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Preface

Thank you for purchasing a Fujitsu semiconductor product.

The MB90610A series has been developed as a general-purpose product in the F2MC-16L series. The
F2MC-16L series are proprietary 16-bit single-chip microcontrollers that can be used as application
specific ICs (ASICs).

This manual describes the functions and operation of the MB90610A series and is aimed at engineers who
are using the chip to develop products. For details on the instruction set, see the "F2MC-16L Programming
Manual".

*: F2MC stands for Fujitsu Flexible Microcontroller.
This manual is organized as follows.

Chapter 1 General
Describes the MB90610A series features, product range, block diagram, pin assignment, and notes on
device operation.

Chapter 2 Hardware
Describes the internal structure of the FZMC-16L series CPU and the internal hardware specifications of
the MB90610A series.

Chapter 3 Operation
Describes the clock generator, reset, interrupts, memory access modes, low power modes, and other
features of the MB90610A series.

Chapter 4 Instructions
Summarizes the FZMC-16L series instruction set.



. The products described in this manual and the specifications thereof may be changed without prior

notice. To obtain up-to-date information and/or specifications, contact your Fujitsu sales
representative or Fujitsu authorized dealer.

. Fujitsu will not be liable for infringement of copyright, industrial property right, or other rights of a third

party caused by the use of information or drawings described in this manual.

. The contents of this manual may not be transferred or copied without the express permission of

Fujitsu.

. The products contained in this document are not intended for use with equipments which require

extremely high reliability such as aerospace equipments, undersea repeaters, nuclear control
systems or medical equipments for life support.

. Some of the products described in this manual may be strategic materials (or special technology) as

defined by the Foreign Exchange and Foreign Trade Control Law. In such cases, the products or
portions thereof must not be exported without permission as defined under the Law.

an

1996 FUJITSU LIMITED Printed in Japan
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1.1 Features

Chapter 1:
General

The MB90610A series are general-purpose, high performance 16-bit microcontrollers designed for
applications requiring high speed real-time processing in industry, office equipment, process control, and
other fields.

The instruction set follows the FZMC-8 series AT architecture with additional high level language
instructions, enhanced addressing modes, improved multiplication and division instructions, and bit
manipulation instructions. Furthermore, a 32-bit accumulator enables processing of long-word data.

The internal peripheral resources consist of a 3-channel serial port incorporating a UART function (and
supporting I/0O expansion serial mode), 8-channel 10-bit A/D converter, 2-channel PPG, 2-channel 16-bit
reload timer, 8-channel chip select output, and eight external interrupts.

Also, multiplexed or non-multiplexed operation can be selected for the address/data bus.

1.1 Features

(1) Minimum instruction execution time (Standard F2M C-16 features):
62.5nS at 16 MHz internal operation
Uses PLL clock multiplication

(2) Instruction set optimized for controller applications (Standard F2MC-16 features)
» Wide range of datatypes (bit, byte, word, and long word)
» Wide range of addressing modes. 23 modes
* High code efficiency
* High accuracy operations are enhanced by use of a 32-bit accumulator.

(3) Enhanced high level language (C) and multitasking support instructions
(Standard F2M C-16 features)

» Use of a system stack pointer
» Enhanced pointer indirect instructions
 Barrel shift instructions

(4) Improved execution speed (Standard F2M C-16 features):
Four byte instruction queue

(5) Powerful interrupt function from 24 sources in 8 levels (Standard F2M C-16 features)

(6) Automatic data transfer that is independent of the CPU (Standard F2M C-16 features)



1.1 Features

(7) Multiplexed or non-multiplexed operation can be selected for the address/data bus
(8) General-purpose ports

Non-multiplexed mode: 36 ports max.

Multiplexed mode: 52 ports max.

(9) UART (SCI): 3ch
* For either asynchronous or clocked serial transfer (1/0 expansion serial)

(10) A/D converter: 8ch (10-bit)
* 8-bit conversion mode also available

(11) PPG (programmable pulse generator): 2ch
(12) 16-bit reload timer: 2ch
(13) Chip select output: 8ch
(14) External interrupts: 8ch

(15) 18-bit timebase timer
» Watchdog timer function

(16) PLL clock multiplier function

(17) CPU intermittent operation function
(18) Various standby modes

(19) SQFP-100 or QFP-100 package

(20) CMOS technology

2 Chapter 1. General



1.2 Product Range

1.2 Product Range

Table 1.2.1 lists the MB9O0610A series product range. Features other than ROM and RAM size are the
same for all products.

Table 1.2.1 MB90610A Series Product Range

MB90611A MB90V610A
ROM size -
RAM size 1KB 4KB
Other No ROM Evaluation device

* At the time of writing this manual, actual product range details are still to be confirmed.
The above product range is provisional and does not guarantee the future availability of products.



1.3 Block Diagram

1.3 Block Diagram
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Fig. 1.3.1 Block Diagram of the MB90610A Internal Structure

4 Chapter 1. General



1.4 Pin Assignment

1.4.1 SQFP-100 Pin Assignment
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Fig. 1.4.1 SQFP-100 Pin Assignment
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1.4 Pin Assignment



1.4 Pin Assignment

1.4.2 QFP-100 Pin Assignment
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Fig. 1.4.2 QFP-100 Pin Assignment
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1.5 Package Dimensions

1.5 Package Dimensions
1.5.1 SQFP-100 Package Dimensions

FPT-100P- Reference
EIAJ Code: *QFP100-P-1414-1
Plastic SQFP 100-pin Lead pitch 0.50 mm
Packagewidth” 14 14 mm
length
Lead shape Gull-wing
Sealing Plastic mold
(FPT-100P-MO05)
Plastic SQFP 100-pin
(FPT-100P-MO05)
- |
N — Units: mm (inches)

* The above package dimensions are for reference only. Please confirm the actual dimensions separately.

Fig. 1.5.1 SQFP-100 Package Dimensions



1.5 Package Dimensions

1.5.2 QFP-100 Package Dimensions

FPT-100P- Reference

EIAJ Code: *QFP100-P-1420-4

Plastic QFP 100-pin Lead pitch 0.65 mm
Packagewidth 14° 20 mm
length
Lead shape Gull-wing
Sealing Plastic mold
Length of pin
flat section 0.80 mm

(FPT-100P-MO06)

Plastic QFP 100-pin
(FPT-100P-M06)

|1 | | ] 1
(mounted height)

N Units: mm (inches)

* The above package dimensions are for reference only. Please confirm the actual dimensions separately.

Fig. 1.5.2 QFP-100 Package Dimensions
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1.6 Pin Descriptions

1.6 Pin Descriptions

Table 1.6.1 MB90610A Pin Descriptions (1)

Pin No. .
Pin Name Circuit Type Function
QFP SQFP
82 80 X0 A . :
83 81 X1 (Oscillator) Crystal oscillator pins
85 83 D00 to DO7 K In non-multiplex mode, the I/O pins for the lower 8 hits ofthe external data bus.
to to i i i
o % ADOO to ADO7 (TTL) LTJ ;nultl plexed mode, the 1/0 pins for the lower 8 bits of the external address/data
P10 to P17 General-purpose 1/0 ports. This applies in non-multiplexed mode with an 8-bit
external data bus.
93 9 K In non-multiplexed mode, the I1/O pins for the upper 8 bits of the external data bus.
to to D08 to D15 hi I h . 16-bi o datab
100 98 (TTL) This applies when using a 16-bit external data bus.
ADOS to AD15 LTJ ;nultl plexed mode, the 1/0 pins for the upper 8 bits of the external address/data
99 P20 to P27 B General-purpose I/0 ports. This appliesin multiplexed mode.
1t08 100 -multi i i
106 A0 to AO7 (CMOS) L)rllJ Qon multiplexed mode, the output pins for the lower 8 bits of the external address
9 7 P30 to P37 General-purpose 1/0 ports. This appliesin multiplexed mode.
10 8 B
12 10 - i i i
- o AO8 to A5 (CMOS) LTJ Qon multiplexed mode, the output pins for the upper 8 bits of the external address
17 15
18 16 P40 to PA7 General-purpose 1/0 ports. This applies when the upper address control register
to to specifies port operation.
22 20 B
24 22 AL6 to A23 (CMOSs) The output pins for A16 to 23 of the external address bus. This applies when the
to to upper address control register specifies address operation.
26 24
. - P70 to P73 General-purpose 1/0 ports. Thisappliesin all cases.
to to H External interrupt request input pins. As the inputs operate continuously when exter-
30 o8 INTO to INT3 (CMOS/H) nal interrupts are enabled, output to the pins from other functions must be stopped
unless doneintentionally.
P74 to P75 General-purpose 1/0 ports. This applies when the waveform outputs for PPG timers
Oand 1 are disabled.
31 29 H External interrupt request input pins. As the inputs operate continuously when exter-
INT4 to INTS nal interrupts are enabled, output to the pins from other functions must be stopped
32 30 (CMOS/H) . .
unless doneintentionally.
Output pinsfor PPG timers 0 and 1. This applies when the waveform outputs for
PPGO to PPGL PPG timers 0 and 1 are enabled.
P76 General-purpose 1/0 port. This appliesin all cases.
External interrupt request input pin. As the input operatescontinuously when the
INT6 H external interrupt is enabled, outputto the pin from other functions must be stopped
33 31 (CMOS/H) unless doneintentionally.
Trigger input pin for the A/D converter. Asthe input operates continuously when the
ATGX A/D converter inputs are operating, output to the pin from other functions must be
stopped unless done intentionally.
Power supply for the analog circuits. Do not switch this power supply on or off
34 82 AVCC Power supply unless a voltage greater than AVCC is applied to VCC.
Analog circuit reference voltage input. Do not switch the voltage to this pin on or off
35 33 AVR+ Power supply unless a voltage greater than AV R+ is applied to AVCC.
36 34 AVR- Power supply Analog circuit reference voltage input
37 35 AVSS Power supply Ground level for the analog circuits




1.6 Pin Descriptions

Table 1.6.1 MB90610A Pin Descriptions (2)

