 Set the transmit data.

For usage examples, refer to section “17.2.2 Examples of transmission for several peripheral ICs
(Clock synchronous serial /0O mode).”

Table 8.3.4 Number of channels for serial I/O transmission/reception for the case where multiple
transfer clock output pins are used

Pin

Setting example

O

O

O

CTSo/RTSo/CLKS1 (P80)

Outputs transfer clock.

Programmable 1/O port

Outputs transfer clock.

CLKo (P81) Outputs transfer clock. Outputs transfer clock. Outputs transfer clock.
RxDo/CLKSo (P82) Outputs transfer clock. Outputs transfer clock. Receives data.
TxDo (P83) Transmits data. Transmits data. Transmits data.

Number of channels for
serial 1/0 transmission/
reception
*Status of transmit clock
output pin selection bits
(b5, b4)

3/channels for transmission
<CLKSl (1 1)

ITxDo

'CLKo

\TxDo

'CLKSo

{ 1,0
TxDo ( )

0, 1)

2 channels for transmission

A
<CLKo 0. 1)
JIxDo

;

CLKSo
{ (1, 0)
ITxDo

1 channel for transmission
{CLKSl @ 1)

TxDo

1 channel for

transmission/reception
(CLKo
{RxDo
TxDo

0, 1)

Note: Set bit 2 at address 1416 (port P8 direction register) to “0.”
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8.3.2 Transfer data format

LSB-first or MSB-first can be selected (UARTO, UART1). Table 8.3.5 lists the relationship between the
transfer data format and the way to write/read to and from the UARTI transmission/receive buffer register.
By setting the transfer format selection bit (bit 7 at addresses 3416, 3C16), transfer data format can be
selected.

When this bit is cleared to “0,” the set data is written to the UARTI transmission buffer register as the
transmit data. Similarly, the data in the UARTI receive buffer register is read out as the receive data. (Refer
to the upper row in Table 8.3.5. )

When this bit is set to “1,” each bit's position of the set data is reversed, and then this data is written to
the UARTI transmission buffer register as the transmit data. Similarly, each bit's position of data in the
UARTI receive buffer register is reversed, and then this data is read out as the receive data. (Refer to the
lower row in Table 8.3.5. )

Note that only the way to write/read to and from the UARTI transmission/receive buffer register is affected
by the transfer data format. The transmit/receive operation is unaffected.

The transfer data format for UART2 is fixed to “LSB-first.”

Table 8.3.5 Relationship between transfer data format and w
transmission/receive buffer register

ay to write/read to and from UARTiI

Transfer format Transfer data format When data is written to UARTi When data is read from UARTI
selection bit transmission buffer register receive buffer register
Data bus UARTI transmission Data bus UARTIi receive
buffer register buffer register
LSB DB7 —® Dy DB7 --—— Dy
DB6 —P Ds DB6 -—— Ds
0 (Least Significant Bit)
DB5 —® ps DB5 <-— pDs
first DB4 —B D, DB4 w— Dy
DB3 —® D3 DB3 -w— D3
DB2 —®» D> DB2 =.— D,
DB1I —® D DBl =— D,
DBO — D3 DB0O -=—— Do
Data bus UARTI transmission Data bus UARTI receive
buffer register buffer register
DB7 DB7
MSB DB6 DB6
N . DB5 DB5
1 (Most Significant Bit)
DB4 DB4
first DB3 DB3
DB2 DB2
DB1 DB1
DBO DBO
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8.3.3 Method of transmission

Figures 8.3.3 and 8.3.4 show initial setting examples for related registers when transmitting. Transmission
is started when all of the following conditions (O to [0) are satisfied. When an external clock is selected,
satisfy conditions O to O with the following preconditions satisfied.

[Preconditions for UARTO and UART1]
* The CLKi pin’s input is at “H” level.

(When an external clock is selected and the CLK polarity selection bit
e The CLKi pin’s input is at “L” level.

(When an external clock is selected and the CLK polarity selection bit = “1.”)
Note: When an internal clock is selected, the above preconditions are ignhored.

“0.”)

[Preconditions for UART2]
* The CLKi pin’s input is at “H” level.
(When an external clock is selected)
Note: When an internal clock is selected, the above precondition is ignored.

O Transmit enable state (transmit enable bit = “1")

O Transmit data is present in the UARTI transmission buffer register (transmission buffer empty flag =
“0").

O The CTSi pin’s input is at “L” level (when the CTS function is selected)

Note: When the CTS function is not selected or in UARTZ2, this condition 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 (UARTO, UART1). For details, refer to section “8.3.6 Receive operation.”
When using interrupts, settings for enabling interrupts are required. For details, refer to chapter “4.
Interrupts.”

Figure 8.3.5 shows how to write data after transmission is started and Figure 8.3.6 shows how to detect
the transmit completion.
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/ UARTO transmit/receive mode register (address 30 16) \
UART1 transmit/receive mode register (address 38 16)
UART2 transmit/receive mode register (address 64 16)

b7 b0
Lo[ofo]o] Jofo]1]

Clock synchronous serial I/O mode

Internal/External clock selection bit
0: Internal clock
1: External clock

\ [ : It may be “0” or “1.” /

Note 1: Nothing is implemented to bit 7 of UART2 transmit/receive mode register.

/ UARTO transmit/receive control register O (address 34 16) \
UART1 transmit/receive control register 0 (address 3C 16) UART2 transmit/receive control register 0 (address 68 16)
b7 b0 b7 b0
\—L BRG count source selection bits BRG count source selection bits

b1l b0 b1 b0
0 0: Clock f2 0 0: Clock f2
0 1: Clock fie 0 1: Clock fi6
1 0: Clock fes 1 0: Clock fes
1 1: Clock fs12 1 1: Clock fs12

——— CTs/RTS function selection bit (Note 2) —— CTs enable hit
0: The CTS function is selected. 0: The CTS function is enabled.
1: The RTS function is selected. (CTS function is disabled.) 1: The cTs function is disabled (I/O port).
CTS/RTS enable bit
0: The CTS / RTS function is enabled.
1: The CTS/ RTS function is disabled.

Data output selection bit
0: TxDi pin is set for CMOS output.
1: TxDi pin is set for N-channel open-drain output.

CLK polarity selection bit
0: At the falling edge of the transfer clock, transmit data is output.
1: At the rising edge of the transfer clock, transmit data is output.

Transfer format selection bit
0: LSB first
1: MSB first

\ Clocks f2, f1s, fe4, and fs12: Refer to chapter “14. CLOCK GENERATING CIRCUIT.” /

Note 2: The CTS /RTS function selection bit is valid
when the CTS / RTS enable bit = “0.”

/ Serial transmit control register (address 6E 16) \
b7 b0

Transmission clock output pin selection bits
b5 b4

0 0: One transfer clock output pin

01:

10: f Multiple transfer clock output pins

\ 11

/

O Multiple transfer clock output pins can be selected
when performing only transmission with an internal
clock selected in UARTO.

In this case, the CTS function cannot be used.

Continued to
“Initial setting example for related registers when transmitting (2)”
on the next page

Fig. 8.3.3 Initial setting example for related registers whe n transmitting (1)
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Continued from
“Initial setting example for related registers when transmitting (1)”
on the preceding page

UARTO baud rate register (BRGO) (address 31 16)
UART1 baud rate register (BRG1) (address 39 16)
UART2 baud rate register (BRG2) (address 65 16)

A value from 0016 to FFus is set.

E O Necessary only when internal clock is selected.

/ Port P8 register (address 12 16) \
b7 b0
LI [ [ [ofofo] |

01
Set the output level of CLKS1 pin when not transferring
0: “L” (when clock polarity selection bit = “1”)
1: “H” (when clock polarity selection bit = “0”)

Port P8 direction register (address 14 16)
b7 b0

LI [ [ [olsfofs]

CcLKs1 pin~t

L CLKsO0pin ?

\ O : It may be “0” or “1.” /

[01: Set this bit only when the number of the transfer clock
output pins is 3.

[02: Set this bit only when the number of the transfer clock
output pins is 2 or 3.

UARTO transmission interrupt control register (address 71 16)

UART1 transmission interrupt control register (address 73 16)

A-D/UART2 trans./rece. interrupt control register (address 70 16)
b7 b0

- Interrupt priority level selection bits

When using interrupts, one of level 1 to 7 must be set.
When disabling interrupts, level 0 must be set.

UARTO transmission buffer register (address 32 16)
UART1 transmission buffer register (address 3A 16)
UART2 transmission buffer register (address 66 16)
b7 b0

T— Transmit data is set here.

UARTO transmit/receive control register 1 (address 35 16)

UART1 transmit/receive control register 1 (address 3D 16)

UART2 transmit/receive control register 1 (address 69 16)
b7

b0
LI T T T T Jaf

Transmit enable bit
1: Transmission is enabled.

Transmission is started.

(If the CTS function is selected, transmission is started
when the CTSi pin’s input level is “L.”)

Fig. 8.3.4 Initial setting example for related registers when transmitting (2)
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[When not using interrupts]

[When using interrupts]

A UARTI transmission interrupt request
occurs when the UARTI transmission
buffer register becomes empty.

-

Checking status of the UARTI transmission buffer register

UARTO transmit/receive control register 1 (address 35 16)
UART1 transmit/receive control register 1 (address 3D 16)
UART2 transmit/receive control register 1 (address 69 16)

b7 bo

LI T[T Ja
—

Transmission buffer empty flag

~

UARTI transmission interrupt

0: Data is present in the transmission buffer register.
1: No data is present in the transmission buffer register.

(Next transmit data can be written.) /

/Writing of next transmit data

UARTO transmission buffer register (address 32 16)
UART1 transmission buffer register (address 3A 16)
UART?2 transmission buffer register (address 66 16)

~

Transmit data is set here. |

U This diagram indicates bits and registers required
for processing.
Refer to Figure 8.3.8 for details about the change
of flag status and the occurrence timing of an
interrupt request.

Fig. 8.3.5 How to write data after transmission is started
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A UARTI transmission interrupt request
occurs when the transmission is started.

/Checking the start of transmission \

UARTO transmission interrupt control register (address 71 16)
UARTL1 transmission interrupt control register (address 73 16)
A-D/UART2 trans./rece. interrupt control register (address 70 16)

UARTI transmission interrupt
b7 bo

S 11

Interrupt request bit
0: No interrupt request has occurred.
1: Interrupt request has occurred.

\\ (Transmission has been started.)/

U This diagram indicates bits and registers required
\  for processing.

-

Checking the completion of transmission Refer to Figure 8.3.8 for details about the change
UARTO transmit/receive control register O (address 34 16) _Of flag status and the occurrence timing of an
UART1 transmit/receive control register 0 (address 3C 16) Interrupt request.
UART2 transmit/receive control register 0 (address 68 16)
b7 b0
[ Transmission register empty flag
0: Transmission is in progress.

\\ 1: Transmission is completed. /

Note: Nothing is allocated to bits 7 to 4 of the UART2
transmit/receive control register 0.

< Processing at completion of transmission )

Fig. 8.3.6 How to detect of transmit completion
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8.3.4 Transmit operation

When the transmit conditions described in section “8.3.3 Method of transmission”  are satisfied while an
internal clock is selected, the transfer clock is generated. And then, the following operations are automatically
performed after one cycle of the transfer clock has passed.

When the transmit conditions are satisfied and the external clock is input to the CLKi pin while the external
clock is selected, the following operations are automatically performed.

The UARTI transmission buffer register’s contents is transferred to the UARTI transmission register.
The transmission buffer empty flag is set to “1.”

The transmission register empty flag is cleared to “0.”

A UARTI transmission interrupt request occurs and the interrupt request bit is set to “1.”

Eight transfer clocks are generated (when an internal clock is selected).

The transmit operation is described below.

0O Data in the UARTI transmission register is transmitted from the TxDi pin synchronously with the valid
edge” of the CLKi pin’s clock.

O This data is transmitted bit by bit sequentially beginning with the least significant bit (LSB).

O When one byte of data has been transmitted, the transmission register empty flag is set to “1.” This
indicates the completion of transmission.

Valid edge”: In UARTO and UART1, this means the falling edge when the CLK polarity selection bit = “0”
and the rising edge when the CLK polarity selection bit = “1”; in UART2, this means the
rising edge.

Figure 8.3.7 shows the transmit operation.

When an internal clock is selected, if the transmit conditions for the next data are satisfied at completion
of transmission, the next transfer clock is generated immediately. Accordingly, when performing transmission
in succession, set the next transmit data to the UARTI transmission buffer register during transmission
(when the transmission 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 selection bit = “0,” and it stops at “L”
level when the CLK polarity selection bit = “1.”

Figure 8.3.8 shows an example of transmit timing (when an internal clock and the CTS function are
selected).

4
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b7 b0
UARTI transmission buffer register | Transmit data |
<
MSB LSB
CLKi pin’s clock UARTI transmission register | D7| D5| D5| D4| D3| D2| D1| D0|

| |o7|pe| Ds| pa| D3| D2 D1] > Do

apal | | lo7[os|ps|ps|ps|pD2|— D1

I B Y

D6|D5|D4|D3|—> D2

SRR AR AR AR AR AR L[]

O This is applied when the CLK polarity selection bit = “0.”
When the CLK polarity selection bit = “1,” data is shifted at the rising edge of
the transfer clock of CLKi pin.

I N e

Fig. 8.3.7 Transmit operation

Tc

Transfer clock ||||||||||||||||||||||||||||| ||||||||||||||||

aqn
Transmit enable bit J | |
“gr

Data is set in UARTI transmission buffer register.

Transmission buffer “1* 4)
empty flag “Q AN

UARTI transmission register — UARTI transmission buffer register

A e

L

— = Stopped because transmit enable bit = “0”

Stopped because CTSi pin's level = *H”
CLKi

n n_
- T O PEeeRERE 00 DOREORERE

Transmission register - | | | |
empty flag “0”

UARTi transmit interrupt “1”
request bit “gr

Cleared to “0” when an interrupt request is accepted; otherwise,
The above timing diagram is applied when cleared by software.
the following conditions are satisfied:

Tenpi: Next transmit conditions are checked when this signal level becomes “H.”

Internal clock is selected. . : - - -
® (TENDiI is an internal signal. Accordingly, it cannot be read from the external.)

@ CTS function is selected.
® CLK polarity selection bit = “0. Te = ToLk = 2(n+L)ff
fi: BRGi's count source frequency (f2, f16, f64, or f512)
n: Value set to BRGi

Fig. 8.3.8 Example of transmit timing (when internal clock a nd CTS function are selected)
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Transfer clock

Transmit enable bit
g

Transmission buffer “1”

empty flag .

CLKi

TENDI

TxDi

Transmission register “1”
empty flag «g»

UARTI transmit “1”
interrupt request bit o

Tc

e
Ut UUUUTUUUUUUUUy trurduuuey

Data is set in UARTI transmission

buffer register.

e

TcLk UARTI transmission register — UARTI transmission buffer register

Stopped because transmit enable bit = “0”

i i I

(XXX KKK KKK XKD KoKoNo XX oKX KKK oK

]

[ [ 5 [

[

The above timing diagram is applied when
the following conditions are satisfied:

Internal clock is selected.
CTS function is not selected.
CLK polarity selection bit = “0.”

Cleared to “0” when an interrupt request is accepted; otherwise,
cleared by software.

Tenpi: Next transmit conditions are checked when this signal level becomes “H.”
(Tenpi is an internal signal. Accordingly, it cannot be read from the external.)

Tc = TCLK = 2(n+1)/fi
fi: BRGi's count source frequency (f2, f16, f64, or f512)
n: Value set to BRGi

Fig. 8.3.9 Example of transmit timing (when

internal clock is selected and CTS function is not selected)
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8.3.5 Method of reception

Figures 8.3.10 and 8.3.11 show initial setting examples for related registers when receiving. Reception is
started when all of the following conditions (O to [O) are satisfied. When an external clock is selected,
satisfy conditions [0 to O with the following preconditions satisfied.

[Preconditions for UARTO and UART1]
e The CLKi pin’s input is at “H” level.

(When an external clock is selected and the CLK polarity selection bit
* The CLKi pin’s input is at “L” level.

(When an external clock is selected and the CLK polarity selection bit = “1.")
Note: When an internal clock is selected, the above preconditions are ignored.

“0.”)

[Preconditions for UART?Z2]
* The CLKi pin’s input is at “H” level.
(When an external clock is selected)
Note: When an internal clock is selected, the above precondition is ignored.

O Receive enable state (receive enable bit = “1”)
O Transmit enable state (transmit enable bit = “1")
O Dummy data is present in the UARTI transmission buffer register (transmission buffer empty flag = “0”).

By connecting the RTSi pin (receiver side) and CTSi pin (transmitter side), the timing of transmission and
that of reception can be matched (UARTO, UART1). For details, refer to section “8.3.6 Receive operation.”
When using interrupts, settings for enabling interrupts are required. For details, refer to chapter “4.
Interrupts.”

Figure 8.3.12 shows the processing after reception is completed.
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/ UARTO transmit/receive mode register (address 30 16) \
UART1 transmit/receive mode register (address 38 16)
UART?2 transmit/receive mode register (address 64 16)

b7 b0
Lo[ofofo] [ofo]1]

Clock synchronous serial I/O mode

L Internal/External clock selection bit
0: Internal clock
1: External clock

k O : It may be “0” or “1.” j

Notes 1: Nothing is implemented to bit 7 of the UART2 transmit/receive
mode register.