Pin No. .
Pin Name Circuit Type Function
QFP SQFP
38 36 Open-drain output ports. This applies when port operation is specified in the analog
P60 to P67 . A
to to input enable register.
41 39 C
43 41 ANO to AN7 (AD) Analog input pinsfor the A/D converter. This applies when A/D operation is speci-
to to fied in the anal og input enable register.
46 44
P80 General-purpose 1/0 port. This appliesin all cases.
External interrupt request input pin. As the input operatescontinuously when the
INT7 H external interrupt is enabled, outputto the pin from other functions must be stopped
47 45 (CMOS/H) unless doneintentionally.
Event input pin for reload timer 0. As the input operates continuously when the
TINO reload timer is set to input operation,output to the pin from other functions must be
stopped unless done intentionally.
P81 General-purpose 1/0 port. This appliesin all cases.
48 46 D Event input pin for reload timer 1. As the input operates continuously when the
TINL (CMOS/H) reload timer is set to input operation,output to the pin from other functions must be
stopped unless done intentionally.
49 47 £
to to MDO to MD2 Input pins for specifying the operation mode. Connect directly to VCC or VSS.
51 49 (CMOS)
F . :
52 50 HSTX (CMOS/H) Hardware standby input pin
General-purpose 1/0 ports. This applies when output is disabled for reload timers 0
P82 to P83
53 51 D and 1.
54 52 CMOS/H i i i i i
TOTO to TOTL ( ) Qutput pinsfor reload timers 0 and 1. This applies when output is enabled for reload
timers0 and 1.
P84 General-purpose 1/0 port. This appliesin all cases.
55 53 D Serial datainput pin for UARTO. Asthe input operates continuously when UARTOis
SINO (CMOS/H) set to input operation, output to thepin from other functions must be stopped unless
doneintentionally.
General-purpose 1/0 port. This applies when serial data output is disabled for
P85
D UARTO.
56 54 - - - - - -
(CMOS/H) Serial dataoutput pin for UARTO. This applies when serial dataoutput is enabled for
SOTO0
UARTO.
P86 General-purpose 1/0 port. This applies when the UARTO clockoutput is disabled.
57 55 D Clock 1/0 pin for UARTO. This applieswhen the UARTO clock output isenabled. As
SCKO (CMOS/H) the input operates continuously when UARTO is set to input operation, output to the
pin from otherfunctions must be stopped unless done intentionally.
P90 General-purpose 1/0 port. This appliesin all cases.
58 56 D Serial datainput pin for UART 1. Astheinput operates continuously when UART1is
SIN1 (CMOS/H) set to input operation, output to thepin from other functions must be stopped unless
doneintentionally.
General-purpose 1/0 port. This applies when serial data output is disabled for
P91
D UARTL.
59 57 - - - - - -
(CMOS/H) Serial data output pin for UART1. This applieswhen serial dataoutput isenabled for
SOT1
UART1.
P92 General-purpose 1/0 port. This applies when the UART1 clockoutput is disabled.
60 58 D Clock 1/0 pinfor UART 1. This applieswhen the UART1 clock output isenabled. As
SCK1 (CMOS/H) the input operates continuously when UART 1 iis set to input operation, output to the
pin from otherfunctions must be stopped unless done intentionally.

10
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1.6 Pin Descriptions

Table 1.6.1 MB90610A Pin Descriptions (3)

Pin No. .
Pin Name Circuit Type Function
QFP SQFP
P93 General-purpose 1/0 port. This appliesin all cases.
61 59 D Serial datainput pin for UART2. Asthe input operates continuously when UART2is
SIN2 (CMOS/H) set to input operation, output to thepin from other functions must be stopped unless
doneintentionally.
General-purpose 1/0 port. This applies when serial data output is disabled for
P94
D UART2.
62 60 - - - - - -
(CMOS/H) Serial data output pin for UART2. This applieswhen serial dataoutput isenabled for
SOT2
UART2.
P95 General-purpose 1/0 port. This applies when the UART2 clockoutput is disabled.
63 61 D Clock 1/0 pin for UART2. This applieswhen the UART2 clock output isenabled. As
SCK2 (CMOS/H) the input operates continuously when UART2 is set to input operation, output to the
pin from otherfunctions must be stopped unless done intentionally.
J . .
64 62 CSo (CMOS) Chip select pin for program ROM
General-purpose 1/0 ports. This applies for pinswith chip select output disabled by
65 63 PALto PA7 | the chip select control register.
to to - - - - - —
71 69 CS1 1o CS7 (CMOSs) Output pins for the chip select function. This applies for pinswith chip select output
enabled by the chip select control register.
- 20 P50 | General-purpose 1/0 port. This applies when CLK output is disabled.
CLK (CMOS) CLK output pin. This applieswhen CLK output is enabled.
73 = P51 L General-purpose 1/0 port. This applies when the external ready function is disabled.
RDY (TTL) Ready input pin. This applies when the external ready function is enabled.
- - P52 | General-purpose 1/0 port. This applies when the hold function is disabled.
HAKX (CMOS) Hold acknowledge output pin. This applies when the hold function is enabled.
75 73 P53 L General-purpose 1/0 port. This applies when the hold function is disabled.
HRQ (TTL) Hold request input pin. This applies when the hold functionis enabled.
P54 General-purpose |/0 port. This appliesin 8-bit external bus mode or when output is
| disabled for the WR pin.
76 74 , , , , — ,
WRHX (CMOs) Write strobe output pin for the upper 8 hits of the data bus. This appliesin 16-hit
external bus mode and when output is enabled for the WR pin.
G . :
77 75 RSTX (CMOS/H) External reset request input pin
P55 | General-purpose 1/0 port. This applies when output is disabled for the WR pin.
78 76 WRLX (CMOS) Write strobe output pin for the lower 8 bits of the data bus. This applies when output
is enabled for the WR pin.
J .
79 77 RDX (CMOS) Read strobe output pin for the data bus
J .
80 78 ALE (CMOS) Address latch enable output pin
23 21 - -
84 82 VCC Power supply Power supply for the digital circuits
11 9
42 40 VSS Power supply Ground level for the digital circuits
81 79

11



1.6 Pin Descriptions

Table 1.6.3 1/0 Circuit Configurations (1)

Type Circuit Configuration Remarks
* MAX.3MHzto 32 MHz
o clock input « Oscillator feedback resistance:
approximately 1 MW
A
STANDBY
CONTROL
* CMOSlevd 11O
With standby control
l— Digital output
= |— Digital output
B =
Digital input
STANDBY
CONTROL
* N-channel open drain output
CMOS level hysteresis input
DT With AD control
= |— Digital output
C +—————» A/Dinput
Digital input
A/D DISABLE
* CMOS level output
— CMOS level hysteresisinput
- ot output With standby control
= |— Digital output
D =
Digital input
STANDBY
CONTROL

12 Chapter 1. General



1.6 Pin Descriptions

Table 1.6.3 1/0 Circuit Configurations (2)
Type Circuit Configuration Remarks

* CMOS level input
J No standby control

E = 4
4[>O—> Digital input
* CMOS level hysteresisinput
No standby control
F S

4@0* Digital input

* CMOS level hysteresisinput
No standby control

* With pull-up
1y ul
G !

Digital input

* CMOS level output
* CMOS level hysteresisinput
Digital output No standby control

|— Digital output
4[}0* Digital input

AL

13



1.7 Device Operation

Table 1.6.3 1/O Circuit Configurations (3)

Type Circuit Configuration Remarks
+ CMOSleve I/0
STANDBY . .
CONTROL * Pull-up resistor approximately 50 kW
R |— Digital output + Pin goes to high impedance during
stop mode.

l— Digital output
I

Digital input
STANDBY
CONTROL
* CMOS level output
SIANDEY * Pull-up resistor approximately 50 kW
R |_ Digital output * Pin goesto high impedance during
J stop mode.

'— Digital output

* CMOS level output

l— Digital output e TTL leve input
: |_Digita| output With standby control
K =
’:DD" Digital input
STANDBY
CONTROL
* CMOS level output
STANDBY
CONTROL « TTL level input
R |— Digital output « Pull-up resistor approximately 50 kW
iy  Pin goesto high impedance during
L l— Digital output StOp mode.
Digital input
STANDBY
CONTROL

Note: For pinswith pull-up resistors, the resistance is disconnected when the pin outputsthe "L" level or when
in the standby state.

1.7 Device Operation
14 Chapter 1. General



1.7 Device Operation

(1) Preventing latch-up

Latch-up occursin a CMOS IC if a voltage greater than VCC or less than VSS is applied to an input or
output pin or if the voltage applied across VCC and V SS exceeds the rating. If latch-up occurs, the power
supply current increases rapidly resulting in thermal damage to circuit elements. Therefore, ensure that
maximum ratings are not exceeded in circuit operation.

For the same reason, also ensure that the analog supply voltage does not exceed the digital supply voltage.

(2) Connecting unused pins

Leaving unused input pins unconnected can cause misoperation. Always pull-up or pull-down unused
pins.

(3) Cautions when using an external clock

Drive the X0 pin only when using an external clock. Figure 1.7.1 shows an example of how to use an
external clock.

>0 X0

OPEN

X1
MB90610A

Fig. 1.7.1 Example of Using an External Clock

(4) Power supply pins

When multiple VCC and VSS pins are provided, connect all VCC and VSS pins to supply or ground
externally. Although pins at the same potential are connected together in theinternal device design so asto
prevent misoperation such as latch-up, connecting all VCC and VSS pins appropriately minimizes
unwanted radiation, prevents misoperation of strobe signals due to increases in the ground level, and keeps
the overall output current rating.

Also, take care to connect VCC and VSS to a low impedance current source.
Connection of a bypass capacitor (a ceramic capacitor of approximately 0.1 n connected close to the
device) between VCC and VSSis recommended.

(5) Crystal oscillator circuit

Noise in the vicinity of the X0 and X1 pins can be a cause of device misoperation. Place X0, X1, the
crystal oscillator (or ceramic oscillator), and the bypass capacitor to ground as close together as possible.
Also, design the circuit board so that the wiring for the crystal oscillator circuit does not cross other
wiring.

A printed circuit board design that surrounds the X0 and X1 pinswith ground provides for stable operation
and is strongly recommended.

(6) A/D converter power supply and the turn-on sequence for analog inputs
Do not apply current to the A/D converter power supply (AVcc, AVR+, AVR-) or analog inputs (ANO to
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1.7 Device Operation

ANY7) until the digital power supply (Vcc) isturned on.

When turning the device off, turn off the digital power supply after cutting the A/D converter power
supply and analog inputs.

When turning the power on or off, ensure that AV R+ does not exceed AV CC.
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Chapter 2:
Hardware

2.1 CPU

2.1.1 Memory Space
B Outline of the CPU memory space
The program, data, and 1/0 managed by the F2MC-16L CPU are al located in the CPU's 16MB memory

space. The CPU accesses each resource by setting the corresponding address on the 24-bit address bus
(Figure 2.1.1).

F2MC-16L device

e e e e e e " FFFFFFH

: _:/—-> Program area

: —| Program : FF8000H

1 1

1 1

1 1

1 1

| F2MC-16L |- ] Data I 8100001

. cPU \

1 1

| | Data area

1 1

| —| Interrupts 800000k

1 1

1 1

! : 0000COH

1 - 1

: — Pgirrlgll}ﬁz;al : { Interrupt controller

! I 0000BOH

1 1

| | { Internal resources
General-

! I purpose ! 000020+

I ports \

1 . 1 General-purpose ports

| [Device] |

b e e e e - - 4 000000+

Fig. 2.1.1 Example of the Relationship Between the F2MC-16L System and Memory Map
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B Address generation modes

Address generation in the F2MC-16L can be broadly divided into two modes: linear addressing and bank
addressing. In linear addressing, the instruction specifies the entire 24-bit address. In bank addressing, the
upper 8 bits of the address are set in a bank register based on the application and the instruction specifies
the lower 16 bits of the address.

Linear addressing can be further divided into two types. In one method, the operand specifies the 24-bit
address directly. In the other method, the lower 24 bits of a 32-bit general-purpose register are used as the
address. (Figure 2.1.2)

Example 1: Linear addressing with a 24-bit operand specified

JMPP 123456+

17452DH
Old program counter H
+ pproggram bank 17 ;452D IJMPP  123456H
— 1234561 Next instruction
New program counter T
+ pr%gr%m bank 17 3456

Example 2: Linear addressing using 32-bit register indirect addressing

MOV A @RL1+7

Old AL XXXX 090700H 3A
+7
RL1 240906F9
New AL 003A (Upper 8 bits ignored.)

Fig. 2.1.2 Example of Linear Address Generation
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Bank addressing splits the 16MB address space into 256 banks of 64KB. The bank registers specify the
bank address. Five types of bank register are provided. Table 2.1.1 lists the memory space accessed and
the main use for each bank register.

Table 2.1.1 Memory Space Accessed by Each Bank Register

Bank Register Name

Memory Space
Name

Main Application

Initial Value
After Reset

Stores instruction code, vector tables, and immediate

Program bank register (PCB) | Program (PC) space data FFH
Stores readable and writable data.

Data bank register (DTB) | Data (DT) space Accesses control registers and data registers for internal OOH
and external peripherals.

User stack bank register  (USB) Area used for stack access such as by PUSH and POP O0H
instructions or register saving at interrupts.

Stack (SP) space ) ;

System stack bank register (SSB) (SP) sp SSB is used when S=1 in CCR. 00H
USB is used when S=0 in CCR.

Additional bank register (ADB) | Additional (AD) space Stores data such as data that is too large for the data OO0H

(DT) space.

After areset, the DT, SP, and AD spaces are allocated to bank 00 (000000H to OOFFFFH)
and the PC space is allocated to bank FF (FFOOOOH to FFFFFFH).

To improve instruction code efficiency, instructions have a default space for each addressing mode. Table
2.1.2 lists the defaults. Prefix codes can be prefixed to instructions to specify a space other than the default
for the addressing mode used. The system accesses the space corresponding to the prefix code.

Table 2.1.2 Default Memory Spaces

Default Space

Addressing

Program space

PC indirect, program access, branching

Data space

@A, addr16, dir, Addressing using @RW0, @RW1, @RW4, or @RW5

Stack space

Addressing using PUSHW, POPW, @RW3, or @RW7

Additional space

Addressing using @RW2 or @RW6
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Figure 2.1.3 shows an example of the division of memory space into banks and each bank register.

oy T FFFFFFu

Program space

FFOOOOH | = = = = = = = = - - FFH : PCB (Program bank register)
Physical
addresses

B3FFFFH| = = = = = = = = =

Additional space
B3000OH | - = = = = = = - - - B3H : ADB (Additional bank register)
92FFFFH | = == = = = = - -

User stack space
920000H | - - = = = = - - - - 92H : USB (User stack bank register)
68FFFFH| = = = = = = = - -

Data space
680000H | = = = = = = = = = - 68H . DTB (Data bank register)
ABFFFFuf = - === -~~~
System stack
space
4BOO0OH | = = = = - - - - - - 4BH : SSB (System stack bank register)
\
------ 000000H

Fig. 2.1.3 Example of Physical Addresses of Each Memory Space
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B Memory space layout for multi-byte data

Figure 2.1.4 shows the data configuration of multi-byte data in memory. The lower 8 bits are placed at
location n and subsequent bytes placed at locations n+1, n+2, n+3, etc.

MSB LSB

H 01010101 | 11001100 | 11111111 | 00010100

" 01010101 | = L) T
T '11001100 | =

Location n 00010100 -

L

Fig. 2.1.4 Example of Memory Layout for Multi-Byte Data

Memory is written to from the lowest address. Therefore, for 32-bit data, the lower 16 bits are transferred
first, followed by the upper 16 hits.

If areset signal isinput immediately after writing the lower data bits, writing the upper data bits may not
occur.

B Accessing multi-byte data

All access occurs within a bank. Therefore, for instructions that access multi-byte data, the next address
after location FFFFH is location 0000H in the same bank. Figure 2.1.5 shows an execution example for an
instruction that accesses multi-byte data.

H

AL before execution

80FFFFH 01H _

_______ AL after execution 23H 01H

800000H 23H
B EEEEEEE —‘ L
L |

Fig. 2.1.5 Execution of MOVW A,080FFFFH
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2.1.2 Registers

The FAMC-16L registers can be broadly divided into two categories: dedicated registers located in the
CPU and general-purpose registers located in internal RAM. Dedicated registers exist as specific hardware
in the CPU and their use is limited by the CPU architecture. In contrast, genera-purpose registers are
located in RAM in the CPU's address space. Like special registers, general-purpose registers can be
accessed without specifying an address. However, general-purpose registers can also be used as specified
by the user, in the same way as standard memory. Figure 2.1.6 shows the layout of the dedicated and

general-purpose registers in the device.

CPU Dedicated registers

Accumulator

User stack pointer

System stack pointer

Processor status

Program counter

Direct page register

Program bank register

Data bank register

User stack bank register

System stack bank
register

Additional data bank
register

— RAM

General-purpose registers

Internal bus

Chapter 2: Hardware

Fig. 2.1.6 Special and General-Purpose Registers




B Dedicated registers

21 CPU

Table 2.1.3 lists the eleven dedicated registersin the FPMC-16L.

Table 2.1.3 Dedicated Registers

Structure

Register Name

Function

AH

AL

Accumulator

2 16-bit registers used to save operation results and
similar. Can be combined as a single 32-bit register.

o

User stack pointer

16-bit pointer that specifies the user stack area

o

System stack pointer

16-bit pointer that specifies the system stack area

Processor status

16-bit register that indicates the system status

o

Program counter

16-bit register that stores the address containing the
program

i) (7)) C

Direct page register

8-bit register that specifies the direct page

PCB Program bank register 8-bit register that specifies the program space
DTB Data bank register 8-bit register that specifies the data space

USB User stack bank register 8-bit register that specifies the user stack space
SSB System stack bank register 8-bit register that specifies the system stack space
ADB Additional data bank register 8-bit register that specifies the additional space
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B Accumulator (A)

The accumulator consists of two 16-bit operation registers. AH and AL. The accumulator is used for
temporary storage of operation results and data moves. AH and AL can be combined for 32-bit data
processing. For 16-bit word processing or 8-bit byte processing, the AL register only is used. (See Figures

2.1.7and 2.1.8)

Operations can be performed on accumulator data and memory or register (Ri, RWi, or RLi) data. Likethe
FMC-8, when word-length or shorter data is transferred to the FAIMC-16's AL register, the previous
content of AL isautomatically transferred to AH (the data retention function). The data keep function and
AL-AH operations increase the processing efficiency of the device. (Figure 2.1.8)

MOVL A @RW1+6 (This instruction performs a long-word read from the location specified by
adding an 8-bit offset value to RW1 and places the data in the accumulator.)

Memory space

LSB

744

524

MSB
Accumulator XXX T XXX
before execution H i H AG1540m oFn
A6153E
@DTBressH 2Bn
+6
Accumulator J
after execution | 8F74n i 2B52H L RW1 154
AH AL

38H

Fig. 2.1.7 32-Bit Data Move Example

MOVW A @RW1+6  (This instruction performs a single-word read from the location specified by
adding an 8-bit offset value to RW1 and places the data in the accumulator.)

Memory space

LSB

744

52H

38H

MSB
Accumulator T
beforeexecutionl XXXXH 1234n | AG1540m v
AB6153E
@Dmresu 28w
+6
Accumulator J
afterexecutionl 1234n i 2B52H | L ru 154
AH AL

Fig. 2.1.8 AL-AH Move Example
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When moving byte-length or shorter datato AL, the dataplaced in AL issign extended or zero extended to
alength of 16 bits. Datain AL can be treated as word-length or byte-length. When the CPU executes a
byte-length arithmetic instruction on AL, the operation ignores the upper 8 bits of AL and sets the upper 8
bits of the result to zero. (See Figures 2.1.9 and 2.1.10.)

The accumulator is not initialized by areset. The value of the accumulator after areset is undefined.

MOV A,3000H (Thisinstruction zero extends the data at |ocation 3000H and places the result in AL.)

Memory space
MSB LSB

Accumulator
before executionl XXXXH

2456+ | B53000H 77H 88+

@DTB

Accumulator !
afterexecutionl 2456+ i 0088+ |

AH AL

Fig. 2.1.9 Zero Extend Execution Example

MOVX A.3000H (Thisinstruction sign extends the data at |ocation 3000H and placestheresult in AL.)

Memory space

T MSB LSB
Accumulator T
before executionl XXXXH § 2456w |
i B530004 77H 88
Accumulator !
after execution | 2456w ; FF88H
AH AL

Fig. 2.1.10 Sign Extend Execution Example
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B User stack pointer (USP) and system stack pointer (SSP)

The USP and SSP are 16-hit registers that specify the memory address for saving and restoring data at
PUSH/POP instruction or subroutine execution. Stack instructions operate in the same way on both USP
and SSP. The instructions use USP if the S flag in the processor status (PS) register isset to "0" and SSP if
the Sflagissetto "1" (see Figure 2.1.11).

The Sflag is set to "1" when an interrupt is received. Therefore, when an interrupt occurs, the processor
always saves registers to the memory specified by SSP. Normally, stack processing in interrupt routines
uses SSP and stack processing other than in interrupt routines uses USP. If separate stack spaces are not
necessary, use SSP only.

Always set an even numbered address to the stack pointer. Setting an odd numbered address splits word
access in two and reduces efficiency.

SSB specifies the upper 8 bits of the stack address for SSP and USB specifies the upper 8 bits for USP.
USP and SSP are not initialized by areset. The values of USP and SSP after areset are undefined.

Example 1: Executing PUSHW A when the S flag is "0".

MSB LSB
ooefore o AL| A624H | ussl Cén | uspl F328H | C6F326m XX XX
S flag II' sssl 56H | sspl 1234n |
After .
execution = AL| A624H | USBl C6H | Uspl F326H | & User stack used because S flag = “0”.
S flag II' SSBl 56H | SSPl 1234+ | C6F326H A6H 24
Example 2: Executing PUSHW A when the S flag is "1".
eEeecfStri%n = AL| A624H | USB| CéH |usp| F328n | 561232+ XX XX
S flag sssl 56H | sspl 1234n |
After
execution AL| AB24H | USB| Cén | uspl F328H | 561232+ ABH 24n

S flag SSBl 56H | SSPl 12321 | & System stack used because S flag = “1”.

Fig. 2.1.11 Stack Manipulation Instructions and Stack Pointers
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The processor status register consists of control bits that control the CPU operation and status bits that
indicate the CPU status. Figure 2.1.12 shows the structure of PS. The upper byte contains the register bank
pointer (RP), which indicates the top address of the register bank, and the interrupt level mask register
(ILM). The lower byte contains the condition code register (CCR). The CCR consists of flags which are
set to "0" or "1" by instruction execution results, interrupt generation, or other events.

PS

Initial value

X

15 «>» 13 12 «—>» 8 7 = > 0
ILM RP CCR
000 000O0O — 0 1 X X X X X

Ideterminate value

Fig. 2.1.12 PS Structure

(1) Condition code register (CCR)
Figure 2.1.13 shows the structure of the condition code register.

Initial value

X

7

6 5 4 3 2 1 0

|I|S|T|N|Z|V|C|:CCR

0 1 X X X X X

Ideterminate value

Fig. 2.1.13 Condition Code Register Structure

I: Interrupt enableflag

Z

Stack flag

. Sticky bit flag

. Negativeflag

. Zeroflag

. Overflow flag

: Carry flag

For all interrupts other than software interrupts, setting | to "1" enables the
interrupts and setting | to "0" masks the interrupts. Cleared by areset.