/UARTO transmit/receive control register O (address 34 16) UART2 transmit/receive control register 0 (address 68 16) \
UART1 transmit/receive control register 0 (address 3C 16)
b7 b0 b7 b0
\—L BRG count source selection bits BRG count source selection bits

b1b0 b1b0
0 0: Clock f2 0 0: Clock f2
0 1: Clock fie 0 1: Clock fie
1 0: Clock fe4 1 0: Clock fea
1 1: Clock fs12 1 1: Clock fs12

L CTs/RTs function selection bit (Note 2) L CTs enable bit
0: The CTS function is selected. (The RTS function is disabled.) 0: The CTS function is enabled.
1: The RTS function is selected. 1: The CTS function is disabled (110 port).

-—————— CTS/RTS enable bit
0: The CTS/ RTS function is enabled.
1: The CTS / RTS function is disabled.

CLK polarity selection bit
0: The receive data is input at the rising edge of the transfer clock.
1: The receive data is input at the falling edge of the transfer clock.

Transfer format selection bit
0: LSB first
1: MSB first

Clocks f2, fis, fes, and fs12 : Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

K

Notes 2: The CTS/RTS function selection bit is valid
when the CTS/ RTS enable bit = “0.”
The RTS function is ignored when an internal
clock is selected.
3: The RTS output function is not assigned for UART2.

UARTO baud rate register (BRGO) (address 31 16)
UART1 baud rate register (BRG1) (address 39 16)
UART?2 baud rate register (BRG2) (address 65 16)

b7 b0

T— A value from 0016 to FFis is set.

O Necessary only when an internal clock is selected.

Continued to
“Initial setting example for related registers when receiving (2)”
on the next page

Fig. 8.3.10 Initial setting example for related registers when receiving (1)
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Continued from
“Initial setting example for related registers when receiving (1)”
on the proceeding page

e Port P8 direction register (address 14 16) N\
b7 b0

Lol [ [ Jof |]
L

RxDo pin

RxD1 pin

Port P7 direction register (address 11 16)
b7 b0

LI [ ol TTT]
\\ \—RxDz pin (Note 1) /

Notes 1: In the 7733 Group or the 7735 Group, set this bit.
In the 7736 Group, it is not necessary to set this bit.
/ UARTO receive interrupt control register (address 72 16)
UART1 receive interrupt control register (address 74 16)
A-D/UART2 trans./rece. interrupt control register (address 70 16)

b7

b0
-- Interrupt priority level selection bits

When using interrupts, one of level 1 to 7 must be set.
When disabling interrupts, level 0 must be set.

. %
- N

UARTO transmission buffer register (address 32 16)
UART1 transmission buffer register (address 3A 16)
UART?2 transmission buffer register (address 66 16)

Dummy data is set.

(& /
- N

UARTO transmit/receive control register 1(address 35 16)
UART1 transmit/receive control register 1(address 3D 16)
UART?2 transmit/receive control register 1(address 69 16)

b7 b0

LI L[ Jaf a

Transmit enable bit (Note 2)
1: Transmission is enabled.

— Receive enable bit (Note 2)
1: Receptipn is enabled.

= J

Notes 2: Set the receive enable bit and the transmit
enable bit to “1” simultaneously.

Reception is started.

Fig. 8.3.11 Initial setting example for related registers when receiving (2)
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[When not using interrupts]

UARTO transmit/receive control register 1 (address 35 16)
UART1 transmit/receive control register 1 (address 3D 16)
UART2 transmit/receive control register 1 (address 69 16)

b7 b0
LI LT Jaf o
—

Receive completion flag

/Checking the completion of reception \

0: Reception is not completed.
\ 1: Reception is completed. /

[When using interrupts]

A UARTI receive interrupt request occurs
when reception is completed.

UARTI receive interrupt

J

(R N

UARTO receive buffer register (address 36 16)
UARTL1 receive buffer register (address 3E 16)
UART?2 receive buffer register (address 6A 16)

b7 b0

HEEEEEEE
-

eading of the receive data

\

Receive data is read out/

/Checking the error \

UARTO transmit/receive control register 1 (address 35 16)
UART1 transmit/receive control register 1 (address 3D 16)
UART2 transmit/receive control register 1 (address 69 16)

b7 b0

LI T T 1 [a
.~ &

1]

Overrun error flag
0: No overrun error is detected.

K 1: Error is detected. /

< Processing after reading out receive data

O This diagram indicates bits and registers
required for processing.
Refer to Figure 8.3.15 for details about the
change of flag status and the occurrence timing
of an interrupt request.

Fig. 8.3.12 Processing after reception is completed
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8.3.6 Receive operation

When the receive conditions described in section “8.3.5 Method of reception” are satisfied while an
internal clock is selected, the transfer clock is generated. And then, the receive is started after one cycle
of the transfer clock has passed.

When the receive conditions are satisfied while the external clock is selected, UARTI is in the reception
enabled state. Then, the external clock is input to the CLKi pin and reception is started.

In UARTO and UART1, when the RTS function is selected with an external clock selected, the RTSi pin’s
output level is “L,” and the microcomputer informs the transmitter side that reception is enabled. When
reception is started, the RTSi pin’s output level is “H.” Accordingly, by connecting the RTSi pin to the CTSi
pin of the transmitter side, the timing of transmission and that of reception can be matched.

When an internal clock is selected, do not use the RTS function because the RTSi output is undefined.
Figure 8.3.13 shows a connection example.

The RTS output function is not assigned for UART2.

The receive operation is described below.

O The signal which is input from the RxDi pin is taken in the most significant bit of the UARTI receive
register synchronously with the valid edge® of the clock which is output from the CLKi pin or input to
the CLKi pin.

O The contents of the UARTI receive register is shifted by 1 bit to the right.

O Operations 0 and O are repeated at each valid edge of the clock which is output from the CLKi pin or
input to the CLKi pin.

O When one byte of data is prepared in the UARTI receive register, the contents of this register is
transferred to the UARTI receive buffer register.

O Simultaneously with [0, the receive completion flag is set to “1.” At this time, a receive interrupt request
occurs, and then an interrupt request bit is set to “1.”

Valid edge” : In UARTO and UART1, this means the rising edge when the CLK polarity selection bit = “0”
and the falling edge when the CLK polarity selection bit = “1”; in UARTZ2, this means the rising
edge.

The receive completion flag is cleared to “0” when the low-order byte of the UARTI receive buffer register
is read out. The RTSi pin continues to output “H” level until the receive conditions are next satisfied (when
the RTS function is selected). Figure 8.3.14 shows the receive operation and Figure 8.3.15 shows an
example of receive timing (when an external clock is selected).

When the contents of the UARTI receive buffer register is read out with the transfer format selection bit
= "1" (MSB first), each bit's position of this register’'s contents is reversed and the resultant data is read
out (UARTO, UARTL).
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Transmitter side Receiver side
TxDi \><
RxDi - |

CLKi g

TxDi

RxDi

CLKi

CTSi[= ¢ RTSi (Note)

Note: The RTSi output function is not assigned for

Fig. 8.3.13 Connection example

o MSB LSB
Clock which is output ) ) .
from or input to CLKi pin UARTI receive register [ |

= oo |

1
_M — | D1 Do |
LU

—>|D2|D1|Do |

@)
- |D7 De D5|D4 D3|D2|D1|Do|
14
b7 bo
UARTI receive buffer register | Receive data |

O This is applied when the CLK polarity selection bit = “0.”
When the CLK polarity selection bit = “1,” data is shifted at the falling edge of
the clock which is output from or input to the CLKi pin.

Fig. 8.3.14 Receive operation
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wpn
“Q”

Receive enable bit

wqn
Transmit enable bit

‘0"——  Dummy data is set in UARTI transmission buffer register.

Transmission buffer | EI)‘ (I)\
empty flag «o» |

! ! UARTI transmission register — UARTI transmission buffer register
wh

(Note) RTSi oL | |

i »‘—'47 1/ fexr
()

CLKi
Received data is taken in.
RxDi
UARTI receive register - UARTi receive buffer register UARTI receive buffer register is read out.
Receive completion flag \
“o

UARTi receive ‘1"
interrupt request bit «»
Cleared to “0” when an interrupt request is accepted; otherwise,
cleared by software.

When the CLKi pin’s input level is “H,” satisfy the

The above timing diagram is applied when
the following conditions are satisfied:

External clock is selected. following conditions:
RTS function is selected. Transmit enable bit - “1”
CLK polarity selection bit = “0.” Receive enable bit - “1”
Writing of dummy data to UARTI transmission
fext: Frequency of external clock buffer register

Note: The RTSi output function is not assigned for UART2.

Fig. 8.3.15 Example of receive timing (when external clock is selected)
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8.3.7 Processing when an overrun error is detected

In the clock synchronous serial /O mode, an overrun error can be detected.

An overrun error occurs when the next data is prepared in the UARTI receive register with the receive
completion flag = “1” (in other words, data is present in the UARTI receive buffer register), and then the
next data is transferred to the receive buffer register. In other words, when the next data is prepared before
the contents of the UARTI receive buffer register is read out, an overrun error occurs. When an overrun
error occurs, the next data is written into the UARTI receive buffer register. At this time, 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. At this time, the overrun error flag is set to “1.” The overrun error flag is cleared to “0” when
the serial /0 mode selection bits are cleared to “0002” or when the receive enable bit is cleared to “0.”

When an overrun error occurs during reception, initialize the overrun error flag and the UARTI receive
buffer register, and then perform reception again. When it is necessary to perform transmission owing to
an overrun error which occurs in the receiver side, set the UARTI transmission buffer register again, and
then starts transmission again.

The method of initializing the UARTI receive buffer register and that of setting the UARTI transmission
buffer register again are described below.

(1) Method of Initializing UARTI receive buffer register
O Clear the receive enable bit to “0.” (Reception is disabled.)
O Set the receive enable bit to “1” again. (Reception is enabled.)

(2) Method of setting UARTI transmission buffer register again
O Clear the serial /0 mode selection bits to “0002.” (Serial 1/0O is ignored.)
O Set the serial /0O mode selection bits to “0012" again.
O Set the transmit enable bit to “1.” (Transmission is enabled.) And set the transmit data to the UARTI
transmission buffer register.
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8.3.8 Precautions for clock synchronous serial 1/0

1. The transfer clock is generated by the operation of the transmit control circuit. Accordingly, even when
performing only reception, the transmit operation (setting for transmission) must be performed. In this
case, dummy data is output from the TxDi pin to the external.

2. When an internal clock is selected during reception, the transfer clock is generated if the following
conditions are satisfied:
*The transmit enable bit is set to “1.” (Transmission is enabled.)
Dummy data is set to the UARTI transmission buffer register.
When an external clock is selected during reception, the transfer clock is generated if the following
conditions are satisfied:
*The transmit enable bit is set to “1.”
*A clock is input to the CLKi pin after dummy data is set to the UARTI transmission buffer register.

3. When an external clock is selected, make sure that the following conditions are satisfied with the CLKi
pin’s input level = “H” if the CLK polarity selection bit = “0” or with the CLKi pin’s input level = “L" if the
CLK polarity selection bit = “1™:

[At transmitting]
O Set the transmit enable bit to “1.”
O Write the transmit data to the UARTI transmission buffer register.
O Input “L” level to the CTSi pin (when CTS function is selected).

[At receiving]
O Set the receive enable bit to “1.”
O Set the transmit enable bit to “1.”
O Write dummy data to the UARTI transmission buffer register.

4. When receiving data in succession, set dummy data to the low-order byte of the UARTI transmission
buffer register each time when 1-byte data is received.

5. For performing the transmission and the reception simultaneously, UART2 does not distinguish the
transmission interrupt from the reception interrupt. The UART2 transmission/reception interrupt request
occurs when either interrupt request occurs. Accordingly, in the system which performs the transmission
and reception simultaneously for UART2, not use the UART2 transmission/reception interrupt but use
the method of poling the transmission buffer empty flag and the receive completion flag by software.
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8.4 Clock asynchronous serial /O (UART) mode

Table 8.4.1 lists the performance overview in the UART mode and Table 8.4.2 lists the functions of I/O pins

in this mode.

Table 8.4.1 Performance overview in UART mode

Item Functions
Transfer Start bit 1 bit
data 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 bhits
Transfer rate |When internal clock is selected| BRGi’s output divided by 16 (Maximum of 781.25 kbps
(Note))

When external clock is selected

Maximum of 312.5 kbps

Error detection

4 types (Overrun, Framing, Parity, and Summing)
Presence of error can be detected only by checking error sum flag.

Note: This is applied when the system clock selection bit (bit 3 at address 6C16) = “0” and the system clock
frequency = 25 MHz (f(f2) = 12.5 MHz). (For details, refer to chapter “14. CLOCK GENERATING
CIRCUIT.”

Table 8.4.2 Functions of I/O pins in UART mode

Pin name

Functions

Method of selection

TxDi
(P83, P87, P75)

Serial data output

(They cannot be used as programmable 1/O ports.)

RxDi
(P82, P86, P74)

Serial data input

Ports P7 and P8 direction register’s corresponding bit = “0”
(They can be used as input ports when only transmission is performed.)

CLKi
(P81, P8s, P73)

Programmable 1/O port

BRGi count source input

Internal/External clock selection bit = “0”

Internal/External clock selection

CTSIi/RTSi (Note

CTS input

CTS/RTS enable bit = “0”

(P80, P84) CTS/RTS function selection bit = “0”
RTS output | CTSIRTS enable bit=*0"
CTS/RTS function selection bit = “1”
[Programmable 1/0 port|[CTS/RTS enable bit = *1>
CTS2 (P72) CTS input CTS enable bit = “0”

CTS enable bit = “1”

Programmable 1/O port

Port P7 direction register: Address 1116

Port P8 direction register: Address 1416

Internal/External clock selection bit: Bit 3 at addresses 3016, 3816, and 6416

CTS/RTS enable bit: Bit 4 at addresses 3416 and 3Ci6

CTS/RTS function selection bit: Bit 2 at addresses 3416 and 3C16

CTS enable bit: Bit 2 at addresses 6816

O The TxDi pin outputs “H” level while not transmitting after a UARTI’s operating mode is selected.
(The TxDi pin is in a floating state when N-channel open-drain output is selected.)

Note: The RTSi output function is not assigned for UART2.
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8.4.1 Transfer rate (Baud rate: transfer clock frequency)

The transfer rate is determined by BRGi (addresses 3116, 3916, and 6516).

When a value of “n” is set in BRGi (n = 0016 to FF16), the count source is divided by (n + 1) in the BRGi,
and then the BRGi's output is further divided by 16. (In this way, the transfer clock is generated.) Accordingly,
assuming that the baud rate is B (bps), “n” is expressed by the following formula.

S
16 OB

An internal clock or an external clock can be selected as the BRGi's count source by specifying the
internal/external clock selection bit (bit 3 at addresses 3016, 3816, and 6416). When an internal clock is
selected, the clock selected by the BRG count source selection bits (bits 1 and 0 at addresses 3416, 3C1s,
and 6816) is the BRGi’'s count source. When an external clock is selected, the clock which is input to the
CLKi pin is the BRGi’'s count source.

Tables 8.4.3 to 8.4.5 list examples of baud rate setting. Be sure to set the same baud rate for both
transmitter and receiver sides.

F : BRGi's count source frequency
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Table 8.4.3 Example of baud rate setting (1)

Baud rate BRGi's System clock: 14.7456 MHz System clock: 19.6608 MHz
(bps) countsource |BRGi’s set value: n| Actual time (bps) |BRGi’'s set value: n| Actual time (bps)
300 f16 191 (BF1s) 300.00 255 (FF1e) 300.00
600 fi6 95 (5F16) 600.00 127 (7F1e) 600.00
1200 f16 47 (2F1e) 1200.00 63 (3F16) 1200.00
2400 f2 191 (BFu1s) 2400.00 255 (FF16) 2400.00
4800 f2 95 (5F16) 4800.00 127 (7F1e) 4800.00
9600 f2 47 (2F1s) 9600.00 63 (3F16) 9600.00
19200 f2 23 (1716) 19200.00 31 (1F1e) 19200.00
38400 f2 11 (OB1s) 38400.00 15 (Fie) 38400.00
57600 f2 7 (0716) 57600.00 —_—
115200 f2 3 (0316) 115200.00 -

System clock, and clocks f2, fi6: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”
Note: This is applied when the system clock selection bit (bit 3 at address 6C16) = “0.”
For details, refer to chapter “14. CLOCK GENERATING CIRCUIT.”

Table 8.4.4 Example of baud rate setting (2)

Baud rate BRGi's System clock: 24.576 MHz System clock: 25 MHz
(bps) countsource |BRGi’s set value: n| Actual time (bps) |BRGi’'s set value: n| Actual time (bps)
300 fe4 79 (4F1e) 300.00 80 (5016) 301.41
600 fie 159 (9F1s) 600.00 162 (A216) 599.12
1200 f16 79 (4F16) 1200.00 80 (50186) 1205.63
2400 fie 39 (2716) 2400.00 40 (2816) 2381.86
4800 f2 159 (9F1s6) 4800.00 162 (A216) 4792.94
9600 f2 79 (4F1e) 9600.00 80 (50186) 9645.06
14400 f2 52 (3416) 14490.57 53 (3516) 14467.59
19200 f2 39 (2716) 19200.00 40 (2816) 19054.88
31250 f2 | 24 (1816) 31250.00

System clock, and clocks f2, fie, f64: Refer to chapter “14. CLC-)CK GENERATING CIRCUIT.”
Note: This is applied when the system clock selection bit (bit 3 at address 6C16) = “0.”
For details, refer to chapter “14. CLOCK GENERATING CIRCUIT.”