Stack operations use USP if the S flag is set to "0" and SSP if the Sflag is
set to "1". Set by areset or on receiving an interrupt.

Set to "1" if the data shifted out of carry during alogical or arithmetic right
shift instruction contains one or more "1"s. Otherwise, set to "0". Also set
to "0" if the shift amount is zero.

Set if the MSB of an operation result is"1", cleared if the MSB is"0".

Set if an operation result isall "0"s, cleared otherwise.

Set if an overflow occurs for a signed value as the result of the execution of
an operation. Cleared if no overflow occurs.

Set if a carry-up or carry-down occurs for the MSB as the result of the
execution of an operation. Cleared if no carry occurs.
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(2) Register bank pointer (RP)

The RP register specifies the relationship between the FAMC-16L's general-purpose registers and the
addresses in internal RAM where the registers are located. The top memory address of the register bank
currently in use is specified by the conversion formula: [000180H + (RP)*10H] (Figure 2.1.14). RP
consists of 5 bits and can be set in the range O0H to 1FH. This allows register banks to be located in
memory between 000180H and 00037FH. However, addresses in this range can only be used as general-
purpose registers if the addressisin internal RAM. RPisinitialized to O0H by areset.

RP can be set by an 8-bit immediate move instruction but only the lower 5 bits are used.

|34|33|Bz|31|30| :RP
Initial value 0 0 0 0 0

Fig. 2.1.14 Register Bank Pointer

(3) Interrupt Level Mask Register (ILM)

The ILM consists of 3 bits and specifies the interrupt mask level for the CPU. The CPU only receives
interrupts with a higher priority level than the level specified in ILM. Zero is the highest interrupt level
and seven is the lowest interrupt level (see Table 2.1.4). Therefore, to receive an interrupt, the level value
of the interrupt request must be less than the value set in ILM. When an interrupt is received, the interrupt
level valueisset in ILM. This disables the subsequent reception of interrupts of the same or lower priority.
ILM isinitialized to al zeros by areset. Instruction allows 8-bit immediate value transfer to ILM but only
the upper 3 bits are actually used.

Initial value 0 0 0

Fig. 2.1.15 Interrupt Level Register

Table 2.1.4 Priority Levels for the Interrupt Level Mask Register (ILM)

ILM2 ILM1 ILMO Level Allowed Interrupt Levels
0 0 0 0 All interrupts prohibited
0 0 1 1 0 only
0 1 0 2 Level 1 or less
0 1 1 3 Level 2 or less
1 0 0 4 Level 3 or less
1 0 1 5 Level 4 or less
1 1 0 6 Level 5 or less
1 1 1 7 Level 6 or less
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B Program counter (PC)

The PC is a 16-bit counter. The PC specifies the lower 16 bits of the memory address of the instruction
code to be executed by the CPU. PCB specifies the upper 8 bits of the address. Operations that update the
content of the PC include conditional branch instructions, subroutine call instructions, interrupts, and
resets.

PCB FEH PC ABCDH
» FEABCDH | Nextinstruction to execute

Fig. 2.1.16 Program Counter

W Direct pageregister (DPR) <Initial value: 01H>
As shown in Figure 2.1.17, the DPR specifies addr8 to addr15 of the operand for direct addressing

instructions. DPR is an 8-hit register and is initialized to 01H by a reset. The DPR can be read from or
written to by instructions.

DTB register DPR register Direct address in instruction

aaaaaaaal | bbbbbbbb | | 999909999

\ \
MSB i J LSB

24-bitphysica|address|aaaaaaaa bbbbbbbb gggggggg |

Fig. 2.1.17 Physical Address Generation Using Direct Addressing

W Program counter bank register (PCB) <Initial value: value from reset vector>

Data bank register (DTB) <Initia value: 00H>
User stack bank register (USB) <Initia value: 00H>
System stack bank register (SSB)  <Initia value: 00H>

Additional data bank register (ADB) <Initia value: 00H>

The bank registers specify the memory banks for the PC space, DT space, SP space (user), SP space
(system), and AD space respectively. All bank registers consist of 8 bits. A reset initializes PCB to FFH
and other bank registers to O0H. The bank registers other than PCB permit reading and writing. The PCB
permits reading but not writing. The PCB is written to on execution of branch instructions (JMPP,
CALLP, RETP, and RETI) that operate in the total (16MB) memory space, on execution of a software
interrupt instruction, and when exceptions or hardware interrupts occur. See 2.1.1 "Memory Space" for
details on the operation of each register.
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B General-purpose registers

The genera-purpose registers of the FPMC-16L are located in RAM at 000180H to 00037FH in the
memory map. The register bank pointer (RP) specifies the section of memory that is currently used as the
register bank. Each bank contains the following three register types. The registers are not independent.
Figure 2.1.18 shows the relationship between the registers.

MSB LSB
16bit
< -
« ROto7: 8-bit general-purpose registers  Higher T - Cewr
* RWO to 7:16-bit general-purpose registers ! T RL3
. . R5 ' R4 RW6
¢ RLO to 3: 32-bit general-purpose registers | o — . 1 ____.._...
' R2
8\ _Rws RL2
RL RO RW4
rRwa |
RL1
RW2
) RW1 } RLO
ower
000180H + RP410H | ... ...... > RwWo ...

Top address of the general-purpose registers

Fig. 2.1.18 General-Purpose Registers

B Register bank

The register bank consists of eight 16-bit registers. byte registers RO to R7, word registers RW0 to RW7,
and long word registers RLO to RL3. The registers can be used as general-purpose registers in various
operations and as pointers in various instructions. RLO to RL3 can also be used as linear pointers to
directly access the entire memory space. Table 2.1.5 lists the function of each register.

As for standard RAM, the register contents are not initialized by a reset and the registers maintain the
values that they had prior to the reset. However, the register contents are indeterminate at power on.

Table 2.1.5 Register Functions

Used as instruction operands.
RO to R7 Note: RO is also used as the barrel shift counter and normalize
instruction counter.

Used as pointers.
RWO to RW7 | Used as instruction operands.
Note: RWO is also used as the string instruction counter.

Used as long pointers.

RLOWORL3 | ysed as instruction operands.
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Placing a prefix code in front of an instruction modifies the operation of the instruction. Three types of
prefix codes are available: bank select prefixes, common register bank prefixes, and flag change inhibit

prefixes.

B Bank select prefix

The memory space used for data access is determined by the addressing mode. Placing a bank select prefix
in front of an instruction selects a specific memory space for data access by the instruction, irrespective of
the addressing mode. Table 2.1.6 lists the memory space selected by each bank select prefix.

Table 2.1.6 Bank Select Prefix

Bank Select Prefix Memory Space
PCB PC space
DTB Data space
ADB AD space
If the S flag in CCR is "0", selects the user stack space. If the S
SPB g
flag is "1", selects the system stack space.

However, note that the instructions listed in Table 2.1.7 ignore the bank select prefix. Also, for the
instructions listed in Table 2.1.8, the effect of the bank select prefix is passed on to the next instruction.

Table 2.1.7 Instructions that Ignore the Bank Select Prefix

Instruction Type Instruction Effect of the Bank Select Prefix
MOVS MOVSW . e
Swngnscions | SCEQ SCWEG
FILS FILSW P P :
Stack manlpulatlon PUSHW POPW Uses USB (if the S flag = Q) or SSB (if the S flag =
instructions 1), whether or not a prefix is present.
MOV A,io MOVX A,io
MOVW A io
MOV io,A MOVW io,A
1/0 access MOV io#imm8 MOVW io,#imm16 Accesses the memory space 000000H to 0000FFH,
instructions MOVB A,io:bp MOVB io:bp,A whether or not a prefix is present.
SETB io:bp CLRB io:bp
BBC io:bp,rel BBS io:bp,rel
WBTC io:bp WBTS io:bp
!nterrupt retumn RETI Uses SSB, whether or not a prefix is present.
instruction

Table 2.1.8 Instructions for Which the Effect of the Bank Select
Prefix is Passed on to the Next Instruction

Instruction
AND CCR#mm8 OR CCR,#mm8
POPW PS
MOV ILM,#imm8

Instruction Type

Flag modify instructions

PS restore instruction

ILM set instruction
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B When multiple prefix codes are specified
When multiple conflicting prefix codes are specified, the final code specified is used.

Prefix code
A

°°°°°:||ADB || DTB || PCB ||ADDA,01H||:°°°°

* The PCB prefix code is used.

Fig. 2.1.19 Multiple Prefix Codes

B Common register bank prefix (CMR)

To simplify data exchange between tasks, a predetermined common register bank is required that can be
accessed by a comparatively simple procedure unaffected by the value of RP at the time. Placing CMR in
front of an instruction that accesses aregister bank changes the accessed register bank to the common bank
located at 000180H to 00018FH (the bank selected when RP = 0), irrespective of the current value of RP.
However, care is required with the instructions listed in Table 2.1.9.

Table 2.1.9 Instructions Requiring Care When Using the
Common Register Bank Prefix

Instruction Type Instruction Explanation
MOVS MOVSW
String instructions SCEQ SCWEQ Do not use the CMR prefix with string instructions.
FILS FILSW
Flag mgdlfy AND CCR#mm8 OR CCR.#imms The eﬁgct of the prefix is passed on to the next
instructions instruction.

The effect of the prefix is passed on to the next

PS restore instruction POPW PS . )
instruction.

The effect of the prefix is passed on to the next

ILM set instruction MOV ILM,#imm8 . .
instruction.

B Flag change inhibit prefix

Use the flag change inhibit prefix code (NCC) to inhibit unwanted changes to the flags. Placing NCC in
front of an instruction prevents instruction execution from changing the flags. The prefix inhibits changes
totheT, N, Z, V, and C flags.

However, care is required with the instructions listed in Table 2.1.10.
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Table 2.1.10 Instructions Requiring Care When Using the Flag Change Inhibit Prefix

Instruction Type

Instructions

Explanation

String instructions

MOVS MOVSW
SCEQ SCWEQ
FILS FILSW

Do not use the NCC prefix with string
instructions.

Flag modify
instructions

AND CCR#mm8 OR CCR,#imm8

The instruction changes CCR as
usual, whether or not a prefix is
present. The effect of the prefix is
passed on to the next instruction.

PS restore
instruction

POPW PS

The instruction changes CCR as
usual, whether or not a prefix is
present™The effect of the prefix is
passed on to the next instruction.

ILM set instruction

MOV  ILM,#mm8

The effect of the prefix is passed on to
the next instruction.

::;?:Sé?lgns INT #vct8 INT9 The instruction changes CCR as
INT addrl6 INTP addr24 usual, whether or not a prefix is

Interrupt return

: . RETI present.

instructions

Context switch The instruction changes CCR as
JCTX @A usual, whether or not a prefix is

instruction

present.

B |nterrupt inhibiting instructions

Hardware interrupt requests are not detected and interrupt requests are ignored for the ten types of
instruction listed in Table 2.1.11.

Table 2.1.11 Hardware Interrupt Inhibiting Instructions

MOV ILM #mm8
AND CCR,#mm8
OR CCR,#imm8
POPW PS

PCB

ADB
NCC
DTB

SPB
CMR

Therefore, if a valid hardware interrupt request occurs during execution of one of these instructions,
interrupt processing does not start until after the execution of the next instruction of atype other than those

listed above. Figure 2.1.20 shows an example.

Interrupt inhibiting instructions

—

||:........:||

Interrupt request occurs

o[-
A

(a) Normal instructions

Interrupt received

Fig. 2.1.20 Interrupt Inhibiting Instructions
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B Restrictions for interrupt inhibiting instructions and prefix instructions

If a prefix code is placed in front of an interrupt inhibiting instruction, the effect of the prefix code is
passed on to the next instruction that is not an interrupt inhibiting instruction. Figure 2.1.21 shows an

example.
Interrupt inhibiting instructions
MOV A, FFx | | NCC | | MOV ILM, #imm8 | | | | e o e e | | ADD A, 01+
CCR : XXX10XX | } ccr:xxx1oxx

CCR is not modified due to the NCC prefix.

Fig. 2.1.21 Interrupt Inhibiting Instructions and Prefix Codes

2.1.4 Interrupts, Extended Intelligent I/O Service, and Exceptions

The FAMC-16L has functions that halt the currently executing processing and pass control to another
defined program when an event or similar occurs. The functions can be divided into the following four

types.
® Hardware interrupt Interrupt processing triggered by an event occurring in
an internal resource circuit.
® Software interrupt Interrupt processing triggered by a software event
instruction.

® Extended intelligent I/O service (EI20S) Data transfer processing triggered by an event
occurring in an internal resource circuit.
® Exception Interrupt processing triggered by an exception.

B Hardware interrupts

(1) Outline

The hardware interrupt function temporarily interrupts the program currently executing in the CPU in
response to an interrupt request signal from an internal resource circuit. Control is passed to a user-defined
interrupt handling program.

To activate a hardware interrupt, the hardware compares the interrupt level of the interrupt request with
the interrupt level mask register (ILM) in the PS register of the CPU and checks the value of the | flag in
the PS register. The hardware interrupt activates if the conditions are valid. The CPU performs the
following processing when a hardware interrupt occurs.

» The A, DPR, ADB, DTB, PCB, PC, and PS registersin the CPU are saved on the system stack.
» The current interrupt level isstored in ILM in the PS register.
 Execution branches to the corresponding interrupt vector.
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The mechanisms relating to hardware interrupts can be divided into the following three groups.

* Internal resource circuits

* Interrupt controller

* CPU

Interrupt enable bit and interrupt request bit: Controls interrupt requests
from internal resources.

ICR: Assignsinterrupt levels and prioritizes simultaneous interrupts.

[, ILM: Comparesthelevel of the interrupt request with the current level.
Stores the interrupt enable status.

Microcode: Executes the interrupt processing steps.

Each mechanism is represented by the content of its respective registers: internal resource control registers
for internal resource circuits, the ICR for the interrupt controller, and the CCR for the CPU. When using
hardware interrupts, the program must first set values to these three register types. See "Interrupt Control

Register (ICR)" in the "Extended Intelligent 1/0 Service" section for details on the ICR.

The interrupt vector table referenced during interrupt processing is located in the memory area FFFCOOH
to FFFFFFH. The area is shared with software interrupts. Table 2.1.12 lists the alocation of interrupt
numbers and interrupt vectors.

Table 2.1.12 Allocation of Interrupt Numbers and Interrupt Vectors

Software

Interrunt Vector Vector Vector Mode Interrupt Hardware
p Address L Address M Address H Register Number Interrupt
Instruction
INT 0 FFFFFCH FFFFFDH FFFFFEH Unused #0 None
INT 7 FFFFEOH FFFFELH FFFFE2H Unused #7 None
INT 8 FFFFDCH FFFFDDH FFFFDEH FFFFDF 48 (Reset
vector)
INT 9 FFFFD8H FFFFDOH FFFFDAH Unused #9 None
INT 10 FFFFD4H FFFFD5H FFFFD6H Unused #10 | <Exception>
INT 11 FFFFDOH FFFFD1H FFFFD2H Unused g1 | Hardware
interrupt #0
INT 12 FFFFCCH FFFFCDH FFFFCEH Unused g1p | Hardware
interrupt #1
INT 13 FFFFCS8H FFFFCOH FFFFCAH Unused g3 | Hardware
interrupt #2
INT 14 FFFFCA4H FFFFC5H FFFFC6H Unused #14 | Hardware
interrupt #3
INT 254 FFFCO4H FFFCO5H FFFCO6H Unused #254 | Free
INT 255 FFFCOOH FFFCO1H FFFCO2H Unused #255 | <Stack fault>
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(3) Operation

Internal resources with a hardware interrupt function have an "interrupt request flag" that indicates
whether an interrupt request is present and an "interrupt enable flag" that selects whether or not the
resource circuit can send interrupt regquests to the CPU. The interrupt request flag is set by specific events
in the internal resource circuit. If the interrupt enable flag is set to "enabled"”, the internal resource circuit
passes the interrupt request to the interrupt controller.

The interrupt controller compares the interrupt level (IL) in the ICR for each simultaneously occurring
interrupt request, selects the request with the highest level (the lowest IL value), and notifies the CPU. If
more than one request occurs with the same level, the request with the lowest interrupt number has
priority. See Section 2.2.3 "Interrupt Vector Allocation" for details on the relationship between each
interrupt request and ICR.

The CPU compares the received interrupt level with ILM in the PS register. If the interrupt level (IL) is
lessthan ILM and the | flag in the PS register is"1", the CPU activates the interrupt processing microcode
after completing execution of the current instruction. The interrupt processing microcode first checks that
the ISE bit in the interrupt controller's ICR register is set to "0" (indicating an interrupt), then activates the
main body of interrupt processing.

After saving the A, DPR, ADB, DTB, PCB, PC, and PS registers (12 bytes) to the memory area specified
by SSB and SSP, interrupt processing reads the 3-byte interrupt vector and loads the vector to PC and
PCB, changes ILM in the PS register to the level of the received interrupt request, sets the S flag to "1",
then executes branch processing.

As aresult, the next executed instruction is the user-defined interrupt processing program.

Figure 2.1.22 shows the flow of processing from the generation of a hardware interrupt until the interrupt

request is completed by the interrupt processing program. Figure 2.1.23 shows the operation flow for a
hardware interrupt.

F2MC-16 T
bus - [PS,PCeeee ] | PS | | | | ILM | |
™ I I
i PS: Processor status
Microcode Check H Comparator | : Interrupt enable flag
(6) ILM: Interrupt level mask register

- F2MC-16L « CPU (b) | (4) IR: Instruction register
[
3
_| Internal resource |—|
—H Level InterruEt
Enable FF —] {comparator| level |
AND -
Request FF Internal | |
(8) T peripheral (2

Interrulpt
controller

Fig. 2.1.22 Steps from Generation to Release of a Hardware Interrupt
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(6)
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(8)

21 CPU

Interrupt source generated in the internal resource.

If interrupts are enabled in the internal resource by the interrupt enable bit, the interrupt request is
passed from the resource to the interrupt controller.

The interrupt controller receives the interrupt request, evaluates the priorities of any simultaneous
interrupt requests, then passes the interrupt level of the highest priority interrupt to the CPU.

The CPU compares the level of the interrupt request from the interrupt controller with ILM in the
processor status register.

If the result of comparison is that the priority is higher than for the current interrupt processing
level, the CPU then checksthe | flag in the processor status register.

If checking the | flag in step 5 indicates that interrupts are enabled, the CPU waits until the current
instruction completes executing, then sets the request level in ILM.

The CPU saves the registers, then passes control by branching to the interrupt processing routine.
The interrupt request completes when the user's interrupt processing routine software clears the
interrupt source generated in step 1.

vl Flag in CCR . .

" ILM: Interrupt level mask register in CPU

"1Y:  Internal resource interrupt request !
"IE. Interrupt enable flag for the internal resource |
"ISE: EI?OS enable ﬂag? . . .
, L Interrupt request Tevel in the internal resource ,
S Flag in the CCR '

YES
NO
Next instruction load
and decode I}!r%réjrvr\(%{s
Y
Save PS, PC, PCB, DTB, ADB, Extended intelligent I/O
DPR, and A to the SSP stack. service processing
Then set ILM = IL.

YES '

INT instruction? Software

interrupt

Save PS, PC, PCB, DTB, ADB,
DPR, and A to the SSP stack.

Normal instruction Then set | = "0".
execution
Y \
S-1

Load interrupt vector.

String instructio
Update PCB and PC.

iteration complete?2

| Update PC |

L ‘

Fig. 2.1.23 Interrupt Operation Flow
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(4) Example procedure for using hardware interrupts

(1)
(2)
(3)
(4)
(5)
(6)
(7)

(8)
(9)

(1) Set system stack area.
I
2) Initialize internal resource. Interrupt processing program
' |
Set ICR in interrupt controller. -
@) P (8) Process the interrupt
I from the internal resource.

4 Start internal resource operation.
4 Set the interrupt enable bit
to "enabled".

5 ILM d|-I he P : (7) Hardware :
(5) Set and | in the PS register. processing (10) | Interrupt return instruction (RETI)

Stack processing I
Branch to interrupt vector. | (9) Clear the interrupt source.

—

Interruptrequest |
gengratgd. (6)

Fig. 2.1.24 Example Procedure for Using Hardware Interrupts

Set the system stack area.

Initialize the internal resource that can generate interrupt requests.

Set ICR in the interrupt controller.

Set the internal resource to the operating state and set the interrupt enable bit to "enabled”.

Set the ILM and | flag in the CPU to enable the reception of interrupts.

Generation of an interrupt in the internal resource triggers a hardware interrupt request.

The interrupt processing hardware saves the registers and branches to the interrupt processing
program.

The interrupt processing program performs the necessary processing for the internal resource that
generated the interrupt.

Release the interrupt request from the internal resource circuit.

(10) Execute the interrupt return instruction and return to the previous program.
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(5) Hardware interrupt requests during a write to an internal resource area

Hardware interrupt requests cannot be received during a write to an internal resource area. This is to
prevent misoperation of CPU interrupt processing due to an interrupt request occurring during an update
of the interrupt control register in an internal resource. The internal resource area refers to the area

alocated for the control and data registers of internal resources (not the I/O addressing area between
000000H and OO00FFH).

Write instruction for
an internal resource area

—_——
. :| | MOV A, #08 | | MOV io, A | | MOV A, 2000+ | |Interruptprocessing
i i i
Interrupt request Does not branch Branches to
generated here. to the interrupt. the interrupt.

Fig. 2.1.25 Hardware Interrupt Request During a Write to an Internal Resource Area

(6) Interrupt inhibiting instructions

Some F2MC-16L instructions do not detect hardware interrupt requests. These are called interrupt
inhibiting instructions. See Table 2.1.11 for details.

(7) Multiple interrupts

The F2AMC-16L CPU supports multiple interrupts. If, during the processing of an interrupt, a second
interrupt with a higher priority level occurs, control passes to the second interrupt on completion of the

currently executing instruction. Control returns to the original interrupt processing when the higher
priority interrupt compl etes.

If aninterrupt of the same or lower priority occurs during interrupt processing, the new interrupt request is

held until the current interrupt completes processing (unless the ILM or | flag has been modified by an
instruction).

The extended intelligent 1/0 service does not support overlapping operation. Any interrupt or extended
intelligent 1/O service request that occurs during processing of the extended intelligent I/O serviceis held.
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(8) Saved registers

Figure 2.1.26 shows the order in which registers are saved on the stack.