Table 8.4.5 Example of baud rate setting (3)

Baud rate BRGi's System clock: 11.0592 MHz System clock: 12 MHz
(bps) countsource |BRGi’s set value: n| Actual time (bps) |BRGi’'s set value: n| Actual time (bps)
300 fie 143 (8Fu1s6) 300.00 155 (9B16) 300.48
600 fie 71 (4716) 600.00 77 (4D1s) 600.96
1200 fie 35 (2316) 1200.00 38 (2616) 1201.92
2400 f2 143 (8F16) 2400.00 155 (9B16) 2403.85
4800 f2 71 (4716) 4800.00 77 (4D1s) 4807.69
9600 f2 35 (2316) 9600.00 38 (2616) 9615.38
14400 f2 24 (1816) 14400.00 26 (1A16) 14423.08
19200 f2 17 (111e) 19200.00
28800 f2 12 (0Czis) 28800.00 13 (OD1s) 28846.15
31250 f2 11 (OB1s) 31250.00

System clock, and clocks f2, fi6: Refer to chapter “14. CLOCIZ GENERATING CIRCUIT.”
Note: This is applied when the system clock selection bit (bit 3 at address 6C16) = “0.”
For details, refer to chapter “14. CLOCK GENERATING CIRCUIT.”
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8.4.2 Transfer data format

The transfer data format can be selected from three formats shown in Figure 8.4.1. By setting bits 6 to 4
at addresses 3016, 3816 and 6416, the transfer data format can be selected. (Refer to Figures 8.2.2 and
8.2.3.) Be sure to set the same transfer data format for both transmitter and receiver sides.

Figure 8.4.2 shows an example of transfer data format. Table 8.4.6 lists each bit in transmit data.

When transfer data has a length of 7 bits 1ST-7DATA

When transfer data has a length of 8 bits 1ST-8DATA

When transfer data has a length of 9 bits ———1ST-9DATA

1SP
1ST-7DATA 2SP
1ST-7DATA-1PAR- 1SP
— 1ST-7DATA-1PAR- 2SP

1SP
1ST-8DATA 2SP
1ST-8DATA-1PAR- 1SP
1ST-8DATA-1PAR- 2SP

1SP
— 1ST-9DATA 2SP
— 1ST-9DATA-1PAR- 1SP
—— 1ST-9DATA-1PAR- 2SP

ST . Start bit
DATA : Character bit (transfer data)
PAR : Parity bit
SP : Stop hit

Fig. 8.4.1 Transfer data format
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For the case where 1ST-8DATA-1PAR-1SP

— Time
<— Transmit/Receive data —> = Next transmit/receive data
: <—— DATA (8 bits) ——> i (When transferring in
: : E ! succession)
H st lse] [ 1  Iwmselepar] sp [ sT | |
Fig. 8.4.2 Example of transfer data format
Table 8.4.6 Each bit in transmit data
Name Functions
ST “L” signal equivalent to 1 character bit which is added immediately before the
Start bit character bits. It indicates start of data transmission.
DATA Transmit data which is set in the UARTI transmission buffer register.
Character bit
PAR A signal which is added immediately after the character bits in order to improve
Parity bit data reliability. The level of this signal changes depending on odd/even parity
selection in such a way that the sum of “1”s in bits (this bit and character bits) is
always an odd or even number.
SP “H” level signal equivalent to 1 or 2 character bits which is added immediately after
Stop bit the character bits (or parity bit when parity is enabled). It indicates end of data
transmission.
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8.4.3 Method of transmission

Figure 8.4.3 shows an initial setting example for related registers when transmitting.

The difference derived by selection of transfer data length (7 bits, 8 bits, or 9 bits) is only that data is
transmitted in different lengths. When a 7/8-bit data length is selected, set the transmit data in the low-
order byte of the UARTI transmission buffer register; when a 9-bit data length is selected, set the transmit
data in the low-order byte and bit O of the high-order byte.

Transmission is started when the following conditions (O to 0) are satisfied:

O Transmit enable state (transmit enable bit = “1”)
O Transmit data is present in the UARTI transmission buffer register (transmission buffer empty flag = “0”)
00 The CTSi pin’s input is at “L” level (when the CTS function is selected)

Note: When the CTS function is not selected or in UART2, this condition 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 (UARTO, UART1). For details, refer to section “8.4.6 Receive operation.”
When using interrupts, settings for enabling interrupts are required. For details, refer to chapter “4. Interrupts.”
Figure 8.4.4 shows how to write data after transmission is started and Figure 8.4.5 shows how to detect
the transmit completion.
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/ UARTO transmit/receive mode register (address 3016)
UART1 transmit/receive mode register (address 3816)
UART2 transmit/receive mode register (address 6416)

b0

LI T T Ta] |

b2b1b0 .
10 0: UART mode (7 bits)
10 1: UART mode (8 bits)
11 0: UART mode (9 bits)

Internal/External clock selection bit
0: Internal clock
1: External clock

Stop bit length selection bit
0: 1 stop bit
1: 2 stop bits

Odd/Even parity selection bit
0: Odd parity
1: Even parity

Parity enable bit

0: Parity is disabled.
1: Parity is enabled.

(&

Sleep selection bit (Note 1)
0: The sleep mode is terminated (ignored).
1: The sleep mode is selected.

Note 1: Nothing is allocated to bit
7 of the UART2 transmit/
receive mode register.

/ UARTO transmit/receive control register 0 (address 3416)
UART1 transmit/receive control register 0 (address 3Czi6)

b0

b7
lofol T T [ 1]

CIRCUIT.”

b7

(&

CTS / RTS enable bit

Clocks f2, fis, fe4, and fs12 : Refer to chapter “14. CLOCK GENERATING

UART2 transmit/receive control register 0 (address 6816)
b0

~

BRG count source selection bits
b1b0

0 0: Clock f2

0 1: Clock fie
1 0: Clock fe4
1 1: Clock fs12

-CTS / RTS function selection bit (Note 2)
0: The CTS function is selected.
1: The RTS function is selected.

(The CTS function is disabled.)

0: The CTS / RTS function is enabled.
1: The cTS/ RTS function is disabled.

Data output selection bit

0: TxDi pin is set for CMOS output.

1: TxDi pin is set for N-channel
open-drain output.

BRG count source selection bits
b1b0

0 0: Clock f2

0 1: Clock fie

1 0: Clock fea

1 1: Clock fs12

'CTS enable bit
0: The CTS function is enabled.
1: The CTS function is disabled (1/0 pw

Note 2: The CTS/RTS function selection
bit is valid when the CTS/RTS
enable bit = “0.”

UARTO baud rate register (BRGO) (address 3116)
UART1 baud rate register (BRG1) (address 3916)
UART2 baud rate register (BRG2) (address 6516)

T— A value from 0016 to FFu16 is set.

/UARTO transmission interrupt control register (address 7116) \
UART1 transmission interrupt control register (address 7316)
A-D/UART2 transm./rece. interrupt control register (address 7016)

b7 b0
u—L Interrupt priority level selection bits
When using interrupts, one of level 1
to 7 must be set.
When disabling interrupts, level 0 mup

be set.

(&

UARTO transmission buffer register (addresses 3316, 3216)
UARTL1 transmission huffer register (addresses 3B1s, 3A16)
UART2 transmission buffer register (addresses 6716, 6616)

\—Transmit data is set here.

UARTO transmit/receive control register 1 (address 3516)
UARTL1 transmit/receive control register 1 (address 3Dz16)
UART2 transmit/receive control register 1 (address 6916)

b0
HEEEE

Transmit enable bit
1: Transmission is enabled.

Transmission is started.

(If the CTS function is selected, transmission is
started when the CTSi pin’s input level is “L.”)

Fig. 8.4.3 Initial setting example for related registers

when transmitting
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[When not using interrupts] [When using interrupts]

A UARTI transmission interrupt request occurs
when the UARTI transmission buffer register
becomes empty.

Checking the status of the UARTI transmission buffer register\

UARTO transmit/receive control register 1 (address 35 16)
UART1 transmit/receive control register 1 (address 3D 16)

UART2 transmit/receive control register 1 (address 69 16) UARTI transmission interrupt
b7 b0
LL LT[ [a]

Transmission buffer empty flag

0: Data is present in the transmission buffer register.

1: No data is present in the transmission buffer register.
(Next transmit data can be written.)

- %

0 This diagram indicates bits and registers

/

i : required for processing.
Writing of the next transmit data Refer to Figures 8.4.6, 8.4.7 and 8.4.8
UARTO transmission buffer register (addresses 33 16, 3216) for details about the change of flag
UART1 transmission buffer register (addresses 3B 16, 3A16) status and the occurrence timing of an
UART2 transmission buffer register (addresses 67 16, 6616) interrupt request.
b15 b8 b7 bo
T— Transmit data is set here.

. >

Fig. 8.4.4 How to write data after transmission is started
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[When not using interrupts]

Checking the start of transmission

UARTO transmission interrupt control register (address 71 16)
UART1 transmission interrupt control register (address 73 16)
A-D/UART?2 trans./rece. interrupt control register (address 70 16)

b7 b0

L EEEE

Interrupt request bit
0: No interrupt has occurred.
1: Interrupt has occurred.

-

(Transmission has been started.)

[When using interrupts]

UARTI transmission interrupt request
occurs when transmission is started.

UARTI transmission interrupt

(c

UARTO transmit/receive control register 0 (address 34 16)
UART1 transmit/receive control register 0 (address 3C 16)
UART2 transmit/receive control register 0 (address 68 16)

b7 b0

lofof [ [ [ ]]]
—

hecking the completion of transmission

Transmisson register empty flag
0: Transmission is in progress.
\ 1: Transmission is completed.

\

< Processing at transmit completion

)

O This diagram indicates bits and registers
required for processing.
Refer to Figures 8.4.6, 8.4.7 and 8.4.8 for
details about the change of flag status and the
occurrence timing of an interrupt request.

Note: Nothing is implemented to bits 7 to 4 of UART2.

Fig. 8.4.5 How to detect transmit completion
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8.4.4 Transmit operation

When the transmit conditions described in section “8.4.3 Method of transmission”  are satisfied, the
transfer clock is generated and the following operations are automatically performed after one cycle of the
transfer clock has passed.

The UARTI transmission buffer register’'s contents is transferred to the UARTI transmission register.
The transmission buffer empty flag is set to “1.”

The transmission register empty flag is cleared to “0.”

A UARTI transmission interrupt request occurs and the interrupt request bit is set to “1.”

The transmit operation is described below.

O Data in the UARTI transmission register is transmitted from the TxDi pin.

O This data is transmitted bit by bit sequentially in order of ST - DATA (LSB) - e<e« . DATA (MSB)-PAR
- SP according to the transfer data format.

O In the middle of the stop bit (the second stop bit when two stop bits are selected), the transmission
register empty flag is set to “1.” This indicates completion of transmission. Also, whether the transmit
conditions for the next data are satisfied or not is checked.

When the transmit conditions for the next data are satisfied at completion of transmission in operation O,
a start bit is generated following the stop bit and the next data is transmitted. When performing transmission
in succession, set the next transmit data in the UARTI transmission buffer register during transmission
(when transmission 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 is stopped.

Figure 8.4.6 shows an example of transmit timing when the transfer data length has a 8 bits. Figure 8.4.7
shows an example of transmit timing when the transfer data length has a 9 bits.
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Tc

Transfer clock |||||||||||||||||||||||||||||| ||||||

wpr
Transmit enable bit | ) . . o . | |
“0” Data is set in UARTI transmission buffer register.

Transmission buffer l—l I 1!
empty flag ..»

0

UARTI transmission register <— UARTi transmission

buffer register
TENDI I_l

Start bit Parity bit { Stop bit

mo T A\ oXeXREXeEXeXEXEY AN XXX

Transmission register |

1 :
empty flag «g |

UARTi transmission "1’ ‘ -

interrupt request bit ., | |

Cleared to “0” when an interrupt request is accepted; otherwise, cleared by software.

Stopped because transmit enable bit = “0”

The above timing diagram is applied when Tenpi : Next transmit conditions are checked when this signal level becomes “H.”

the following conditions are satisfied: (Tenoi is an internal signal. Accordingly, it cannot be read from the external.)
e Parity is enabled.

e lstopbit Tc=16(n + 1)/fi or 16(n + 1)/fext
e CTS function is not selected. fi : BRG#'s count source frequency (fz, fis, fe4, or fs12)
fext : BRGi's count source frequency (external clock)
n : Value set to BRGi

Fig. 8.4.6 Example of transmit timing when data is transferr ed in 8 bits (When parity is enabled, one
stop bit, and CTS function is not selected)

Tc

Transfer clock ||||| ||||||||||||||||||||||||| ||||||||||

agr
Transmit enable bit |
“0” J Data is set in UARTI transmission buffer register. |
Transmission buffer —I | q;’ <|; \ |
empty flag «y» \

UARTI transmission register <— UARTI transmission \

TenD |_| buffer register |_|
Start bit Stop bit Stop bit Stopped because transmit enb e bit =“0"
i STADNOKOKONOXOKOKOXDeY 5P SP\STALN DX DK 0K XN DKo 5P 5P
Transmissic;rrlnr;g);/iztgé z — l_

UARTI transmission  “1"

interrupt request bit Qo |

Cleared to “0” when an interrupt request is accepted; otherwise, cleared by software.

The above timing diagram is applied when Tenoi : Next transmit conditions are checked when this signal level becomes “H.”
the following conditions are satisfied:

o Parity is disabled. (Tenpi is an internal signal. Accordingly, it cannot be read from the external.)
e 2stop bits Tc = 16(n + 1)/fi or 16(n + 1)/fext
e CTS function is not selected. fi : BRGi's count source frequency (f2, fis, fe4, or fs12)

fext : BRGi's count source frequency (external clock)
n : Value set to BRGi

Fig. 8.4.7 Example of transmit timing when data is transferr ed in 9 bits (When parity is disabled and
two stop hits)
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17

Transmit enable bit ’
“Qr
Transmission buffer 1"
empty flag g
o
CTSi
o
TeNDi
TxDi

Transmission register 1"
empty flag o

UARTi transmission “1"
interrupt request bit .

Tc

e

J Data is set in UARTI transmission buffer register.

1 ¥

Transfer clock | | | | | || | | | | | | || |

—

—

UARTI transmission register .. UARTI transmission buffer register

[

Start bit

Parity bit

Stopped because CTS pin's level is “H.” Stopped because transmit enable bit = “0”

C @@@@@@@@G SP STADoX D1 X D2X D3\ DsXDsXDsXD7X P YSP

Stop bit

I

! |

[ ]

\

Cleared to “0” when an interrupt request is accepted; otherwise, cleared by software.

The above timing diagram is applied when

the following conditions are satisfied:
e Parity is enabled.

e 1 stop bit

e CTS function is selected.

Tenoi : Next transmit conditions are checked when this signal level becomes “H.”

(Tenbi is an internal signal. Accordingly, it cannot be read from the external.)

Tc = 16(n + 1)/fi or 16(n + 1)/fext

fi : BRGi's count source frequency (f2, fs, fes, or fs12)

fext : BRGi's count source frequency (external clock)
n : Value set to BRGi

Fig. 8.4.8 Example of transmit timing when data is transferred in 8 bits (When parity is enabled, one

stop bit, and CTS function is selected)
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8.4.5 Method of reception
Figure 8.4.9 shows an initial setting example for related registers when receiving. Reception is started
when the following conditions (O and [0) are satisfied.

O Receive enable state (receive enable bit = “1").
O The start bit 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 (UARTO, UART1). For details, refer to section “8.4.6 Receive operation.”
When using interrupts, settings for enabling interrupts are required. For details, refer to chapter “4. Interrupts.”
Figure 8.4.10 shows the processing after reception is completed.
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Note 2: The CTS/RTS function selection

~

/ UARTO transmit/receive mode register (address 30 16)
UART1 transmit/receive mode register (address 38 16)
UART?2 transmit/receive mode register (address 64 16)

b7 b0

b2b1b0 .
1 0 0: UART mode (7 bits)

10 1: UART mode (8 bits)
11 0: UART mode (9 bits)

Internal/External clock selection
bit

0: Internal clock

1: External clock

Stop bit length selection bit
0: 1 stop bit
1: 2 stop bits

Odd/Even parity selection bit
0: Odd parity
1: Even parity

Parity enable bit
0: Parity is disabled.
1: Parity is enabled.

Sleep selection bit (Note 1)
0: The sleep mode is terminated (ignored).
1: The sleep mode is selected.

S

= O Set the transfer data format in the

= same way as seton the transmitter side.

= Note 1: Nothing is allocated to bit 7 of UART2
= transmit/receive mode register.

-

~

/UARTO transmit/receive control register 0 (address 34 16)
UART1 transmit/receive control register O (address 3C 16)

b7 b0

loJof [ T T 1 1]

BRG count source selection bits
b1b0

0 0: Clock f2

0 1: Clock fi6

1 0: Clock fes

1 1: Clock fs12

CTSI/RTS function selection bit (Note 2)
0: The CTS function is selected.

(The RTS function is disabled.)
1: The RTS function is selected.

CTS/ RTS enable bit
0: The CTS/ RTS function is enabled.
1: The CTS / RTS function is disabled.

Clocks f2, fis, fea, and fs12: Refer to chapter “14. CLOCK GENERATING
CIRCUIT.”

UART2 transmit/receive control register 0 (address 68 16)
b7 b0

BRG count source selection bits

b1b0

0 0: Clock f2
0 1: Clock fis
1 0: Clock fes
1 1: Clock fs12

CTS enable bit
0: The CTS function is enabled.
1: The CTS function is disabled (110 port). J

(&

bit is valid when CTS/RTS enable
bit =“0.”

-
-
-
-
-
-

UARTO baud rate register (BRGO) (address 31 16)
UART1 baud rate register (BRG1) (address 39 16)
UART2 baud rate register (BRG2) (address 65 16)

b7 b0

HEEEEREN
T— A value from 0016 to FF1s6 is set.

~

Gort P8 direction register (address 14 16)
b7 b0

L lol [ [ Jof []
\—RxDopin

RxD1 pin

Port P7 direction register (address 11 16)
b7 bo

LI [ [o]
RxD2 pin (Note 3)

S

%

Note 3: In the 7733 Group or the 7735
Group, set this bit.
In the 7736 Group, it is not
neccessary to set this bit.

6ARTO receive interrupt control register (address 72 16)
UART1 receive interrupt control register (address 74 16)
A-D/UART2 trans./rece. interrupt control register (address 70 16)

b7

b0
-- Interrupt priority level selection bits

When using interrupts, one of level 1 to
7 must be set.

When disabling interrupts, level 0 must
be set.

UARTO transmit/receive control register 1 (address 35 16)
UART1 transmit/receive control register 1 (address 3D 16)
UART?2 transmit/receive control register 1 (address 69 16)

Receive enable bit
1: Reception is enabled.

Then, reception starts when the start
bit is detected.

Fig. 8.4.9 Initial setting example for related registers when receiving
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[When not using interrupts]

Checking the completion of reception

UARTO transmit/receive control register 1 (address 35 16)
UART1 transmit/receive control register 1 (address 3D 16)
UART2 transmit/receive control register 1 (address 69 16)

b7 b0

LI LT Taf ]
—

Receive completion flag

S

1: Reception is completed.

0: Reception is not completed.

/

[When using interrupts]

A UARTI receive interrupt request
occurs when reception is completed.

UARTI receive interrupt

/Checking the error

UARTO transmit/receive control register 1 (address 35 16)
UART1 transmit/receive control register 1 (address 3D 16)
UART2 transmit/receive control register 1 (address 69 16)

b7 b0

Framing error flag
Parity error flag
Error sum flag

1: Error is detected.

0: No error is detected.

~

/

O This diagram indicates bits and registers
required for processing.
Refer to Figure 8.4.12 for details about the
change of flag status and the occurrence
timing of an interrupt request.

-

-

Reading out the receive data

UARTO receive buffer register (addresses 37 16, 3616)
UART1 receive buffer register (addresses 3F 16, 3E16)
UART2 receive buffer register (addresses 6B 16, 6A16)

b15 b8 b7 b0
[ofofofofofofof J [ | [ [ [ ][]

T—Read out the receive data

~

=/

/Checking the error

UARTO transmit/receive control register 1 (address 35 16)
UART1 transmit/receive control register 1 (address 3D 16)
UART2 transmit/receive control register 1 (address 69 16)

b7 b0

LI LT Jaf | ]
-

Overrun error flag
0: No error is detected.
1: Error is detected.

-

~

< Processing after reading out receive data

Fig. 8.4.10 Processing after reception is completed
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8.4.6 Receive operation

When the receive enable bit is set to “1,” the UARTI enters the receive enable state. And then, the transfer
clock is generated when ST is detected, and reception is started.

When the RTS function is selected (UARTO, UARTL1), the RTSi pin’s output level becomes “L” if the UARTI
enters the receive enable state and the microcomputer informs the transmitter side that reception is
enabled. When reception is started, the RTSi pin’s output level becomes “H.” Accordingly, by connecting
the RTSi pin (receiver side) and the CTSi pin (transmitter side), the timing of transmission and that of
reception can be matched. Figure 8.4.11 shows an connection example.

The receive operation is described below.

0 The signal which is input from the RxDi pin is taken in the most significant bit of the UARTI receive
register synchronously with the transfer clock’s rising edge.

0 The contents of UARTI receive register is shifted by 1 bit to the right.

Operations O and O are repeated at each transfer clock’s rising edge.

[0 When a set of data is prepared, in other words, when shifted several times depending on the specified
data format, the UARTI receive register’'s contents is transferred to the UARTI receive buffer register.

O Simultaneously with O, the receive completion flag is set to “1.” Furthermore, a UARTI receive interrupt
request occurs and the interrupt request bit is set to “1.”

|

The receive completion flag is cleared to “0” when the low-order of the UARTI receive buffer register is read
out. The RTSi pin’s output level becomes “L” simultaneously with [0 (when RTS function is selected). Figure
8.4.12 shows an example of receive timing when transfer data has a length of 8 bits.

Transmitter side Receiver side
TXDi TxDi
RxDif=% B RXDi
CTSi |- g RTSi (Note)
Note: The RTSi output function is not assigned for

Fig. 8.4.11 Connection example
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BRGi count source

RxDi

Transfer clock

Receive completion

Receive enable bit v

flag “o”

(Note) RTSi ..

UARTIi receive «
interrupt request bit .

[T rrTmm,

‘OH_I Stop bit

Start bit

O

A

Check whether
the level is “L.”

|

Received data is taken in.

[ N

UARTi receive register — UARTI receive buffer register

Cleared to “0” when an interrupt request is accepted; otherwise, cleared by software.

! The transfer clock is generated at the
 falling edge of start bit, and reception
" is started.

The above timing diagram is applied when
the following conditions are satisfied:

e Parity is disabled.

e 1 stop bit

e RTS function is selected.

Note: The RTSi output function is not assigned for

Fig. 8.4.12 Example of receive timing when data is transferred in 8 bits (When parity is disabled and

one stop

bit)
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8.4.7 Processing when error is detected
Errors listed below can be detected in the UART mode:

e Overrun error
An overrun error occurs when the next data is prepared in the UARTI receive register with the receive
completion flag = “1” (in other words, data is present in the UARTI receive buffer register), and then
the next data is transferred to the UARTI receive buffer register. In other words, when the next data
is prepared before the contents of the UARTI receive buffer register is read out. When an overrun error
occurs, the next receive data is written into the UARTI receive buffer register. At this time, the UARTI
receive interrupt request bit is not set to “1.”

e Framing error
A framing error occurs when the number of detected stop bits does not match the number which is
set. (The UARTI interrupt request bit is set to “1.”)

e Parity error
A parity error occurs when the sum of “1”s in the parity bit and character bits does not match the
number which is set. (The UARTI interrupt request bit is set to “1.”)

Each error is detected when data is transferred from the UARTI receive register to the UARTI receive buffer
register, and the corresponding error flag is set to “1.” Furthermore, when any of the above errors occurs,
the error sum flag is set to “1.” Accordingly, the error sum flag informs whether any error has occurred or
not.

Error flags are cleared to “0” when the serial /O mode selection bits are cleared to “0002” or when the
receive enable bit is cleared to “0.” (When all of the overrun, framing, and parity error flags are cleared
to “0,” the error sum flag is cleared to “0.”) Note also that the framing and parity error flags are cleared
to “0” when the low-order byte of the UARTI receive buffer register is read out.

When an error occurs during reception, initialize the error flags and the UARTI receive buffer register, and
then perform reception again. When it is necessary to perform transmission again owing to an error which
occurs in the receiver side, set the UARTI transmission buffer register again, and then starts transmission
again.

The method of initializing the UARTI receive buffer register and that of setting the UARTI transmission
buffer register again are described below.

(1) Method of initializing UARTI receive buffer register
O Clear the receive enable bit to “0.” (Reception is disabled.)
O Set the receive enable bit to “1” again. (Reception is enabled.)

(2) Method of setting UARTI transmission buffer register again
O Clear the serial /0 mode selection bits to “0002.” (Serial 1/O is ignored.)
O Set the serial /0 mode selection bits again.
O Set the transmit enable bit to “1.” (Transmission is enabled.) And set the transmit data to the UARTI
transmission buffer register.

8.4.8 Precautions for UART

For performing the transmission and the reception simultaneously, UART2 does not distinguish the transmission
interrupt from the reception interrupt. The UART2 transmission/reception interrupt request occurs when
either interrupt request occurs. Accordingly, in the system which performs the transmission and reception
simultaneously for UART2, not use the UART2 transmission/reception interrupt but use the method of
poling the transmission buffer empty flag and the receive completion flag by software.
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8.4.9 Sleep mode (UARTO and UART1)

This mode is used when data is transferred between the master microcomputer and one slave microcomputer,
which is selected from multiple slave microcomputers connected to the master microcomputer using UARTI.
The sleep mode is selected when the sleep selection bit (bit 7 at addresses 3016 and 3816) is set to “1”
at receiving.

In the sleep mode, the receive operation is performed when the MSB (D8 when the transfer data has a
length of 9 bits; D7 when the transfer data has a length of 8 bits; Dé when the transfer data has a length
of 7 bits) of the receive data = “1.” The receive operation is not performed when the MSB = “0.” (The UARTI
receive register’s contents is not transferred to the UARTI receive buffer register. The receive completion
flag and error flags do not change and a UARTI receive interrupt request does not occur, also.)

A usage example of the sleep mode when the transfer data has a length of 8 bits is described below.

O Set the same transfer data format for the master and slave microcomputers. Select the sleep mode for
the slave microcomputer.

O Transmit the data, which has “1” in bit 7 and the address of the slave microcomputer to be communicated
in bits 6 to 0, from the master microcomputer to all slave microcomputers.

O All slave microcomputers receive data in operation 0. (At this time, a UARTI receive interrupt request
occurs.)

O For all slave microcomputers, check in the interrupt routine whether bits 6 to 0 in the receive data match
their own addresses.

O For the slave microcomputer whose address matches bits 6 to O in the receive data, terminate the sleep
mode. (Do not terminate the sleep mode for the other slave microcomputers.)
By performing operations O to [, “the slave microcomputer which performs transmission” can be specified.

00 Transmit the data, which has “0” in bit 7, from the master microcomputer. (Only the microcomputer
selected by operations [0 to O receives this data. The other microcomputers do not receive this data.)

O By repeating operation [, data is transferred between two specific microcomputers in succession. Also,
by performing operations [0 to [, another slave microcomputer can be specified.

Data is transferred between the master
Master microcomputer and one specific slave
microcomputer, which is selected from
multiple slave microcomputers.

Slave A Slave B Slave C Slave D

Fig. 8.4.13 Sleep mode
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A-D CONVERTER

9.1 Overview

The A-D converter is described below.
For this A-D converter, 8-bit resolution or 10-bit resolution can be selected. It's conversion method is the
successive approximation method and has 8 analog input pins.

9.1 Overview
The performance overview is listed in Table 9.1.1.

Table 9.1.1 Performance overview

Iltem Performance
A-D conversion method Successive approximation method
Resolution 8/10 bits can be selected by software
Absolute accuracy 8-bit resolution: +2 LSB
10-bit resolution: +3 LSB
Analog input pin 8 pins (ANo to AN7)
Conversion rate per analog input pin 8-bit resolution: 49 @AD" cycles
10-bit resolution: 59 @D" cycles

@AD" A-D converter’'s operating clock
The A-D convertor has the following four operation modes.

m One-shot mode
A-D conversion is once performed for the input voltage of one analog input pin.

m Repeat mode
A-D conversion is repeatedly performed for the input voltage of one analog input pin.

m Single sweep mode
A-D conversion is performed for the input voltage of multiple analog input pins, one at a time.

m Repeat sweep mode
A-D conversion is repeatedly performed for the input voltage of multiple analog input pins.
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9.2 Block description

Figure 9.2.1 shows the block diagram of the A-D converter. Registers related to the A-D converter are

described below.

VREF connection selection

A-D conversion
frequency selection

fa —— a2

AD
1/2

VREF Q—KO
@

Resistor ladder network Vret
AVss
I*I*I*I*Iﬂ+ *I*I*I*H
Successive approximation | ‘ [ 111
register A-D control register 1
LTI
A-D control register 0
IVYy ¥V
A-D register 0 <+
A-D register 1 °
A-D register 2 ®
A-D register 3 ®
A-D register 4 Decoder
A-D register 5 -« | | | ¢
A-D register 6 s
A-D register 7
Data bus (Odd) L‘
Comparator
- Data bus (Even) rvYy 'y
ANo () o
AN1 () o
ANz () o
ANz () o BT
N o
ANs/ADTrR () o
ANs () o
AN7 (O o T
Selector

Fig. 9.2.1 Block diagram of A-D converter

7733 Group User’'s Manual

9-3



A-D CONVERTER
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9.2.1 A-D control register 0
Figure 9.2.2 shows the structure of A-D control register 0. A-D operation mode selection bits select an
operation mode of A-D converter. The other bits are described below.

b7 b6 b5 b4 b3 b2 bl b0

| I I @-D control register 0 (address 1E 16)

Bit Bit name Functions Atreset| RW

b2 bl b0

R EEEEE 0 | Analog input selection bits 00 0: ANq is stopped. Undefined | R\

Valid in the one-shot and repeat A
(modes) (Note 1) P 00 1: AN1 is stopped.
01 0: ANz is stopped.

01 1: ANs is stopped.

o P 1 @ 10 0: ANa is stopped. Undefined | RV

b 10 1: ANs is stopped. (Note 2)

b : 11 0: ANs is stopped.

o e 2 @ 11 1: AN7 is stopped. Undefined | RW

E : E_ ________________ _ : - - b4b3

Lo 3 |A-D operation mode selection bits [ 5. 5o <hot mode 0 RW

Pt ' 01: Repeat mode

b : 10: Single sweep mode 0

' : : """""""""" 4 @ 11: Repeat sweep mode RW

; b e 5 | Trigger selection bit 0: Internal trigger 0 RW

Pt 1: External trigger

e 6 |A-D conversion start flag 0: A-D conversion is stopped. 0 RW

' 1: A-D conversion is started.

:L ______________________________ 7 A-D conversion frequency 0: f2/40 0 RW
( AD) selection flag 1: f2/2

f2l: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

Notes 1: These bits are ignored in the single sweep and repeat sweep modes. (They may be “0”
or“1”)
2: When an external trigger is selected, pin AN 5 cannot be used as an analog input pin.
3: Writing to each bit (except bit 6) of the A-D control register 0 must be performed while the
A-D converter stops operating.

Fig. 9.2.2 Structure of A-D control register 0

(1) Analog input selection bits (bits 2 to 0)
These bits are used to select an analog input pin in the one-shot and repeat modes. (Refer to section
“9.2.5 Port P7 direction register.” )
When switching the operating mode to the one-shot or repeat mode after A-D conversion is once
performed in the single sweep or repeat sweep mode, set these bits again.
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(2) Trigger selection bit (bit 5)
This bit selects a trigger occurrence source. (Refer to “(3) A-D conversion start flag.” )

(3) A-D conversion start flag (bit 6)
When internal trigger is selected
When this bit is set to “1,” a trigger occurs, and then the A-D converter starts operating. When this
bit is cleared to “0,” the A-D converter stops operating.
In the one-shot or single sweep mode, this bit is cleared to “0” after A-D conversion is completed.
In the repeat or repeat sweep mode, the A-D converter continues operating until this bit is cleared
to “0” by software.

When external trigger is selected

If the ADTRG pin level goes from “H” to “L” when this bit = “1,” a trigger occurs, and then the A-D
converter starts operating. The A-D converter stops operating when this bit is cleared to “0.” In the
one-shot or single sweep mode, this bit remains set to “1” even after A-D conversion is completed.
In the repeat or repeat sweep mode, the A-D converter continues operating until this bit is cleared
to “0” by software.

(4) A-D conversion frequency ( ¢@aD) selection flag (bit 7)
Conversion time varies according to the A-D converter’'s operating clock (gaD) selected by this bit as
listed in Table 9.2.1. Since the A-D converter’'s comparator consists of capacity coupling amplifiers,
keep that gap = 250 kHz during A-D conversion.

Table 9.2.1 Conversion time per one analog input pin (Unit: us)
A-D conversion frequency (¢@aD) selection flag 0 1
@D f2 divided by 4 f2 divided by 2
Conversion time Resolution : 8 bits 15.68 7.84
*System clock = 25 MHz (Note) | Resolution : 10 bits 18.88 9.44

Note: This is applied when the following conditions are satisfied;
of(XIN) = 25 MHz
*The main clock is selected as the system clock.
*Main clock divided by 2 is available.
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9.2.2 A-D control register 1
Figure 9.2.3 shows the structure of A-D control register 1.

b7 b6 b5 b4 b3 b2 bl bo

I 0 I . I | A-D control register 1 (address 1F 16)
A Bit Bit name Functions Atreset| RW
A ) : b o100
A 0 [A-D sweep pin selection bits 0 0: Pins ANo and AN1 (2 pins) 1 RW
[ (Valid in the single sweep and 01: Pins ANo to AN (4 pins)
IR R A 1 repeat sweep modes.)  (NOte 1) | ) - pinc"aNs to ANs (6 pins) (Note 2) L | rw
S-S 1 1: Pins ANo to AN~ (8 pins)
E E E E E E_ ____________ 2 Not implemented. Undefined
N 3 8/10-bit mode selection bit 0: 8-bit resolution 0 RW
i : : : 1: 10-bit resolution
E : :  RGREEEETEEE 4 Must be fixed to “0.” 0 RW
E : b 5 VREF connection selection 0: Pin VREF is connected. 0 RW
- bit (Note 4) 1: Pin VREF Is disconnected.
P (High impedance)
e SEELEELEEELEELEEL 6 | Notimplemented. Undefined |
e e mmmmmmmmmmmmaa 7

Notes 1: These bits are ignored in the one-shot and repeat modes. (They may be “0” or “1.”)
2: When an external trigger is selected, pin AN 5 cannot be used as an analog input pin.
3: Writing to each bit of the A-D control register 1 must be performed while the A-D
converter stops operating.
4: When the Vrer connection selection bit is cleared from “1” to “0,” wait for an interval of 1
Us or more passed, and then start A-D conversion.