Register save by an interrupt

- Word (16-bit)
MSB

LSB

SSP .
(Value of SSP before the interrupt)

AH

AL

DPR ADB

DTB PCB
PC

P <«— SSP .
L S (Value of SSP after the interrupt)

Fig. 2.1.26 Registers Saved on the Stack

(9) Cautions

For some internal resources, reading the control or data registers clears any interrupt request. Clearing an

interrupt source by performing aread after generation of an interrupt request but before control has passed
to the interrupt processing hardware causes misoperation.

Therefore, when using internal resources for which interrupt requests are cleared by register read
operations, do not perform register read operations when interrupts are generated.
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W Software interrupts

(1) Overview

The software interrupt function transfers control from the program currently executing in the CPU to a
user-defined interrupt processing program on execution of a special instruction. Software interrupts are
always activated by the execution of the software interrupt instruction. The CPU performs the following
processing when a software interrupt occurs.

» The A, DPR, ADB, DTB, PCB, PC, and PS registersin the CPU are saved on the system stack.
» Thel flag in the PS register is set to "0" to inhibit hardware interrupts.
 Execution branches to the corresponding interrupt vector.

Interrupt requests initiated by the software interrupt instruction (INT) do not have an interrupt request flag
or interrupt enable flag. Executing the INT instruction always generates an interrupt request.

The INT instruction does not have interrupt levels. Accordingly, the INT instruction does not modify ILM.
Instead the instruction setsthe | flag to "0" to hold any subsequent interrupt requests.

(2) Configuration

All software interrupt mechanisms are located in the CPU. The software interrupt instruction must be
executed to use a software interrupt.

As shown in Table 2.1.12, software and hardware interrupt vectors share the same area. For example,
interrupt request number INT 11 is used by both hardware interrupt #0 and software interrupt INT #11.
Therefore, hardware interrupt #0 and INT #11 call the same interrupt processing routine.

(3) Operation

On executing the software interrupt instruction, the CPU activates the software interrupt processing
microcode. After saving the A, DPR, ADB, DTB, PCB, PC, and PS registers (12 bytes) to the memory
area specified by SSB and SSP, the software interrupt processing microcode reads the 3-byte interrupt
vector and loads the vector to PC and PCB, setsthe | flag to "0" and the Sflag to "1", then executes branch
processing. As aresult, the next executed instruction is the user-defined interrupt processing program.

Figure 2.1.27 shows the flow of processing from the generation of a software interrupt until the interrupt
request is completed by the interrupt processing program.
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F2MC-16 () PS: Processor status
bus - | PS,PC---| | PS | | | S | | | I: Interrupt enable flag
ILM: Interrupt level mask register
2) IR:  Instruction register
i — IR
Microcode Fetch
F2MC-16L « CPU

Save

RAM

Fig. 2.1.27 Steps from Generation to Release of a Software Interrupt

(1) A softwareinterrupt instruction is executed.O
(2) The microcode for the software interrupt instruction saves the dedicated registers.

(3) Interrupt processing completes on execution of the RETI instruction in the user interrupt
processing routine.

(4) Cautions
When the program bank register (PCB) is FFH, the vector area for the CALLV instruction overlaps the

table for the INT #vct8 instruction. Take note of the address overlap of the CALLV and INT #vct8
instructions when developing software.
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W Extended intelligent 1/0 service (EI20S)

The EI20S function automatically transfers data between 1/0O and memory. The function provides DMA-
style I/0 data handling and replaces 1/O data handling by interrupt processing programs. The function has
the following advantages over interrupt processing.

» No data transfer program is required. This reduces total program size.

» Datatransfer does not use internal registers. Thisincreases transfer speed because register saving is not
reguired.

» The1/O can stop data transfer as required. This eliminates unnecessary data transfer.
* Incrementing or no-change of the buffer address can be selected.
* Incrementing or no-change of the I/O register address can be selected.

On completion, EI20S sets the completion conditions then automatically branches to an interrupt
processing routine. This allows the user to determine the completion conditions.

To implement EI?OS, hardware is distributed between two locations. The blocks have the following
registers and descriptors.

* Interrupt control register Located in the interrupt controller. Specifies the
ISD address.

» Extended intelligent I/O service descriptor (1SD) Located in RAM. Holds the transfer mode, 1/0
address, transfer count, and buffer address.

Figure 2.1.28 shows an overview of the extended intelligent I/O service.

Memory

space |

- Peripheral
™ | l/Oregister |- -----"-" I/O register ®)

l
CPU . . Interrupt request | (1)
-
® by ICS \
ISD > :
®) i Interrupt control register |

Interrupt controller

by BAP L 1m T (1) The 1/O requests a transfer.
(2) The interrupt controller selects the descriptor.
(3) Reads the transfer source and destination

by DCT from the descriptor.
(4) Executes transfer between 1/0 and memory.
(5) Automatically clears the interrupt source.

4) L Buffer

Fig. 2.1.28 Overview of the Extended Intelligent I/O Service

Note: The areathat can be specified by 10A is 000000H to OOFFFFH. The area that can be specified by
BAP is 000000H to FFFFFFH. The maximum transfer count that can be specified by DCT is
65536.
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B Interrupt control registers (ICROO to 15)

The interrupt control registers are located in the interrupt controller and are provided for each 1/0 that has
an interrupt function. See 2.2.3 "Interrupt Vector Allocation" for details on interrupts and ICRs. The
registers perform the following three functions.

* Setstheinterrupt level for the corresponding internal resource.

* Selects whether the corresponding internal resource uses a standard interrupt or the extended intelligent
1/0O service.

* Selects the extended intelligent 1/O service channel.

Do not access these registers using read-modify-write instructions as this can cause misoperation.

Figure 2.1.29 shows the hit structure of the interrupt control registers.

7 6 5 4 3 2 1 0
When writing to an interrupt control register (ICR
| ICS3 | ICS2 | ICS1 | |cso| ISE | IL2 | ILL | ILO | e g 0 A nterup gister (ICR)

W W W W W W W W

7 6 5 4 3 2 1 0
When reading from an interrupt control register (ICR
| - | - | S1 | S0 | ISE | IL2 | L1 | ILo | Set to XX000111s byaresetp 9 (ICR)
R R R R R R

Note: ICS3 to 0 are only meaningful when EI20S is active.
Set ISE to "1" when using EI20S and set ISE to "0" when not using EI20S.
Any values can be set to ICS3 to 0 if EI20S is not used.

Fig. 2.1.29 Interrupt Control Registers (ICR)
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[Bits2to O] ILO, IL1, IL2: Interrupt level setting bits

The interrupt level setting bits specify the interrupt level of the corresponding internal resource. The bits
are readable and writable. The hits are initialized to level 7 (no interrupt) by areset. Table 2.1.13 lists the
relationship between the interrupt level setting bits and each interrupt level.

Table 2.1.13 Correspondence Between Interrupt Level
Setting Bits and Interrupt Levels

IL2 IL1 ILO Level
0 0 0 0 (Highest interrupt level)
0 0 1 1 A
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5 Y
1 1 0 6 (Lowest interrupt level)
1 1 1 7 (No interrupt)

[Bit 3] ISE: Extended intelligent 1/O service enable bit

The EI20S enable bit. The processor activates EI20S if ISE is"1" when an interrupt occurs. If the I SE bit
is"0", the processor activates the interrupt sequence. The bit is readable and writable. The I SE bit changes
to "0" when EI20S completes (count completion or completion by the internal resource). If the internal
resource does not have an EI20OS function, set the | SE bit to "0" by software.

The ISE bitisinitialized to "0" by areset.
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Table 2.1.14 Correspondence Between ICS, Channel Number, and Descriptor Address

[Bits 7 to 4] ICS3to 0: Extended intelligent I/O service channel select bits

The EI20OS channel select bits specify the EI?OS channel. The bits are write-only. The value set in ICS
determines the address of the extended intelligent 1/0 service descriptor (I1SD). ICSisinitialized to "0000"
by areset.

Table 2.1.14 lists the correspondence between ICS, the channel number, and the descriptor address.

ICS3 ICS2 ICS1 ICSO Channel Descriptor Address
0 0 0 0 0 000100H
0 0 0 1 1 000108H
0 0 1 0 2 000110H
0 0 1 1 3 000118H
0 1 0 0 4 000120H
0 1 0 1 5 000128H
0 1 1 0 6 000130H
0 1 1 1 7 000138H
1 0 0 0 8 000140H
1 0 0 1 9 000148H
1 0 1 0 10 000150H
1 0 1 1 11 000158H
1 1 0 0 12 000160H
1 1 0 1 13 000168H
1 1 1 0 14 000170H
1 1 1 1 15 000178H
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[Bits 5, 4] S1, SO: Extended intelligent 1/0O service status

The extended intelligent 1/O service status bits can be referenced to determine the operation status and
completion status of EI20S. The bits are read-only. The bits are initialized to "00" by areset.

Table 2.1.15 lists the relationship between the S bits and EI20S status.
Table 2.1.15 S Bits and EI20S Status

S1 SO El20S Status
EI20S active or inactive

Stopped due to count completion

Reserved

Rl |O| O
R O|FL| O

Stopped by request from the internal resource

U Extended intelligent 1/O service descriptor (1SD)

The extended intelligent 1/O service descriptors are located in internal RAM between 000100H to
00017FH. 1SD consist of the following items.

 Various control data for data transfer
 Status data
 Buffer address pointer

Figure 2.1.30 shows the structure of the extended intelligent 1/O service descriptor.

Data counter (upper 8 bits) (DCTH) H
Data counter (lower 8 bits) (DCTL) 0
31/0O address pointer (upper 8 bits) (IOAH)
I/O address pointer (lower 8 bits) (IOAL)
EIOS status (ISCS)
Buffer address pointer (upper 8 bits) (BAPH)
) Buffer address pointer (middle 8 bits) (BAPM) Y
000100H + 8 " ICS
ISD top address ——— | Buffer address pointer (lower 8 bits) (BAPL) L

Fig. 2.1.30 Structure of the Extended Intelligent 1/O Service Descriptor
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O Datacounter (DCT)

A 16-bit register used as a counter for the number of data transferred. The counter is decremented by one
before each data transfer. EI20OS completes when this counter reaches zero. Figure 2.1.31 shows the
structure of the data counter.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DCTH | DCTL | . DCT (undefined after a reset)

Fig. 2.1.31 Data Counter Structure

O 1/O register address pointer (I10A)

A 16-bit register that indicates the lower 16 bits (A15 to AQ) of the address of the 1/0O register for data
transfer to or from the buffer. The upper address (A23 to A16) isall zeros. This alows 1/0 to be specified
anywhere between locations 000000H and OOFFFFH. Figure 2.1.32 shows the structure of 10A.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IOAH IOAL : 10A (undefined after a reset)

Fig. 2.1.32 Structure of the I/0 Register Address Pointer
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O EI20S status register (ISCS)

An 8-bit register that specifies whether the buffer address pointer and 1/O register address pointer are
updated or fixed, the transfer data length (byte or word), and the transfer direction. Figure 2.1.33 shows
the structure of I1SCS.