Fig. 9.2.3 Structure of A-D control register 1

(1) A-D sweep pin selection bits (bits 1 and 0)
These bits are used to select analog input pins in the single sweep and repeat sweep modes. Refer
to section “9.2.5 Port P7 direction register.”

(2) VREF connection selection bit (bit 5)
This bit is used to disconnect the A-D converter’s resistor ladder network from the reference voltage
input pin (VREF) when not using the A-D converter.
When pin VREF is disconnected from the resistor ladder network, no current flows from pin VREF to
the resistor ladder network.
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9.2.3 A-D register i (i=0to 7)
Figure 9.2.4 shows the structure of A-D register i. When A-D conversion is completed, the conversion result
(in other words, the contents of the successive approximation register) is stored into this register. Each A-
D register i corresponds to an analog input pin (ANi), one for one. Table 9.2.2 lists the correspondence
of an analog input pin to A-D register i.

e \WWhen resolution = 8 bits

A-D register 0 (addresses 21 16 and 2016)
A-D register 1 (addresses 23 16 and 2216)
A-D register 2 (addresses 25 16 and 2416)
A-D register 3 (addresses 27 16 and 2616)
A-D register 4 (addresses 29 16 and 2816)
A-D register 5 (addresses 2B 16 and 2A1e)
A-D register 6 (addresses 2D 16 and 2C16)

bo A-D register 7 (addresses 2F 16 and 2E 16)

Bit Functions

At reset

RW

7 to 0 | The A-D conversion result is read out.

Undefined

RO

e \WWhen resolution = 10 bits

15to 8 “0” at reading.

0

RO

A-D register O (addresses 21 16 and 2016)
A-D register 1 (addresses 23 16 and 2216)
A-D register 2 (addresses 25 16 and 2416)
A-D register 3 (addresses 27 16 and 2616)
A-D register 4 (addresses 29 16 and 2816)
A-D register 5 (addresses 2B 16 and 2A16)
A-D register 6 (addresses 2D 16 and 2C1s)
A-D register 7 (addresses 2F 16 and 2E1s)

Bit Functions

At reset

RW

91to 0 | The A-D conversion result is read out.

Undefined

RO

15to 10| “0” at reading.

0

RO

Fig. 9.2.4 Structure of A-D register i

Table 9.2.2 Correspondence of analog input pin and A-D register i

Analog input pin | A-D register i where conversion result is stored
Pin ANo A-D register 0
Pin AN1 A-D register 1
Pin AN2 A-D register 2
Pin AN3 A-D register 3
Pin AN4 A-D register 4
Pin ANs A-D register 5
Pin ANs6 A-D register 6
Pin AN7 A-D register 7
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9.2.4 A-D/UART?2 trans./rece. interrupt control register

Figure. 9.2.5 shows the structure of the A-D/UART2 trans./rece. control register.

The A-D conversion interrupt and UART2 transmission/reception interrupt share the same interrupt control
register and interrupt vector addresses.

When UART?2 is selected, the A-D/UART2 trans./rece. interrupt control register functions as an register
which control the UART2 transmission/reception interrupt. At this time, the A-D conversion interrupt cannot
be used.

For details on interrupts, refer to chapter “4. INTERRUPTS.” For details on UART2, refer to chapter “8.
SERIAL 1/0.”

The case where this register is used as the A-D conversion interrupt control register is described below.

b7 b6 b5 b4 b3 b2 bl bo

_:I:I:I:I A-D/UART?2 trans./rece. interrupt control register (address 70 16)

Bit Bit name Functions Atreset| RW
. i i i i i i ------ o ; b2 b1 b0 0 RW
S 0 Lr;:grrupt priority level selection 000: Level 0 (Interrupt is disabled.)

A 00 1:Level 1 Priority is low.

A 010: Level 2

Voo e 1 011:Level3 0 RW
- 100: Level 4

R R TR 101: Level 5

- 110: Level 6

. : """"""" 2 111:Level7 Priority is high. 0 RW
e 3 Interrupt request bit (Note) 0: No interrupt request has occurred. 0 RW
vor oo 1: Interrupt request has occurred.

omtmmsiemmdmmmmm i m o 7to 4| Notimplemented. Undefined _

Note: When UART?2 is selected, in other words, when a serial /O mode is selected by specifying
the serial /0 mode selection bits (bits 0 to 2 at address 64 16), this bit is set to “1.”

Fig. 9.2.5 Structure of A-D/UART?2 trans./rece. interrupt con  trol register
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(1) Interrupt priority level selection bits (bits 2 to 0)
These bits select an A-D conversion interrupt’'s priority level. When using A-D conversion interrupts,
select one priority level from levels 1 to 7. If an A-D conversion interrupt request occurs, its priority
level is compared with the processor interrupt priority level (IPL), and the requested interrupt is
enabled only when its priority level is higher than the IPL. (Note that this is applied to the case where
the interrupt disable flag (I) = “0.”) When disabling A-D conversion interrupts, set these bits to “0002”
(Level 0).

(2) Interrupt request bit (bit 3)
This bit is set to “1” when an A-D conversion interrupt request occurs. This bit is automatically cleared
to “0” when the A-D conversion interrupt request is accepted.
Note that this bit can be set to “1” or cleared to “0” by software.

7733 Group User's Manual 9-9



A-D CONVERTER

9.2 Block description

9.2.5 Port P7 direction register

Input pins of the A-D converter are multiplexed with port P7. When using these pins as A-D converter’s
input pins, set the corresponding bits of the port P7 direction register to “0” to set these ports for the input
mode. Figure 9.2.6 shows the relationship between the port P7 direction register and 1/O pins of the sub-
clock oscillation circuit and peripheral functions.

b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | Port P7 direction register (address 11 16)

Bit Corresponding bit's name Functions Atreset| RW
: i i i i i i =1 o Pin ANo 0: Input mode 0 RW
' E E E E E o 1 Pin AN1 1: Output mode o RW
. - , , ! When using these pins as A-D

' ' . . H EE 2 Pin AN2/CTS2 converter’s input pins, set the 0 RW
R - corresponding bits to “0.”
SRRt 3 | Pin AN3/CLK2 o | RW
A RRRRREEIE 4 | Pin AN4/RxD2 o | rRw
Do 5 | Pin ANs/ADTRG/TXD2 o | RW
I REELC L L LR 6 | Pin ANe/Xcout ° | RW
bemmnnnnsoe e 7 | Pin AN7/Xcn o | RW

Fig. 9.2.6 Relationship between port P7 direction register and 1/0O pins of sub-clock oscillation circuit
and peripheral functions

Analog input pins function as the port P7’s 1/O pins and also function as 1/O pins of the sub-clock oscillation
circuit and UART?2. For pins which are forcedly set to the output mode when the function for the sub-clock
oscillation circuit or UART2 is selected, analog input is disabled. (Refer to “Table 9.2.3.” )

Table 9.2.3 Port P7’s pin which is forcedly set to output mode

Pin Conditions where pin is forcedly set to output mode

P73/AN3/CLK2 Clock synchronous serial 1/O mode is selected and an internal clock is used.
(bits 3 to 0 at address 6416 = “00012")

P75/AN5/ADTRG/TXD2 | Serial 1/0 mode is selected.

(bits 2 to 0 at address 6416 = “0012,” “1002,” “1012,” or “1102")
P76/AN6/XcCoUT Sub-clock oscillation circuit is operating by itself.

(bit 4 at address 6C16 = “1” and bit 2 at address 6F16 = “0" )
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9.3 A-D conversion method

The A-D converter compares the comparison voltage (Vref), which is internally generated according to the
contents of the successive approximation register, and the analog input voltage (VIN), which is input from
the analog input pin. By reflecting the comparison result on the successive approximation register, VIN is
converted into a digital value (successive approximation method). When a trigger occurs, the A-D converter
performs the following processing:

00 Determination of successive approximation register’'s bit 9
The A-D converter compares Vref and VIN. At this time, contents of the successive approximation
register is “10000000002" (Initial value).
Bit 9 of the successive approximation register changes according to the comparison result as follows:
If Vref < VIN, bit 9 = “1”
If Vref > VIN, bit 9 = “0”

O Determination of successive approximation register’'s bit 8
After setting bit 8 of the successive approximation register to “1,” the A-D converter compares Vref and
VIN. Bit 8 changes according to the comparison result as follows:
If Vref < VIN, bit 8 = “1”
If Vref > VIN, bit 8 = “0”

O Determination of successive approximation register’s bits 7 to LSB
When resolution = 8 bits ........... For bits 7 to 2, perform operation 0.
When resolution = 10 bits ......... For bits 7 to 0, perform operation 0.

When the LSB is determined, the contents of the successive approximation register, in other words,
the conversion result is transferred to the A-D register i.

Vref is generated according to the latest contents of the successive approximation register. Table 9.3.1 lists
the relationship between the successive approximation register’s contents and Vref. Tables 9.3.2 and 9.3.3
list changes of the successive approximation register and Vref during A-D conversion. Figure 9.3.1 shows
theoretical A-D conversion characteristics when resolution = 10 bits.

Table 9.3.1 Relationship between successive approximation register's contents and Vref

Successive approximation register’'s contents: n Vref (V)
0 0
VREFP
1 to 1023 — —x(n-0.5)
1024

VREFY:. Reference voltage
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Table 9.3.2 Change of successive approximation register and Vref during A-D conversion (when
resolution = 8 bits)
Successive approximation register Vref
b9 o]0]
A-D converter stopped ‘1‘0‘0‘0‘0‘0‘0‘0‘0‘0‘ Vsz[V]
1stcoriparison ‘1‘0‘0‘0‘0‘0‘0‘0‘0‘0‘ \%—\Z%N] y
*When no = 1, + YREE
onacomparson | (12 [0 0 To [0 aTo o o] [VAEF + Ve _yoer g (Menme i+
$ e 1st comparison result 2 ‘ 2048 henne =0, = VR4EF VREF
3rd comparison ‘ng‘ns‘ 1 ‘O ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘0 ‘ 0 ‘ VF;EF + VFZEF + VRSEF - \2/555 [V] *When ns = 1, +v8 }
v 4 2nd comparison resut “When ne = 0, —*%gF
8th ’ i [no[na[n7[ne[ns[nans[1 [0 [o | | VREF 4 VREF | VREF , ; VREF _ VREF
corIparlson 2 =T 4 x 3 e, * 56 — 2048
Conversion complete ‘ng‘ ns‘ n7‘ n6‘ n5‘n4‘ n3‘ nz‘ 0 ‘0 ‘
Table 9.3.3 Change of successive approximation register and Vref during A-D conversion (when
resolution = 10 bits)
Successive approximation register Vref
b9 o]0]
AD converterstopped | |1 [0 [0 o |o]o]oo]o]0] \%[V]
1stcoriparison ‘1‘0‘0‘0‘0‘0‘0‘0‘0‘0‘ \%—\Z/gfg V] ;
Wh =1, + YREF
2nd comparison | 810100010 [0 [0 [0 | | VREF & VREF _ VReF ) [,Whjﬂﬂj_;*V:EJ
; 4 st comparison result T A VRer
3rd comparison ‘ng‘ ns‘ 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ VF;EF * VFZEF * VRSEF - \2/555 V] [When ne=1 + \/8}
v 2nd comparison result “When ns =0, — =
v i VREF , VREF , VREF VREF  VREF
10thcoinpar|son ‘ng‘ns‘m‘ne‘ns‘m‘ns‘ nz‘nl‘l‘ ) + 4 + 8 + ... im =~ 048 V]
Conversion complete ‘ ng‘ ns‘ n7‘ n6‘ ns\ n4\ n3‘ nz\ nl‘ no‘
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A-D conversion result
A
Theoretical A-D conversion characteristics
3FF16 |
3FE16 |
3FDi16 |
A
00316 |
00216 |
00116 |
00016 ‘/’/ ‘ ! | i aa ! ) | >
i VREF VREF VREF VREF VREF VREF
| — T A Vi
0 102401 102492 1024 U3 1024 U 1021 754 01022 7555011023 VREF
<>
VREF .
1024 J 05 Analog input voltage

Fig. 9.3.1 Theoretical A-D conversion characteristics when r esolution = 10 bits
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9.4 Absolute accuracy and Differential non-linearity error
The A-D conversion’s accuracy is described below.

9.4.1 Absolute accuracy

The absolute accuracy is the difference expressed in the LSB between the actual A-D conversion result
and the output code of an A-D converter with ideal characteristics. The analog input voltage when measuring
the accuracy is assumed to be the mid point of the input voltage width that outputs the same output code
from an A-D converter with ideal characteristics. For example, in the case of the 10-bit resolution, when
VREF = 5.12 V, 1-LSB width is 5 mV, and 0 mV, 5 mV, 10 mV, 15 mV, 20 mV, ... are selected as the analog
input voltages.

The absolute accuracy = +3 LSB when the analog input voltage = 25 mV indicates that the output code
expected from an ideal A-D conversion characteristics is “00516” but the actual A-D conversion result is
between “00216” to “00816.”

The absolute accuracy includes the zero error and the full-scale error.

The absolute accuracy degrades when VREF is lowered. The output codes for analog input voltages between
VREF and AVcc are “3FF16.”

Output code
(A-D conversion result)

00B16 | ‘ _]

00A16 |

00916

00816 *7+3 LSB \

) Ideal A-D conversion
00716 characteristics

00616

00516 | .

00416 |

00316

00216 | v ‘

00116 |

00016 . I I I I i I ! ! ! ! | )

Analog input voltage (mV)

Fig. 9.4.1 Absolute accuracy of A-D converter (when resolution = 10 bits)
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9.4.2 Differential non-linearity error

The differential non-linearity error indicates the difference between the 1-LSB step width (the ideal analog
input voltage width while the same output code is expected to output) of an A-D converter with ideal
characteristics and the actual measured step width (the actual analog input voltage width while the same
output code is output). For example, in the case of the 10-bit mode, when VREF = 5.12 V, the 1-LSB width
of an A-D converter with ideal characteristics is 5 mV, but if the differential non-linearity error is +1 LSB,
the actual measured 1-LSB width is 0 to 10 mV. (Refer to section “16.1.4 A-D converter standard

characteristics.” )

Output code

A

00916 |
00816 |
00716
00616 |
00516 |
00416
00316 |
00216

00116

00016

(A-D conversion result)

1-LSB width with
A-D conversion characteristics

Differential non-linearity error

| L L L Il L Il Il Il

5 10 15 20 25 30 35 40 45

Analog input voltage (mV)

Fig. 9.4.2 Differential non-linearity error (when resolution = 10 bits)
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9.4.3 Comparison voltage when resolution = 8 bits

When 8-bit resolution is selected in the M37733MHBXXXFP, the high-order 8 bits of the 10-bit successive
approximation register is the conversion result.

Accordingly, when compared with the 8-bit A-D converter, the comparison reference voltage is different by
3VREF/2048 (refer to the underlined portions in the Table 9.4.1). The difference of the output code change
point is generated as shown in Figure 9.4.3.

Table 9.4.1 Compare reference voltage
M37733MHBXXXFP (When resolution = 8 bits) 8-bit A-D converter

Comparison reference
voltage Vref

VREF™Y/28 O n™2 — VREF/2%° O 0.5 VREF/28 O n — VREF/28 O 0.5

VREF™: Reference voltage
nt2; Contents of successive approximation register

e 8-bit A-D converter (When VRer = 5.12 V)

Output code

(A-D conversion result) \
02 [----emommmmmen e

1|

00 j

30 Analog input voltage (mV)

Output code
(A-D conversion result)

8-bit 10-bit

resolution  resolution  f----- oo B e 10-bit resolution
02------- 8-bit resolution
01------
00-------

17.5 37.5
Analog input voltage (mV)

0: Difference from output code change point
VREF: Reference voltage

Fig. 9.4.3 Difference of output code change point
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9.5 One-shot mode

*A-D operation mode selection bits (bits 4 and 3 at address 1E16) = “002”

In this mode, A-D conversion is once performed for the input voltage of one analog input pin. An A-D
conversion interrupt request occurs when the A-D conversion is completed. Note that an A-D conversion
interrupt cannot be used when the UART2 transmission/reception interrupt is used.

9.5.1 Setting for one-shot mode
Figure 9.5.1 shows an initial setting example for registers related to the one-shot mode.

When using interrupts, settings for enabling interrupts are required. For details, refer to chapter “4.
INTERRUPTS.”
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\

Setting of the A-D control registers 0, 1

b7 b0 b7 b0

| | 0 | | 0 | 0 | | | | A-D control register 0 (address 1E 15) - 0 | 0 | . a | 0 | A-D control register 1 (address 1F 16)
Analog input selection bits 8/10-bit mode selection bit
b2b1b0 0: 8-hit resolution
0 0 0: ANo is selected. 1: 10-bit resolution
00 1: AN1 is selected.
01 0: ANz is selected. VRer connection selection bit
01 1: AN3 s selected. 0: Pin Vrer is connected.

10 0: ANa4 is selected.
10 1: ANs is selected.
11 0: ANe is selected.
11 1: AN7 is selected.

Selection of the one-shot mode

Trigger selection bit
0: Internal trigger
1: External trigger

A-D conversion start flag
0: A-D conversion is stopped.

A-D conversion frequency ( ¢ Ap) selection flag O : It may be “0” or “1.”
0: f2/4 f2: Refer to chapter “14. CLOCK GENERATING
1- fol2 CIRCUIT.”

e
A

Setting of the interrupt priority level
b7 b0

_:IE‘ A-D/UART2 trans./rece. interrupt control register (address 70 16)

Interrupt priority level selection bits
When using interrupts, one of levels 1 to 7 must be set.
When disabling interrupts, level 0 must be set.

~

Setting of the port P7 direction register
b7 b0
| | | | | | | | | Port P7 direction register (address 11 16)

LANo

AN1  set bits corresponding to selected
AN2 analog input pins to “0.”

AN3  When an external trigger is

ANs Selected, set bit 7 to “0.”

ANs
AN6

\ AN7 j

Setting of the A-D conversion start flag to “1”

b7 b0
| 1 | | | | | | | A-D control register 0 (address 1E 16)

‘ A-D conversion start flag

When external trigger is selected

\ 4

Falling edges input
to pin ADtre

When internal trigger
is selected

Note: Writing to each bit (except bit 6) of the A-D control register 0 and
each bit of the A-D control register 1 must be performed while
A-D converter stops operating, in other words, before a trigger
is generated.
When the VRrer connection selection bit is cleared from “1” to “0,”
wait for an interval of 1 us or more passed, and then generate

a trigger. Trigger is generated.

A-D conversion is started.

Fig. 9.5.1 Initial setting example for registers related to one-shot mode
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9.5.2 Operation in one-shot mode
Figure 9.5.2 shows the conversion operation in the one-shot mode.

(1) When internal trigger is selected

O By setting the A-D conversion start flag to “1,” the A-D converter starts operating.

O The A-D conversion is completed when one of the following conditions is satisfied, and then the
contents of the successive approximation register (in other words, the conversion result) is transferred
to the A-D register i.
*49 cycles of @aD have passed when resolution = 8 bits
*59 cycles of gaD have passed when resolution = 10 bits

0 When a UART2 trans./rece. interrupt is not used, the A-D conversion interrupt request bit is set to
“1” simultaneously with .

O The A-D conversion start flag is cleared to “0,” and then the A-D converter stops operating.

(2) When external trigger is selected

O If pin ADTrG’s level goes from “H” to “L” when the A-D conversion start flag = “1,” the A-D converter
starts operating.

O The A-D conversion is completed when one of the following conditions is satisfied, and then the
contents of the successive approximation register (in other words, the conversion result) is transferred
to the A-D register i.

*49 cycles of @aD have passed when resolution = 8 bits
*59 cycles of @AD have passed when resolution = 10 bits

O When a UART2 trans./rece. interrupt is not used, the A-D conversion interrupt request bit is set to
“1” simultaneously with O.

0 The A-D converter stops operating.

The A-D conversion start flag remains set to “1” after the A-D converter stops operating. Accordingly, when
pin ADTRG's level goes from “H” to “L”, the A-D converter restarts conversion from . Note that when pin
ADTRG's level goes from “H” to “L” during A-D conversion, the converter quits the conversion which is
performed at that time and restarts it from [1.

Grigger is generated)

Conversion result

Enput voltage of ANi pin is converted]ﬁ A-D register i

A-D conversion interrupt request occurs.

@-D converter is stopped)

Fig. 9.5.2 Conversion operation in one-shot mode
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9.6 Repeat mode

9.6 Repeat mode

*A-D operation mode selection bits (bits 4 and 3 at address 1E16) = “012”

In this mode, A-D conversion is repeatedly performed for the input voltage of one analog input pin.

No A-D conversion interrupt request occurs in this mode. The A-D conversion start flag (bit 6 at address
1E16) remains set to “1” until it is cleared to “0” by software. While the A-D conversion start flag = “1,” the
A-D converter repeats A-D conversion without a stop.

9.6.1 Setting for repeat mode
Figure 9.6.1 shows an initial setting example for registers related to the repeat mode.
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9.6 Repeat mode

~

Setting of the A-D control registers 0, 1

b7 b0 b7 b0
| | 0 | | O| 1| | | | A-D control register 0 (address 1E16) 0 E. EE A-D control register 1 (address 1F16)
|—‘—'— Analog input selection bits 8/10-bit mode selection bit
b2b1b0 . 0: 8-bit resolution
00 0: ANo is selected. 1: 10-bit resolution
00 1: ANz is selected. . . .
01 0: AN2 is selected. L————————————— VRerconnection selection bit
01 1: AN3 is selected. 0: Pin VREF is connected.

10 0: AN4 is selected.
10 1: ANs is selected.
11 0: ANe is selected.
11 1: AN7 is selected.

Selection of the repeat mode

Trigger selection bit
0: Internal trigger
1: External trigger

A-D conversion start flag
0: A-D conversion is stopped.

. . []: It may be “0” or “1.”
A-D conversion frequency ( ¢ ap) selection flag f2: Refer to chapter * 14. CLOCK GENERATING
0: f2/4 CIRCUIT.”

\ 1: f2/2 j

g N

Setting of the port P7 direction register
b7 b0

| | | | | | | | |Port P7 direction register (address 1116)

ANo
AN1

Set bits corresponding to selected
ANz analog input pins to “0.”

AN3  When an external trigger is selected,
ANz set bit 7 to “0.”

ANs

ANs

\ AN7 j

Setting of the A-D conversion start flag to “1”
b7 b0
| | 1 | | | | | | | A-D control register 0 (address 1E16)

A-D conversion start flag

When external trigger is selected

\ 4
Falling edges input to Pin
ADtre

When internal trigger is selected

<€

1...................)

Note: Writing to each bit (except bit 6) of the A-D control register 0
and each bit of the A-D control register 1 must be performed
while A-D converter stops operating, in other words, before
a trigger is generated.

When the Vrer connection selection bit is cleared from “1” to “0,”

wait for an interval of 1 ps or more passed, and then . .
generate a trigger. Trigger is generated.

A-D conversion is started.

Fig. 9.6.1 Initial setting example for registers related to repeat mode
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9.6 Repeat mode

9.6.2 Operation in repeat mode
Figure 9.6.2 shows the conversion operation in the repeat mode.

(1) When internal trigger is selected

O When the A-D conversion start flag is set to “1,” the A-D converter starts operating.

O The first A-D conversion is completed when one of the following conditions is satisfied, and then
the contents of the successive approximation register (in other words, the conversion result) is
transferred to the A-D register i.

*49 cycles of @AD have passed when resolution = 8 bits
*59 cycles of @aD have passed when resolution = 10 bits

O The A-D converter continues operating until the A-D conversion start flag is cleared to “0” by
software. Each time A-D conversion is completed, the conversion result is transferred to the A-D
register i.

(2) When external trigger is selected

O If pin ADTRG's level goes from “H” to “L” when the A-D conversion start flag = “1,” the A-D converter
starts operating.

O The first A-D conversion is completed when one of the following conditions is satisfied, and then
the contents of the successive approximation register (in other words, the conversion result) is
transferred to the A-D register i.

*49 cycles of @AD have passed when resolution = 8 bits
*59 cycles of @aD have passed when resolution = 10 bits

0 The A-D converter continues operating until the A-D conversion start flag is cleared to “0” by
software. Each time A-D conversion is completed, the conversion result is transferred to the A-D
register i.

Note that when pin ADTrG's level goes from “H” to “L” during A-D conversion, the A-D converter quits the
conversion which is performed at that time and restarts it from 0.

Cl'rigger is generated)

>

Conversion result
Enput voltage of ANi pin is convertedH A-D register i

Fig. 9.6.2 Conversion operation in repeat mode
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9.7 Single sweep mode

9.7 Single sweep mode
*A-D operation mode selection bits (bits 4 and 3) = “102”

In this mode, A-D conversion is performed for the input voltage of multiple analog input pins, one at a time.
A-D conversion is performed in order of ANo, AN1, AN2, .... An A-D conversion interrupt request occurs when
A-D conversions are completed for all analog input pins selected.

9.7.1 Setting for single sweep mode
Figure 9.7.1 shows an initial setting example for registers related to the single sweep mode.

When using interrupts, settings for enabling interrupts are required. For details, refer to chapter “4.
INTERRUPTS.”
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9.7 Single sweep mode

/Setting of the A-D control registers 0, 1 \
b7 b0 b7 b0
| | 0 | | 1 | 0 | O | 0 |D | A-D control register 0 (address 1E 16) - 0 | 0 | . | |A—D control register 1 (address 1F 16)
Selection of the single sweep mode bAl-tIJDO sweep pin selection bits
Trigger selection bit D@ AN a2 (@ i)
i i 0 1: ANo to AN3 (4 pins)
0: Internal trigger . .
1: External trigger 1 0: ANo to ANs (6 pins)
: 1 1: ANo to AN7 (8 pins)
A-D conversion start flag ) . .
0: A-D conversion is stopped. —— 8/10-bit mode selection bit
0: 8-bit resolution
A-D conversion frequency ( ¢AD) selection flag 1: 10-bit resolution
0: f2/4
1:f2/2 - VREF connection selection bit
0: Pin VREF is connected.
O : It may be “0” or “1.”
\ f2: Refer to chapter “14. CLOCK GENERATING CIRCUIT.” j
Setting of the interrupt priority level
b7 b0
_IEA—D/UARTZ trans./rece. interrupt control register (address 70 16)
Interrupt priority level selection bits
When using interrupts, one of levels 1 to 7 must be set.
When disabling interrupts, level 0 must be set.
/Setting of the port P7 direction register \
b7 b0
| | | | | | | | | Port P7 direction register (address 11 16)
L ANo . .
Set bits corresponding to selected
AN1 . p wy
analog input pins to “0.
AN2 When an external trigger is selected,
AN3 set bit 7 to “0.”
AN4
AN5
ANe6
\ AN7 j
: oREERERERERERERERRERERERERAQ When external trigger is selected
Setting of the A-D conversion start flag to “1” H E--""--""---"--:
b7 bo H H \ 4
| | 1 | | | | | | | A-D control register 0 (address 1E16) | = When internal triggeris = ) ) ]
= selected = Falling edges input to Pin
A-D ion start f : : ADrre
-D conversion start flag - Y
E E E (R RRLL]
-lllllIIlllllllllllllllllllllll: :
Note: Writing to each bit (except bit 6) of the A-D control register 0 and each bit of the A-D
control register 1 must be performed while A-D converter stops operating, in
other words, before a trigger is generated. i i
When the VRer connection selection bit is cleared from “1” to “0,” wait for an Tr|gge|" IS generated_
interval of 1 us or more passed, and then generate a trigger.
A-D conversion is started.

Fig. 9.7.1 Initial setting example for registers related to single sweep mode
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9.7 Single sweep mode

9.7.2 Operation in single sweep mode
Figure 9.7.2 shows the conversion operation in the single sweep mode.

(1) When internal trigger is selected

O When the A-D conversion start flag is set to “1,” the A-D converter starts A-D conversion for an input
voltage of pin ANo.

O The A-D conversion for pin ANo is completed when one of the following conditions is satisfied, and
then the contents of the successive approximation register (in other words, the conversion result)
is transferred to the A-D register O.

*49 cycles of ¢aD have passed when resolution = 8 bits
<59 cycles of gaD have passed when resolution = 10 bits

O A-D conversion is performed for all analog input pins selected. Each time A-D conversion is completed
for a pin, the conversion result is transferred to the A-D register i which corresponds to the pin.

0 When a UART2 trans./rece. interrupt is not used, the A-D conversion interrupt request bit is set to
“1” at completion of 0.

0 The A-D conversion start flag is cleared to “0,” and the A-D converter stops operating.

(2) When external trigger is selected

O If pin ADTRG’s level goes from “H” to “L” when the A-D conversion start flag = “1,” the A-D converter
starts A-D conversion for the input voltage of pin ANo.

O The A-D conversion for pin ANo is completed when one of the following conditions is satisfied, and
then the contents of the successive approximation register (in other words, the conversion result)
is transferred to the A-D register O.

*49 cycles of ¢aD have passed when resolution = 8 bits
<59 cycles of gaD have passed when resolution = 10 bits

O A-D conversion is performed for all analog input pins selected. Each time A-D conversion is completed
for a pin, the conversion result is transferred to the A-D register i which corresponds to the pin.

0 When a UART2 trans./rece. interrupt is not used, the A-D conversion interrupt request bit is set to
“1” at completion of 0.

0 The A-D converter stops operating.

The A-D conversion start flag remains set to “1” after this. Accordingly, when pin ADTRG's level goes from
“H” to “L,” the A-D converter restarts conversion from 0. Note that if pin ADTrG's level goes from “H” to
“L” during A-D conversion, the A-D converter quits the conversion which is performed at that time and
restarts it from [O.
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9.7 Single sweep mode

Grigger is generated)

i Conversion result

@put voltage of pin ANo is converted)ﬁ A-D register 0

l Conversion result

@lput voltage of pin AN 1 is converted. ﬁ A-D register 1

Y

Conversion result

anut voltage of pin ANi is converted. A-D regqister i

A-D conversion interrupt request occurs.

\f\

@-D converter is stopped)

Fig. 9.7.2 Conversion operation in single sweep mode
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9.8 Repeat sweep mode

9.8 Repeat sweep mode
*A-D operation mode selection bits (bits 4 and 3 at address 1E16) = “112”

In this mode, A-D conversion is repeatedly performed for the input voltage of multiple analog input pins.
A-D conversion is performed in order of ANo, AN1, AN2, ....

No A-D conversion interrupt request occurs in this mode.

The A-D conversion start flag (bit 6 at address 1E16) remains set to “1” until it is cleared to “0” by software.
While the A-D conversion start flag is “1,” the A-D converter repeats A-D conversion without a stop.

9.8.1 Setting for repeat sweep mode
Figure 9.8.1 shows an initial setting example for registers related to the repeat sweep mode.
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9.8

D CONVERTER

Repeat sweep mode

e

Setting of the A-D control registers 0, 1
b7 b0
| | 0 | | 1 | 1 | 0 | O | ] | A-D control register 0 (address 1E 16)

Selection of the repeat sweep mode

—————— Trigger selection bit
0: Internal trigger
1: External trigger

A-D conversion start flag
0: A-D conversion is stopped.

A-D conversion frequency ( ¢ Ap) selection flag
0: f2/4
1: f2/2

O : It may be “0” or “1.”
f2: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

~

b0
. | | A-D control register 1 (address 1F 16)

b7
T o] o]

A-D sweep pin selection bits
b1b0
0 0: ANoand AN1 (2 pins)

0 1: ANoto AN3 (4 pins)
1 0: ANoto ANs (6 pins)
1 1: ANoto AN7 (8 pins)

8-10 bit mode selection bit
0: 8-bit resolution
1: 10-bit resolution

—— VREF connection selection bit
0: Pin VREF is connected.

-

Setting of the port P7 direction register

b0

L ANo

L AN1
L AN2
L ANs
L ANs4
L ANs
ANs
AN7

| | | | | Port P7 direction register (address 11 16)

Set bits corresponding to selected
analog input pins to “0.”

When an external trigger is selected,
set bit 7 to “0.”

)

Setting of the A-D conversion start flag to “1”

b7

HEEEEEE

b0

| A-D control register 0 (address 1E 16)

A-D conversion start flag

When external trigger is selected
LA RN RN RRNRRNRRNNRYY)

\ 4

Falling edges input to pin
ADr1re

LY

When internal trigger is selected

Note: Writing to each bit (except bit 6) of the A-D control register 0 and
each bit of the A-D control register 1 must be performed while
A-D converter stops operating, in other words, before a trigger
is generated.
When the VREer connection selection bit is cleared from “1” to “0,”
wait for an period of 1 ps or more passed, and then generate
a trigger.

Trigger is generated.

A-D conversion is started.

Fig.

9.8.1 Initial setting example for registers related to

repeat sweep mode
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9.8 Repeat sweep mode

9.8.2 Operation in repeat sweep mode
Figure 9.8.2 shows the conversion operation in the repeat sweep mode.

(1) When internal trigger is selected

O When the A-D conversion start flag is set to “1,” the A-D converter starts A-D conversion for an input
voltage of pin ANo.

O The A-D conversion for pin ANo is completed when one of the following conditions is satisfied, and
then the contents of the successive approximation register (in other words, the conversion result)
is transferred to the A-D register O.

*49 cycles of @aD have passed when resolution = 8 bits
*59 cycles of @aD have passed when resolution = 10 bits

O A-D conversion is performed for all analog input pins selected. Each time A-D conversion is completed
for a pin, the conversion result is transferred to the A-D register i which corresponds to the pin.

O A-D conversion is repeatedly performed for all analog input pins selected.

O The A-D converter continues operating until the A-D conversion start flag is cleared to “0” by
software.