7 6 5 4 3 2 1 0
| Re. | Re. | Re. | IF | BW | BF | DIR | SE |: ISCS (indeterminate after a reset)

Re.(Reserved)

Fig. 2.1.33 ISCS Structure

The meaning of each bit is as follows.
[Bit 4] IF:  Specifies whether the 1/0 register address pointer is updated or fixed.
0:Update the 1/0 register address pointer after data transfer.
1:Do not update the 1/O register address pointer after data transfer.
Note:Only incrementing is avail able.

[Bit 3] BW: Specifiesthe data transfer length

0:Byte
1:Word

[Bit 2] BF: Specifies whether the buffer address pointer is updated or fixed.
0:Update the buffer address pointer after data transfer.
1:Do not update the buffer address pointer after data transfer.
Note: Updating changes only the lower 16 bits of the buffer address pointer.
Only incrementing is available.

[Bit 1] DIR: Specifies the data transfer direction.

0:1/0O address pointer ® Buffer address pointer
1:Buffer address pointer ® 1/0O address pointer

[Bit 0] SE: Controls completion of the extended intelligent 1/O service by request from the internal
resource.

0:Do not terminate on request from the internal resource.
1:Terminate on request from the internal resource.
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U Buffer address pointer (BAP)

A 24-bit register that stores the address to use for the next EI20S transfer. As a separate BAP is provided
for each EI20S channel, each EI?20S channel can perform data transfer to any location in the 16MB
memory space. If updating is specified by the BF bit in ISCS, the lower 16 bits only of BAP are updated
and BAPH does not change.

Figure 2.1.34 shows the structure of BAP.

232221201918 1716 151413121110 9 8 7 6 5 4 3 2 1 0
BAPH BAPM BAPL . BAP (undefined after a reset)

(RIW) (RIW) (RIW)

Fig. 2.1.34 Structure of the Buffer Address Pointer

Figure 2.1.35 shows the operation flow of EI20S. Figure 2.1.36 shows the procedure for using EI20S.
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by internal resource.

|

Interrupt request generated

|

NO

+ BAP:  Buffer address pointer
+1/OA:  1/Q address pointer [
1 I1SD: EI20S descriptor '
1ISCS:  EI20S status '
+DCT: Data counter !
' ISE: EI20S enable bit !

' S1,'S0: EI20S completion status

ISE=1
YES

| isoascsread |

Completion request from
resource

{ Interrupt sequence }

YES

YES

Data specified by IOA
g (Data transfer)
Memory specified by BAP

Data specified by BAP
g (Data transfer)
Memory specified by IOA

IF=0

YES

)

B

|

Update value is
detSrmined by BW. | Update I0A. |
- I
YES
No | |
Update value is
detgrmined by BW. | Update BAP. |

Decrement DCT.

DCT=00

-1

YES

NO

Set "00" to S1 and SO.

Clear resource interrupt
request

Return to
CPU operation.

—
—

Set "01" to S1 and SO.

Set "11" to S1 and SO.

! ]

Clear ISE to "0".

[ Interrupt sequence J

Fig. 2.1.35 EI?0OS Operation Flow
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Software processing

Set system stack area.

Initialization |

Set EI20S descriptor.

Initialize internal resource.

| Set ICR in the interrupt controller. |

Start internal resource operation.

Set the interrupt enable bit.

Set ILM and | in the PS register.

Hardware processing

y

Execute user program.

S1, S0="00’

(Inter'rupt request) and (ISE=1)

(Branch to interrupt vector.) .

!

Data transfer

!

Determine whether to branch
to interrupt on count-out or
on a completion request from
the resource.

[ YES

Y

Reset the extended intelligent
) service.
(Switch channels, etc.)

Process data in buffer.

RETI

S1, S0='01" or
S1, S0="11

Fig. 2.1.36 Procedure for Using EI?0OS
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B Exception processing
The FAMC-16L generates exceptionsin the following cases and performs exception processing.

(1) Execution of an undefined instruction

In principle, exception processing is the same as interrupt processing. When an exception is detected at an
instruction boundary, control passes from standard processing to exception processing. In general, as
exception processing occurs as a result of an unexpected operation, it is recommended that exception
processing only be used for purposes such as debugging or to activate emergency recovery software.

U Generation of an exception by execution of an undefined instruction

The FPMC-16L treats all codes not defined in the instruction map as undefined instructions. Executing an
undefined instruction triggers the same processing as executing the software interrupt instruction "INT
10". That is, AL, AH, DPR, DTB, ADB, PCB, PC, and PS are saved on the system stack, the | flag is set to
"0" and the Sflag to "1", and execution branches to the program specified by the vector for interrupt 10.
The value of PC saved on the stack contains the address of the undefined instruction. For instruction codes
of 2 bytes or more, the PC value on the stack contains the address of the code that was recognized as
undefined. Therefore, although returning by the RETI instruction is possible, thisis meaningless asit only
triggers another exception.
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2.1.5 Standby Control Register Access

The device is set to the low power modes (stop mode or sleep mode) by writing to the low power mode
control register. In this case, use one of theinstructions listed in Table 2.1.16. Correct operation cannot be
guaranteed if you change to a low power mode using an instruction other than the instructions listed in
Table 2.1.16. However, any instruction can be used on the low power mode control register when
controlling functions other than changing to alow power mode.

Always write to an even-numbered address when performing a word-length write to the low power mode

control register. Changing to a low power mode by writing to an odd-numbered address may cause
misoperation.

Table 2.1.16 Instructions to Use When Changing to a Low Power Mode

MOV o, #imm8 MOV dir,#imm8 MOV eam,#imm8 MOV eam,Ri
MOV io,A MOV dir,A MOV addrl6,A MOV eam,A
MOV @RLi+disp8,A MOVP addr24,A

MOVW io,#imm16 MOVW dir,#imm16 MOVW eam,#imm16 MOVW eam,RWi
MOVW io,A MOVW dir,A MOVW addrl6,A MOVW eam,A
MOVW @RLi+disp8,A MOVPW addr24,A

SETB io:bp SETB dir:bp SETB addrl6:bp
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2.2 Map

This section describes the allocation of memory space, I/O space, and interrupt numbers in the

MB90610A.

2.2.1 Memory Space for Each Mode

Figure 2.2.1 shows the MB90610A memory space. Only external ROM/external bus mode is available.

FFFFFFH

002000+

Address #1

000100+
0000COH

000000+

External ROM/External bus

I:I . Internal
I:I : External

[
e e == -
e e e
P m - mmm.
I -
Peripherals
F
Product Address #1
MB90611A 000500H
MB90V610A 001100H

M : No access

Fig. 2.2.1 Memory Space Allocation for Each MB90610A Mode

Note: When output of the upper address (A23 to A16) is disabled, the MB90610A series can only access
amaximum of 64KB.
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2.2.2 1/0 Map
The following shows the MB90610A 1/0 map.

Table 2.2.2 MB90610A 1/0O Map (1)

Address Register Abbreviation Access Res;r:;ce Initial Value

000000H Free Note 3

000001+ Port 1 data register PDR1 R/W* Port 1 Note 8 XIXXXXXX
000002+ Port 2 data register PDR2 R/W* Port 2 Note 7 XIXKXXXX
000003+ Port 3 data register PDR3 R/W* Port 3 Note 7 XIXXXXXX
000004+ Port 4 data register PDR4 R/W Port 4 XIXKXXXX
000005+ Port 5 data register PDR5 R/W Port 5 - = XXXXXX
000006+ Port 6 data register PDR6 R/W Port 6 11111111
000007+ Port 7 data register PDR7 R/W Port 7 = XXXXXXX
000008+ Port 8 data register PDRS8 R/W Port 8 = XXXXXXX
000009+ Port 9 data register PDR9 R/W Port 9 - = XXXXXX
00000AH Port A data register PDRA R/W Port A XXXXXXX-
888825: to Free Note 3

000011+ Port 1 direction register DDR1 R/W* Port 1 Note 8 00000000
000012+ Port 2 direction register DDR2 R/W* Port 2 Note 7 00000000
000013+ Port 3 direction register DDR3 R/W* Port 3 Note 7 00000000
000014+ Port 4 direction register DDR4 R/W Port 4 00000000
000015+ Port 5 direction register DDR5 R/W Port 5 --000000
000016+ Analog input enable register ADER R/W Port 6 11111111
000017+ Port 7 direction register DDR7 R/W Port 7 - 0000000
000018+ Port 8 direction register DDR8 R/W Port 8 - 0000000
000019+ Port 9 direction register DDR9 R/W Port 9 --000000
00001AH Port A direction register DDRA R/W Port A 0000000-
888812: to Free Note 3

000020+ Mode register 0 SMRO R/W! 00000000
000021+ Control register 0 SCRO R/W! 00000100
000022+ 'd”zﬂgtrg‘;:t;f%ﬁer 0/Output SIDRO/SODRO | RIW UARTOSCD 1 s seoo00x
000023+ Status register 0 SSRO R/W! 00001- 00
000024+ Mode register 1 SMR1 R/W! 00000000
000025+ Control register 1 SCR1 R/W! 00000100
000026H L”;;ﬂigfit;?gfter 1/Output SIDR1/SODR1 | R/W UARTL(SCD | s ook
000027+ Status register 1 SSR1 R/W! 00001- 00
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Table 2.2.2 MB90610A 1/0 Map (2)

2.2 Map

Resource

Address Register Abbreviation Access Initial Value
Name

000028+ Interrupt/DTP enable register ENIR R/W 00000000

000029+ Interrupt/DTP source register EIRR R/W DTP/External 00000000

00002AH ) ) interrupt 00000000
Interrupt level setting register ELVR R/W

00002BH 00000000

00002CH ) 00000000
AD control status register ADCS R/W!

00002DH 00000000

A/D converter

00002EH ) XHXXXXXXX
AD data register ADCR R/W! Note 4

00002FH 000000XX

000030k PPGO operation mode control | 55 RIW PPGO 000000- 1
register

000031+ PPGL operation mode control | 55 RIW PPGL 000000- 1
register

000032+ to

0000334 Free Note 3

000034+ HOXXXXXXX
PPGO reload register PRLO R/W PPGO

000035H HOXXXXXXX

000036H XXXXXXXX
PPGL1 reload register PRL1 R/W PPG1

000037H HXXXXXXX

000038+ ) 00000000
Control status register TMCSRO R/W!

000039+ 16-bit reload ----0000

00003AH _bit ti ~ _bi timer O XXXXXXXX
16 plt timer register/16-bit reload TMRO/TMRLRO | RIW

00003BH register XXXXXXXX

00003CH ) 00000000
Control status register TMCSR1 R/W!