(2) When external trigger is selected

O If pin ADTRG's level goes from “H” to “L” when the A-D conversion start flag = “1,” the A-D converter
starts A-D conversion for the input voltage of pin ANo.

O The A-D conversion for pin ANo is completed when one of the following conditions is satisfied, and
then the contents of the successive approximation register (in other words, the conversion result)
is transferred to the A-D register 0.

*49 cycles of @aD have passed when resolution = 8 bits
*59 cycles of @AD have passed when resolution = 10 bits

O A-D conversion is performed for all analog input pins selected. Each time A-D conversion is completed
for a pin, the conversion result is transferred to the A-D register i which corresponds to the pin.

O A-D conversion is repeatedly performed for all analog input pins selected.

O The A-D converter continues operating until the A-D conversion start flag is cleared to “0” by
software.

Note that when pin ADTrRG's level goes from “H” to “L” during A-D conversion, the A-D converter quits the
conversion which is performed at that time and restarts it from 0.
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9.8 Repeat sweep mode

( Trigger is generated. )

>

Conversion result

@put voltage of pin ANo is converted.

Y Conversion result

Input voltage of pin AN 1 is converteca

Y

Y ]Conversion result

anut voltage of pin ANi is converted.

A-D register 0

A-D register 1

A-D register i

Fig. 9.8.2 Conversion operation in repeat sweep mode
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9.9 Precautions for A-D converter

9.9 Precautions for A-D converter

1. Writing to each bit (except bit 6) of the A-D control register 0 and each bit of the A-D control register 1
must be performed while the A-D converter stops operating, in other words, before a trigger is generated.

When the VREF connection selection bit is cleared from “1” to “0,” in other words, when pin VREF is
disconnected from the resistor ladder network, wait for an period of 1 us or more, and then generate a
trigger.

2. When an external trigger is selected, pin AN5 cannot be used as an analog input pin because this pin
is disconnected from the comparator. If pin AN5 is selected as an analog input pin when an external

trigger is selected, the A-D converter operates, but an undefined value is stored into the A-D register 5.

3. When using the A-D converter, refer to section “Appendix 8. Countermeasures against noise,” also.
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9.9 Precautions for A-D converter

MEMO
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WATCHDOG TIMER

10.1 Block description

The watchdog timer is described below and functions as follows:
« Detects a program runaway.

* Measures a certain time from when oscillation starts at termination of the stop mode.
(Refer to chapter “11. STOP AND WAIT MODES.” )

10.1 Block description

Figure 10.1.1 shows the block diagram of the watchdog timer.

Note 1 i
f8 —o (Note 1) Watchdog timer frequency
o—o selection fla
f32 5 9
f512 ——0 (Note 3)
)—| Watchdog timer |—<-—>Watchdog timer
- i interrupt request
Hold request O
Value
FFF16
Writing to the watchdog timer s set.

register (address 6016)

2Vcce
RESET O detection
circuit

STP instruction S Q—

r R
q (Note 2)

Clocks f8, f32, 512 :Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

Notes 1: Only when the system clock selection bit (bit 3 at address 6C16) = “1” and the stop mode is

terminated by an interrupt request generated, the watchdog timer is connected to clock f8.

2: Clock f16 is input when one of the following conditions is satisfied,;
* The port-Xc selection bit = “0” and the main clock external input selection bit = “1”
» The system clock selection bit = “0” and the main clock external input selection bit = “1”
« The port-Xc selection bit = “1,” the system clock selection bit = “1” and the sub clock external input

selection bit = “1”

3: When the STP instruction is executed, the watchdog timer is connected as follows;
*Connected to clock f32 when the system clock selection bit = “0”
*Connected to clock f8 when the system clock selection bit = “1”

Fig. 10.1.1 Block diagram of watchdog timer
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10.1 Block description

10.1.1 Watchdog timer

The watchdog timer is a 12-bit counter that down-counts a count source which is selected by the watchdog
timer frequency selection flag (bit 0 at address 6116). Value “FFF16” is automatically set in the watchdog
timer in the following cases. Note that an arbitrary value cannot be set in the watchdog timer.

e When dummy data is written to the watchdog timer register (Refer to Figure 10.1.2.)

e When the most significant bit of the watchdog timer becomes “0”

e When the STP instruction is executed (Refer to chapter “11. STOP AND WAIT MODES.” )
e At reset

b7 b0

Watchdog timer register (address 6016)

Bit Functions Atreset| RW
---------------- 7 to 0 | Watchdog timer is initialized. Un- | WO
By writing dummy data to this register, watchdog timer's value is defined

initialized to “FFF16” (Dummy data: 0016 to FF1s).

Fig. 10.1.2 Structure of watchdog timer register
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10.1 Block description

10.1.2 Watchdog timer frequency selection flag
This is used to select a watchdog timer’'s count source. Figure 10.1.3 shows the structure of the watchdog
timer frequency selection flag.

b7 b6 b5 b4 b3 b2 bl b0
Watchdog timer frequency selection flag (address 6116)

A Bit Bit name Functions Atreset| RW

. i i i E i i Lemy 0 Watchdog timer frequency 0 : Clock fs12 0 RW

A selection flag 1: Clock f32

O ELLETLETT-EPEEEE SRR EERES 7to1| Notimplemented. Un- —
defined

Clocks f32, fs12: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

Fig. 10.1.3 Structure of watchdog timer frequency selection flag
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10.2 Operation description

10.2 Operation description

The watchdog timer’s operation is described below.
For its operation in the stop and wait modes, refer to chapter “11. STOP AND WAIT MODES.”

10.2.1 Basic operation

OThe watchdog timer starts counting down from “FFF16.”

OWhen the watchdog timer’s most significant bit becomes “0,” in other words, when the countdown has
been performed 2048 times, a watchdog timer interrupt request occurs. (Refer to Table 10.2.1.)

OWhen the interrupt request occurs (), value “FFF16” is set to the watchdog timer.

The watchdog timer interrupt is a non-maskable interrupt. When a watchdog timer interrupt request is

accepted, the processor interrupt priority level (IPL) is set to “1112.”

Table 10.2.1 Occurrence interval of watchdog timer interrupt request
Occurrence interval of watchdog timer interrupt request

Watchdog timer’s

count source

When system clock =
25 MHz (Note 1)

When system clock =
12 MHz (Note 1)

When system clock =
32 kHz (Note 2)

fs12

41.9 ms

87.4 ms

32768 ms

f32

2.62 ms

5.46 ms

2048 ms

Clocks f32, fs12, and system clock: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”
Notes 1: This is applied when the system clock selection bit (bit 3 at address 6C16; Refer to Figure 10.2.1.)
= “0” and the main clock division selection bit (bit O at address 6F16; Refer to Figure 10.2.2.) = “0.”
2: This is applied when the port-Xc selection bit (bit 4 at address 6C16; Refer to Figure 10.2.1.) =
“1" and the system clock selection bit = “1.”

Make sure that dummy data must be written to address 6016 (Watchdog timer register) by software before
the most significant bit of the watchdog timer becomes “0.”

If writing to address 6016 is not performed because of a program runaway and the most significant bit of
the watchdog timer becomes “0,” a watchdog timer interrupt request occurs. This means that a program
runaway has occurred.

When resetting the microcomputer after detecting a program runaway, write “1” to the software reset bit
(bit 3 at address 5E16) in the watchdog timer interrupt routine. (Make sure that writing “1” to the software
reset bit must be performed on the condition that the main clock is stably supplied.) (For details, refer to
chapter “13. RESET” and section “17.3 Watchdog timer.” )
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10.2 Operation description

10.2.2 Operation in stop mode
In the stop mode, the watchdog timer stops operating. Immediately after the stop mode is terminated, the
watchdog timer operates as follows.

(1) When stop mode is terminated by a hardware reset

Supply of internal clock ¢ starts immediately after the stop mode is terminated, and the microcomputer
performs the “operation after reset.” (Refer to chapter “13. RESET.” ) The watchdog timer frequency
selection flag becomes “0,” and the watchdog timer starts counting of the main clock™ divided by 512
from “FFFi1e6.”

Main clock™: Refer to chapter “14. CLOCK GENERATING CIRCUIT.”

(2) When stop mode is terminated by an interrupt request generated

According to bit state listed in Table 10.2.2, the watchdog timer operates as “a” or “b” described below.

a. Supply of internal clock @ starts immediately after the stop mode is terminated, and the routine of

the interrupt which is used to terminate the stop mode is executed. From “FFF16,” the watchdog
timer restarts counting of a count source which was counted just before the STP instruction is
executed (Note 1).

. Immediately after the stop mode is terminated, the watchdog timer starts counting of a count source

(Note 2) from “FFF16.” Supply of internal clock ¢ starts when the watchdog timer’s most significant
bit becomes “0.” (At this time, a watchdog timer interrupt request is not generated.)

When supply of internal clock ¢ starts, the microcomputer executes the routine of the interrupt
which is used to terminate the stop mode. From “FFF1s6,” the watchdog timer restarts counting of
a count source which was counted just before the STP instruction is executed (Note 1).

Notes 1: Clock f32 or fs12 is counted.
2: When the system clock selection bit = “0,” clock f32 is counted. When the system clock
selection bit = “1” and the port-Xc selection bit = “0,” clock fg is counted.
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10.2 Operation description

Table 10.2.2 Watchdog timer’s operation and bit state related to oscillation circuit control

Bit state related to oscillation circuit control
Port-Xc selection bit | System clock Main clock external|Sub clock externallWatchdog
selection bit input selection bit input selection bit timer’s operation
(Bit 4 at address 6C1s6) | (Bit 3 at address 6C16) | (Bit 1 at address 6F16) | (Bit 2 at address 6F16)
0
0 b
1
0
0
1 1 a
0
0
0 b
1
1
0
1 a
1
0
0 b
1
0
0
1 a
1
1
0 b
0
1 a
1
0 b
1
1 a

Note: For each bit's function, refer to Figures 10.2.1 and 10.2.2 . For the procedure of writing to the main
clock external input selection bit and the sub clock external input selection bit, refer to Figure 10.2.3.

10.2.3 Operation in wait mode

When the system clock stop bit at wait state (bit 5 at address 6C16 ; Refer to Figure 10.2.1.) = “1,” the
watchdog timer stops operating in the wait mode. Furthermore, after the wait mode is terminated, the
watchdog timer restarts counting from the same state as that before the watchdog timer stops.

When the system clock stop bit at wait state = “0,” the watchdog timer does not stop.
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10.2 Operation description

10.2.4 Operation in hold state
The watchdog timer stops operating in the hold state. (Refer to section “12.4 Hold function.”
hold state is terminated, the watchdog timer restarts counting from the same state as that before the
watchdog timer stops.

) When the

b7 b6 b5 b4

b3 b2 bl b0

Oscillation circuit control register 0 (address 6C16)

Bit Bit name Functions At reset| RW
- - 0: Drivability “LOW” 1 RW
0 Xcourt drivability selection bit 1- Drivability “HIGH" (Note l)
1 | Notimplemented. U_n— _
defined
2 Main clock stop bit 0: Main clock oscillation or external clock 0 RW
input is available. (Note 1)
1: Main clock oscillation or external clock
input is stopped.
3 System clock selection bit When the port-Xc selection bit = “0,” 0 RW
0: Main clock (Note 2)
1: Main clock divided by 8
When the port-Xc selection bit = “1,”
0: Main clock
1: Sub clock
4 Port-Xc selection bit 0: Operate as /O ports (P77, P7s). 0 NRW2
1: Operate as pins Xcin and Xcour. (Notes
and 3)
5 System clock stop bit at wait state 0: Operates in the wait mode. 0 RW
1: Stopped in the wait mode.
6 | Signal output disable selection bit 0: Output is enabled.  (Refer to Tables 0 RW
1: Output is disabled. 12.1.2and 12.1.5)
7 | Notimplemented. Un- _
defined
Notes 1: Nothing can be written to this bit after reset. Writing to this bit is enabled when the port-Xc

selection bit = “1.”

2: When selecting the sub clock as the system clock, set bit 3 to “1” after setting bit 4 to “1.”
If the above settings are performed simultaneously, in other words, performed by

executing only one instruction, only bit 3 is set to “1.”

3: Although this bit can be set to “1,” it cannot be cleared to “0” after this bit is once set to “1.”
4: [ represents that bits 0 to 2 and bit 7 are not used for the watchdog timer.

Fig. 10.2.1 Structure of oscillation circuit control registe

ro
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WATCHDOG TIMER

10.2 Operation description

b7 b6 b5 b4 b3 b2 bl bO
0 Oscillation circuit control register 1 (address 6F16)
1 1 1 : : : : :
1 1 1 1 1 L) 1 1
Lo E b E ' Bit Bit name Functions Atreset| RW
1 1 1 1 1 L) 1 1
i+ 1 4 1 a4 t---f | Mainclock division selection bit 0: Main clock is divided by 2. 0 RW
N (Note 1) |1: Main clock is not divided by 2.
T 1 | Main clock external input selection bit( 0: Main-clock oscillation circuit is operating by 0 RW
e (Note 1)| itself. Watchdog timer is used when terminating
- stop mode.
! ' ' ! ' ! 1: Main clock is input from the external.
oo oo Watchdog timer is not used when
oo N terminating stop mode.
1 1 1 1 1 L}
1 1 1 ] 1 1 . o Lo .
[ T R T T 2 ; ion bit | O: Sub-clock oscillation circuit is operating by
A Sub clock external input selection bit itself. Pin P76 functions as pin Xcour. 0 RW
. (Note 1) | watchdog timer is used when terminating
T stop mode.
HE 1: Sub clock is input from the external.
- - Pin P76 functions as a programmable
oo e 110 port. Watchdog timer is not used when
' 1 1 ' 1 terminating stop mode.
R R
1 1 1 1 ]
R R
. 3 |lgnored in the mask ROM and external ROM versions. 0 RW
' : , ! (V1 T=1<) | ittt il et
! ! ! ! Must be fixed to “1" in the one time PROM and EPROM versions (Notes 1 and 2). 1
1 1 1 1
e C T 4 | Must be fixed to “0” (Note 2). 0 RW
o
1 1 1
Vo Rmmmmmmmmmmmemeeoes 5 | Notimplemented. Undefined| —
v
el 6 | Notimplemented. Undefined —
1
b e e e —mmmmm———aa 7 | Clock prescaler reset bit By writing “1” to this bit, clock prescaler is 0 WO
initialized.

is not included.

3: In the 7735 Group, fix this bit to “0.”
4: E] represents that bits 3 to 7 are not used for the watchdog timer.

Notes 1: When writing to this register, follow the procedure shown in Figure 10.2.3.
2: The case where data “010101012" is written with the procedure shown in Figure 10.2.3

Fig. 10.2.2 Structure of oscillation circuit control register 1

* When writing to bits 0 to 3

Write data “010101012.” (LDM instruction)

{

Next instruction

Write data “00001XXX2.” (LDM instruction)

Vi A

(b3 in Figure 10.2.2)

Al

(b2 to b0 in Figure 10.2.2)

Fig. 10.2.3 Procedure for writing data to oscillation circuit control register 1

7733 Group User's Manual
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WATCHDOG TIMER

10.3 Precautions for watchdog timer

10.3 Precautions for watchdog timer

1. If dummy data is written to address 6016 when the data length flag (m) is “0,” writing to address 6116 is
simultaneously performed. Accordingly, when a change of the watchdog timer frequency selection flag’s
value (bit O at address 6116) is not required, write the same value that is set.

2. In order to stop the watchdog timer in the hold state, the count source which is actually counted by the
watchdog timer is the logical product of two signals. One is the inverted signal input from pin HOLD, and
the other is a count source which is selected by the watchdog timer frequency selection flag (clock f32
or f512). (Refer to Figure 10.1.1.) Accordingly, there is a possibility that counting is performed when pin
HOLD's input signal level changes during a duration which is shorter than 1 cycle of the selected count
source (clock f32 or f512).

Clock f32 or fs12
HOLD pin input signal 3 | rl
Count source actually | | ‘ |—| I—I_I—I—
counted by watchdog timer
Pin HOLD’s input signal level changes

during a duration which is shorter than
1 cycle of clock f32 or fs12.

Fig. 10.3.1 Watchdog timer’s count source

3. When the main clock is not stably supplied, do not use the software reset (that is, writing “1” to the
software reset bit) as a means to reset the microcomputer at a program runaway.

4. When the STP instruction (Refer to chapter “11. STOP AND WAIT MODES" ) is executed, the watchdog
timer stops operating. For the system where the watchdog timer is used to detect a program runaway,
select “STP instruction disabled” with “STP instruction option” on “MASK ROM ORDER CONFIRMATION
FORM.”
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STOP AND WAIT MODES

11.1 Overview

The stop and wait modes are described below.
When there is no need for operation of the central processing unit (CPU), the stop and wait modes are used
to stop oscillation or internal clock @. The microcomputer enters the stop mode when the STP instruction
is executed; the microcomputer enters the wait mode when the WIT instruction is executed.

11.1 Overview

Table 11.1.1 lists the differences between the stop and wait modes.
The stop state of oscillation or internal clock ¢ can be terminated by an interrupt request occurrence or
hardware reset.

Table 11.1.1 Differences between stop and wait modes

State/Operation

ltem -
Stop mode Wait mode
State in  |Oscillation Operating (Note 1)
each
Internal clock Stopped
mode e Stopped Ppe
Clock timer™ Operating
Clocks f2 to f512, clock ¢u™ Stopped Operating
Operation |When terminated by | Supply of internal | Supply of Supply of internal clock ¢
after each |interrupt request clock ¢ starts internal clock ¢ | starts immediately after
mode is |occurrence after measuring | starts after f2 x | termination of the wait mode.
terminated a certain time by | 7 cycles.
watchdog timer.
When terminated by Operation after hardware reset
hardware reset
Features | Current consumption Less than that in the wait mode | Less than that | Less than that

when clocks when CPU
f2 to fs12 operates
operate
Internal peripheral Functions using the external clock are enabled. Operating
devices Functions using clocks f2 to f512 are disabled. enabled

Interval from
termination of each
mode until execution
of instruction

Long Short

Condition

From the exter-
nal, a clock

must stably be
input to a clock
input pin (Note
2).

Clock timer™ : Refer to section “7.6 Clock timer.”
Clocks f2 to fs12, clock ¢1"2: Refer to Figure 11.2.1.

Note 1: When the main clock external input selection bit = “1,” the main-clock oscillation circuit stops
operating; when the sub clock external input selection bit = “1,” the sub-clock oscillation circuit
stops operating. (Note that, in this case, an external clock can be input.)

2: When the main clock is the system clock, pin XIN is used; when the sub clock is the system
clock, pin XcIN is used.

11-2
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STOP AND WAIT MODES

11.2 Clock generating circuit

11.2 Clock generating circuit

Figure 11.2.1 shows the block diagram of the clock generating circuit (with the STP and WIT instructions).
Figures 11.2.2 and 11.2.3 show the structures of the oscillation circuit control register 0 and oscillation
circuit control register 1, respectively.

Figure 11.2.4 shows the procedure for writing data to the oscillation circuit control register 1.

(Oscillation circuit control register 0: address 6C 16)
CMz2: Main clock stop bit

CMs: System clock selection bit

CMa: Port-Xc selection bit

CMs: System clock stop bit at wait state

P76/AN6/XcouT P77/AN7/XCIN P67/TB2IN/ ¢ sus (Oscillation circuit control register 1: address 6F 16)
CCo: Main clock division selection bit
CCu1: Main clock external input selection bit
1 1 CCz2: Sub clock external input selection bit
———————=0 (Port function control register: address 6D 16)
CM4 CM4 PC1: Sub-clock output selection bit/Timer B2 clock source selection bit
(Port latch) PC1
CMa 2 [ T 0 PC1 o1
CC2 CMa 0
1 Timer B2 Q
(Clock timer)
/‘—.—1 1/32 0 (Event counter mode)
O \ 1

/ 0 (Clock fca2
prescaler)
Sub clock
—‘ 1 f2
Xout XIN L L
S 1/4
1/2 O
1/8 0
0 0
‘A System clock
157 \ CMa cco Internal
T Main clock CM3 clock ¢ ‘
v 7 12-bit
CM2 ¢ WDC watchdog
< Q: T ;
CMs3 e \ timer
y CC1 Watchdog timer frequency
Ms on ,, selection flag
1
Q s s o Ho s m
R~ STP instruction WIT instruction 7| R R[~ STP instruction ccr
CMs
CMa

CMi: Bit i at address 6C 16 (Refer to Figure 11.2.2.)
CCi: Biti at address 6F 16 (Refer to Figure 11.2.3.)

Switch represented by is controlled by a signal represented by “ <— ".

O— Interrupt disable flag

CC2
Interrupt request

Fig. 11.2.1 Block diagram of clock generating circuit (with STP and WIT instructions)
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STOP AND WAIT MODES

11.2 Clock generating circuit

2:

selection bit = “1.”

b6 b5 b4 b3 b2 bl b0

Oscillation circuit control register O (address 6C 16)
R Bit Bit name Functions Atreset| RW
E E E E E E CRPR 0 | Xcour drivability selection bit 0: Drivability “LOW” 1 RW
! 1 ! 1 1 ! 1: Drivability “HIGH” (Note 1)
s 1 | Notimplemented. Un- _
R defined
E E : E bomemmmeeee- 2 Main clock stop bit 0: Main clock oscillation or external clock 0 RW
' ' : ' input is available. (NOte 1)
R 1: Main clock oscillation or external clock
- input is stopped.
E E E e 3 | system clock selection bit When the port-Xc selection bit = “0,” 0 RW
oo 0: Main clock (Note 2)
Voo 1: Main clock divided by 8
- When the port-Xc selection bit = “1,”
o 0: Main clock
N i 1: Sub clock
E E R R Rl 4 Port-Xc selection bit 0: Operate as I/0 ports (P77, P7s). 0 NRtWZ
' ' 1: Operate as pins Xcin and Xcout. (Notes
HE and 3)
e  ELLEEELLEELLE 5 | System clock stop bit at wait state 0: Operates in the wait mode. 0 RW
E (Note 4) 1: Stopped in the wait mode.
e 6 | Signal output disable selection bit 0: Output ?S e.nabled. (Refer to Tables 0 RW

1: Output is disabled.  12.1.2 and 12.1.5)
---------------------------- 7 | Notimplemented. Un- _
defined
Notes 1: Nothing can be written to this bit after reset. Writing to this bit is enabled when the port-Xc

When selecting the sub clock as the system clock, set bit 3 to “1” after setting bit 4 to “1.”

If the above settings are performed simultaneously, in other words, performed by
executing only one instruction, only bit 3 is set to “1.”
: Although this bit can be set to “1,” it cannot be cleared to “0” after this bit is once set to “1.”

: When setting the system clock stop bit at wait state to “1,” perform it immediately

before the WIT instruction is executed. Furthermore, clear this bit to “0” immediately after

the wait mode is terminated.

Fig. 11.2.2 Structure of oscillation circuit control registe

ro
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STOP AND WAIT MODES

11.2 Clock generating circuit

b7 b6 b5 b4

b3 b2 bl b0
0 Oscillation circuit control register 1 (address 6F 16)

. . Bit Bit name Functions Atreset | RW

A S R R 0 |Main clock division selection bit 0: Main clock is divided by 2. 0 RW

: : b : (Note 1) | 1: Main clock is not divided by 2.

. - S 1 | Main clock external input selection bit |0: Main-clock oscillation circuit is operating by

oo X bt 0 RW

[ B (Note 1) | itself. Watchdog timer is used when

- terminating stop mode.

. 1: Main clock is input from the external.

R Watchdog timer is not used when

- terminating stop mode.

L Mool 2 | Sub clock external input selection bit |0 Sub-clock oscillation circuit is operating 0 RW

' ' ' (Note 1) by itself. Pin P76 functions as pin Xcout.

! ! ! Watchdog timer is used when terminating

N stop mode.

' ' ' 1: Sub clock is input from the external.

: ' : Pin P76 functions as a programmable

! ' ! 1/0 port. Watchdog timer is not used when

' ' ' terminating stop mode.

i i R 3 |lgnored in the mask ROM and external ROM versions. 0 RW

: H (Note 3) [ =""=""~ SoooTmme . . W N

! ' Must be fixed to “1” in the one time PROM and EPROM versions (Notes 1 and 2). 1

i EREEEEEEEEEEEEEEEEE 4 |Must be fixed to “0” (Note 2) 0 RW

R R LLECTEEREREEEEE 5 |Notimplemented. Undefined| —

----------------------- 6 Not implemented. Undefined _
______________________________ 7 | Clock prescaler reset bit By writing “1” to this bit, clock prescaler is 0 WO

initialized.

Notes 1: When writing to this register, follow the procedure shown in Figure 11.2.4.

2: The case where data “01010101 2" is written with the procedure shown in Figure 11.2.4

is not included.

3: In the 7735 Group, fix this bit to “0.”
4: Drepresents that bits 3 to 7 are not used for the stop and wait modes.

Fig. 11.2.3 Structure of oscillation circuit control register 1

« When writing to bits 0 to 3

Write data “010101012.” (LDM instruction)

f

Next instruction

Write data “00001XXX2.” (LDM instruction)
4 N

(b3 in Figure 11.2.3)

A

(b2 to b0 in Figure 11.2.3)

Fig. 11.2.4 Procedure for writing data to oscillation circuit control register 1

7733 Group User’'s Manual
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STOP AND WAIT MODES
11.3 Stop mode

11.3 Stop mode

When the STP instruction is executed, the main-clock and sub-clock oscillation circuits stop operating. This
state is called “stop mode.”

In the stop mode, even when oscillation stops, the contents of the internal RAM can be retained if there
is 2 V of Vcc (power source voltage) or more. Furthermore, because the CPU and all internal peripheral
devices which use clocks f2 to f512 stop operating, power consumption is lowered. Refer to section “17.4
Power saving” for lowering the power consumption.

Table 11.3.1 lists the microcomputer’s state/operation in the stop mode and after the stop mode is terminated.
Table 11.3.2 lists the pin state in the stop mode.

Table 11.3.1 Microcomputer’s state/operation in stop mode and after stop mode is terminated

State/Operation
Item Watchdog timer is used Watchdog timer is not used
when terminating the stop mode when terminating the stop mode

Oscillation
State in Internal clock @ Stopped
stop mode [ciocks 2 to fs12?, clock @12

_ Clock | f(XIN)/32 Stopped

S | timer® | f(XCIN)/32

é Timer A, Timer B Operating enabled only in the event counter mode

8 Serial 1/0 Operating enabled only when the external clock is selected

Eé A-D converter Stopped

Eé Watchdog timer Stopped

Pins Refer to Table 11.3.2

Operation | When terminated by Supply of internal clock ¢ starts| Supply of internal clock ¢
after stop | interrupt request after measuring a certain time starts after f2 x 7 cycles.
mode is occurrence by watchdog timer.
terminated . -

When terminated by Operation after hardware reset

hardware reset
Condition From the external, a clock

must stably be input to a
clock input pin™.

Clocks f2 to fs12, clock ¢1?: Refer to Figure 11.2.1.

Clock timer™ : Refer to section “7.6 Clock timer.”

Clock input pin*™: When the system clock is the main clock, pin XIN is used; when the system clock is the

sub clock, pin XCIN is used.

O In order to select whether to use the watchdog timer or not when terminating the stop mode, specify the main clock
external input selection bit (bit 1 at address 6F16; when the main clock is used) or the sub clock external input
selection bit (bit 2 at address 6F16; when the sub clock is used).

(Refer to Figure 11.2.3, sections “11.3.2 Stop mode terminating operation by interrupt request occur-
rence (when using watchdog timer)” and “11.3.3 Stop mode terminating operation by interrupt
request occurrence (when not using watchdog timer).”
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11.3 Stop mode

Table 11.3.2 Pin state in stop mode

Pins

State

Memory expansion
mode

Single-chip mode

Microprocessor mode

When the standby state
selection bit® = “0”

When the standby state
selection bit® = “1"

Same as in the micro-
processor mode

E m When the signal output
disable selection bit =
“0," “H" level is output

m When the signal output

disable selection bit =
‘1" “L" level is output.

R/W,

BHE,

HLDA

ALE

Ao0-A7,

As/Ds8—A15/D15,
A16/D0—A23/D7

“H” level is output.

m When the signal output
disable selection bit =
“0,” "H” level is output.

m When the signal output
disable selection bit =
“1," “L" level is output.

Output levels can be
set. (Refer to section
“11.3.1 Output levels

“L” level is output.

of external bus and

Retains the same
state in which the
STP instruction is
executed.

bus control signals
in stop mode.” )

P42/q

m When the clock @1 output selection
bit? = “1”
@ “L” level is output.

m When the clock ¢ output selection
bit = “0”
P42: Retains the same state in which
the STP instruction is executed.

m When the signal

output disable

selection bit™ = “0”
@ “L" level is output.

m When the signal

output disable

selection bit = “1”
P42: Bit 2's value of the port P4
register is output (Note).

Ports

PO to P8

(not including P42)

: Retains the same
state in which the
STP instruction is

executed.

P43 to P47, P5 to P8
:Retains the same state
in which the STP instruction is executed.

Standby state selection bit"™’: Bit 0 at address 6D16 (Refer to Figure 11.3.1.)
Clock ¢ output selection bit*2: Bit 7 at address 5E16

(Refer to section “12.1 Signals required for accessing external devices.” )
Signal output disable selection bit"3: Bit 6 at address 6C16
(Refer to section “12.1 Signals required for accessing external devices.” )

Note: Make sure to set bit 2 of the port P4 direction register to “1.”

11.3.1 Output levels of external bus and bus control signals in stop mode
In the memory expansion or microprocessor mode, the output levels of the external bus and bus control
signals in the stop mode can be set by software. By setting the standby state selection bit (bit O at address
6D16) to “1,” these output levels become levels set by software. Figure 11.3.1 shows an output level setting
example in the stop mode.
In the single-chip mode, do not set the standby state selection bit to “1.”

7733 Group User’'s Manual
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11.3 Stop mode

-

Setting of the output levels for the external bus and bus control signals (not including E)

~

b7 b0
| 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 |Port PO direction register (address 4 16)
N ) Port P1 direction register (address 5 16)
Port P2 direction register (address 8 16)
Port P3 direction register (address 9 16)

Must be fixed to “FF16.”

b7 bo

| | | | | | | | | Port PO register (address 2 16)
N _/ Port P1 register (address 316)
' Port P2 register (address 6 16)

Port P3 register (address 7 16)

Set output level by the bit which corresponds to each pin.
0: “L” level output

\ 1: “H” level output /

« When setting the signal output disable
selection bit to “1” in the microprocessor mode =

» When setting the clock ¢ 1output selection bit
to “0” in the memory expansion mode

b7 b0

| | | | | | 1 | | | Port P4 direction register (address C 16) + When setting the signal output disable selection
(Note 1) bit to “0” in the microprocessor mode

b7 bo * When setting the clock ¢ 10output selection bit to

| | | | | | | | |Port P4 register (address A 16) “1" in the memory expansion mode

\— 0: “L" level output

1: “H” level output

Note 1: This is applied only in the microprocessor mode.
In the memory expansion mode, it may be “0” or “1”
because the /O port function is selected.

-<IIIIIIIIIIIIIIIIIIIIIIIIIIllllllllllIIIIIIIIIIIIIIIIIIIII
Setting of the standby state selection bit to “1”
b7 bo
| | | | 0 | | | | 1 | Port function control register (address 6D 16)

Standby state selection bit (Note 2)

Note 2: This bit's value also affects the pin state in the wait mode.
(Refer to Figure 11.4.1.)

\

/ Setting of E signal’s output level (Setting of pin P4 2/ ¢ 1s state)

b7 bo
.F‘:l:l:l:.:‘ Oscillation circuit control register 0 (address 6C 16)
Signal output disable selection bit (Note 3) STP instruction is
0: In the stop mode, pin E outputs “H” level, and pin P4 2/ ¢1 outputs| executed

“L” level.
1: In the stop mode, pin E outputs “L" level, and pin P4 2/ ¢1outputs

bit 2's value of port P4 register. /
Note 3: This bit's value also affects the following:

« Output state of bus control signals and others after the stop mode is terminated (Refer to chapter
“12. CONNECTING EXTERNAL DEVICES” )

« Pin state in the wait mode. (Refer to Figure 11.4.1.)
Furthermore, description of pin P42/ ¢ 1 is applied only in the microprocessor mode.

Fig. 11.3.1 Output level setting example in stop mode (Memor y expansion or Microprocessor mode)

11-8 7733 Group User’'s Manual



STOP AND WAIT MODES
11.3 Stop mode

11.3.2 Stop mode terminating operation by interrupt request occurrence (when using watchdog timer)
When there is little possibility that a clock is stably supplied from an oscillation circuit (Note 1) in returning
from the stop mode, instruction execution can be started after a certain time (Note 2) measured by the
watchdog timer.
Notes 1: A clock is supplied in one of the following ways:

e An oscillation circuit operates by itself.

e An external clock is input.

2: "a certain time” means an interval from occurrence of an interrupt request until stabilization of

clock supply.

O When an interrupt request occurs, an oscillator starts oscillating. Simultaneously, supply of clocks f2 to
fs12 starts.

O By start of oscillation, the watchdog timer starts counting. The watchdog timer counts f32 when the
system clock selection bit (bit 3 at address 6C16; Refer to Figure 11.2.2.) = “0” or f8 when the system
clock selection bit = “1.”

O When the watchdog timer's MSB becomes “0,” supply of internal clock ¢ starts. At the same time, the
watchdog timer’s count source returns to a count source (clock f32 or f512) which is selected by the
watchdog timer frequency selection flag (bit O at address 6116).

O The interrupt request which occurs in 0 is accepted.

Table 11.3.3 lists interrupts which can be used for termination of the stop mode.

Table 11.3.3 Interrupts which can be used for termination of stop mode

Interrupt Conditions for each function which generates
interrupt request
Key input interrupt When the key input interrupt function is selected
INTi interrupt (i = 0 to 2) INT2 interrupt: When the key input interrupt function is invalid.
Timer Ai interrupt (i = 0 to 4) In the event counter mode

Timer Bi interrupt (i = 0 to 2)
UARTI transmission interrupt (i = 0, 1) | when the external clock is selected
UARTI reception interrupt (i = 0, 1)

UART2 transmission/reception interrupt

Note 1: Because an oscillator has stopped oscillating, each function is available only in the conditions listed
in Table 11.3.3. Note that the A-D converter and clock timer (Refer to section “7.6 Clock timer” )
do not operate, also.

2: Because an oscillator has stopped oscillating, interrupts not listed 