00003D+ 16-bit reload ----0000

00003EH _bit ti ~ _bi timer 1 XXXXXXXX
16 plt timer register/16-bit reload TMRI/TMRLRL | RIW

00003FH register XXXXXXXX

000040+ to

0000434 Free Note 3

000044+ Mode register 2 SMR2 R/W! 00000000

000045+ Control register 2 SCR2 R/W! 00000100

i UART2 (SCI

000046 Input data register 2/0utput data | g\npo56pRY | RIW R
register 2

000047+ Status register 2 SSR2 R/W! 00001- 00

000048+ CS control register 0 CSCRO R/W ----0000

000049+ CS control register 1 CSCR1 R/W ----0000

00004AH CS control register 2 CSCR2 R/W ----0000

00004BH CS control register 3 CSCR3 R/W Chip select ----0000

00004CH CS control register 4 CSCR4 R/W function ----0000

00004DH CS control register 5 CSCR5 R/W ----0000

00004EH CS control register 6 CSCR6 R/W ----0000

00004FH CS control register 7 CSCR7 R/W ----0000
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Table 2.2.2 MB90610A 1/O Map (3)

Address Register Abbreviation Access Resource Initial Value
Name
000050+ Free Note 3
000051+ UARTO (SCI) machine clock CDCRO w UARTO (SCI) | ----1111
divide-by-n control register
000052+ Free Note 3
000053+ UARTL (SCI) machine clock CDCR1 w UARTL (SCI) | ----1111
divide-by-n control register
000054+ Free Note 3
000055 UART? (SCI) machine clock CDCR2 W UART2 (SCI) | ----1111
divide-by-n control register
000056+ to
00008EH Free Note 3
000090+ to
00009EH Reserved system area Note 1
Delay
00009EH Delay mterr.upt generate/ DIRR RIW mterrupF _______ 0
release register generation
module
0000A0H Low power mode control LPMCR R/W! Low power 00011000
register consumption
0000A1H Clock selection register CKSCR R/W! Low power 11111100
consumption
0000A2H to
0000AdH Free Note 3
0000A5H Auto-ready function selection | o w External pins | 0011- - 00
register
0000A6H External address output control | 5 g W External pins | 00000000
register
0000A7H Bus control signal selection ECSR w External pins | - 00* 0000
register
0000A8H Watchdog timer control register | WDTC RIW! X\r':éfhdog XXXXX111
0000A9H Timebase timer control register | TBTC R/W! :;::Ebase 1--00100
0000AAH to
0000AEH Free Note 3
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Table 2.2.2 MB90610A 1/O Map (4)

Address Register Abbreviation Access Resource Initial Value
Name

0000BOH Interrupt control register 00 ICRO0O R/W! 00000111
0000B1H Interrupt control register 01 ICRO1 R/W! 00000111
0000B2H Interrupt control register 02 ICR0O2 R/W! 00000111
0000B3H Interrupt control register 03 ICRO3 R/W! 00000111
0000B4H Interrupt control register 04 ICRO4 R/W! 00000111
0000B5H Interrupt control register 05 ICRO5 R/W! 00000111
0000B6H Interrupt control register 06 ICRO6 R/W! 00000111
0000B7H Interrupt control register 07 ICRO7 R/W! 00000111
0000B8H Interrupt control register 08 ICRO8 R/W! Interrupt 00000111
0000B9H Interrupt control register 09 ICR09 R/W! controller 00000111
0000BAH Interrupt control register 10 ICR10 R/W! 00000111
0000BBH Interrupt control register 11 ICR11 R/W! 00000111
0000BCH Interrupt control register 12 ICR12 R/W! 00000111
0000BDH Interrupt control register 13 ICR13 R/W! 00000111
0000BEH Interrupt control register 14 ICR14 R/W! 00000111
0000BFH Interrupt control register 15 ICR15 R/W! 00000111
0000COH to

0000EFH External area Note 2

Notel: Accessprohibited.

Note2: Thisistheonly external access areain the area below address 0000FFH. Access this address as
an external 1/O area.

Note3: Areas marked as "free" in the 1/O map are reserved areas. These areas are accessed by internal
access. No access signals are output on the external bus.

Note4: Only bit 15 can be written. The other bits are written to by the test function. Reading bits 10
to15 returns zeros.

Note5: TheR/W! symbol in the access column indicates that some bits are read-only or write-only. See
the resource's register list for details.

Note6: Using a read-modify-write instruction (such as the bit set instruction) to access one of the
registers indicated by R/W!, R/W*, or W in the access column sets the specified bit to the
desired value. However, this can cause misoperation if the other register bitsinclude write-only
bits. Therefore, do not use read-modify-write instructions to access these registers.

Note7: Thisregister is only available when the address/data bus is in multiplex mode. Access to the
register is prohibited in non-multiplex mode.

Note8: Thisregister isonly available when the external databusisin 8-bit mode. Accessto the register
is prohibited in 16-bit mode.

Initial values
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2.2 Map

Theinitia value for this bit is zero.

Theinitia value for this bit is one.

Theinitial value for this bit is one or zero. (Determined by the level of the MDO to 2 pins.)
Theinitia value for this bit isindeterminate.

- Thisbit isnot used. Theinitial value isindeterminate.

X ¥R o

Note:  Theinitial values listed for write-only bits are the initial values set by areset. They are not the

values returned by aread.

Also, LPMCR, CKSCR, and WDTC are sometimes initialized and sometimes not initialized,
depending on the reset type. The listed initial values are for when these registers are initialized.
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2.2 Map
2.2.3 Interrupt Vector Allocation
The following shows the interrupt vector allocation in the MB90610A.
Table 2.2.3 MB90610A Interrupt Vector Allocation
120S Interrupt vector Interrupt Control
Interrupt Register
Support
Number Address ICR Address
Reset #08 08H FFFFDCH - -
INT 9 instruction #09 09H FFFFD8H - -
Exception #10 0AH FFFFD4H - -
External interrupt #0 @) #11 0BH FFFFDOH ICROO 0000BOH
External interrupt #1 @) #13 ODH FFFFC8H ICRO1 0000B1H
External interrupt #2 @) #15 OFH FFFFCOH ICRO2 0000B2H
External interrupt #3 @) #17 11H FFFFB8H ICRO3 0000B3H
External interrupt #4 @) #19 13H FFFFBOH ICRO4 0000B4H
External interrupt #5 @) #21 15H FFFFA8H ICRO5 0000B5H
External interrupt #6 @) #23 17H FFFFAOH
_ ICRO6 0000B6H
UARTO transmit complete @) #24 18H FFFFOCH
External interrupt #7 @) #25 19H FFFF98H
. ICRO7 0000B7H
UARTL1 transmit complete @) #26 1AH FFFF94H
PPG #0 #27 1BH FFFFO0H
ICRO8 0000B8H
PPG #1 #28 1CH FFFF8CH
16-bit reload timer #0 @) #29 1DH FFFF88H
: : ICRO9 0000B9H
16-bit reload timer #1 @) #30 1EH FFFF84H
A/DC measurement complete @) #31 1FH FFFF80H ICR10 OOOOBAH
UART2 transmit complete @) #33 21H FFFF78H
- - : : ICR11 0000BBH
Timebase timer interval interrupt #34 22H FFFF74H
UART2 receive complete #35 23H FFFF70H ICR12 0000BCH
UART1 receive complete #37 25H FFFF68H ICR13 0000BDH
UARTO receive complete #39 27H FFFF60H ICR14 OOOOBEH
Delay interrupt generation module ’ #42 2AH FFFF54H ICR15 0O000BFH

Note: O indicates |20S support (no stop request), @ indicates |20S support (with stop request), and
indicates no 120S support. Do not set 120S activation in ICRXX for resources that do not

support 120S.
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2.2.4 Clock Supply Map
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— | Peripheral clock Output enable >
» | Clock input PPG:chO Timer output >
Borrow output Reload input PPGO
¢—» | Peripheral clock PPG:chl Output enable |——
» | Clock input Timer output oo
PPG1
$—> | Peripheral clock .
TINO Reload timer:chQOutput enable >
» | Event input Timer output >
TOTO
¢—> | Peripheral clock i
TINL Reload timer:ch1 output enable -
» | Event input Timer output >
TOT1
¢—» | Peripheral clock Timer input <
SCKO UART:chO
» | External clock
¢— | Peripheral clock Timer input |<——¢
SCK1 UART:chl
» | External clock
¢—— | Peripheral clock Timer input |«
SCK2 UART:ch2
» | External clock
b— | Peripheral clock Trigger input |-
A/D converter
Timebase timer
Timebase timer output (divide by 512)
Peripheral clock output - X
<« | (Divide by 2 0
Peripheral clock ( Y _) N
selection circuit Main oscillator circuit
T X1
PLL circuit - o

Fig. 2.2.2 Clock Supply Map




2.3 Parallel Ports

2.3 Parallel Ports

The MB90610A has 58 1/0 pins, 18 output pins, and 8 open drain output pins.

Ports 1 to 5 and ports 7 to A are 1/O ports. The ports are inputs when the corresponding direction register
bitis"0" and outputs when the corresponding bit is"1".

Port 1 is only available when the external data busisin 8-bit mode. Accessis prohibited in 16-bit mode.
Ports 2 and 3 are only available when the address/data bus is in multiplex mode. Access is prohibited in
non-multiplex mode.

Port 6 is an open drain port. Port 6 can only be used as a port when the analog input enable register is"0".

2.3.1 Registers

Port data registers

<& Bit No.
Address: PDR1 000001+ B 14 18 12 1 10 9 8
PDR30000034 | .- T~ -1 -1 -1 1 -1 -1 1 .-
PDR5 000005+ -}- PDR
PDR7 000007+ | PDX7 | PDX6 l PDX5 | PDx4 | PDx3 l PDx2 | PDx1 l PDX0 [——- - - X
PDR9 000009+ ..

Readiwrite = (RW) (RW) (RW) (RW) (RIW) (RW) (RW) (R/W)
niialvalue = (X)X ) 0 00 X X

Port data registers
Address: PDR2 000002+ 7 6 5 4 3 2 1 0 < Bit No.
| P

PDR4 0000041 T T P S S s T R
PDR6 000006+
Dx7 | PDX6 l PDX5 | PDx4 | PDx3 l PDx2 | PDx1 l PDX0 iJ PDRx

PDR8 000008+
PDRA 00000AH

Read/write = (RIW) (RIW) (RIW) (RW) (RW) (RW) (RMW) (RW)
Initial value = S D0 T 0 TR 0 0 N 0 N 0 W 09

Note: No register bits are provided for bits 6 and 7 of port 5.
No register bit is provided for bit 7 of port 7.
No register bit is provided for bit 7 of port 8.
No register hits are provided for bits 6 and 7 of port 9.
No register bit is provided for bit O of port A.

Port direction registers

Address: DDR1 000011n
DDR3 000013+
DDR5 000015+

4 VTS TS T P D S B e
DDRY 000017+ | DDx7 | DDx6 l DDx5 | DDx4 | DDx3 l DDx2 | DDx1 l DDx0 [——- - -
DDR9 000019+ ..
Readiwite = (RW) (RW) (RW) (RW) (RW) (RW) [RMW) (RW)
nitialvalue = () (©  (©) () (© (©  (© (0

l 15 14 13 12 11 10 9 8 < Bit No.

Port direction registers
Address: DDR2 000012+ l
| D

7 6 5 4 3 2 1 0 < BitNo.
1 - T 7 ]

Dx7 | DDx6 l DDx5 | DDx4 | DDx3 l DDx2 | DDx1 l DDx0 H DDRx

DDR4 000014+
DDR8 000018+
DDRA 00001AH

Read/write = (RIW) (RIW) (RW) (RW) (RW) (RW) (RMW) (RW)
Initial value = © © © © © © (0 (0
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2.3 Parallel Ports

Note:  Noregister bits are provided for bits 6 and 7 of port 5.
No register bit is provided for bit 7 of port 7.
No register bit is provided for bit 7 of port 8.
No register hits are provided for bits 6 and 7 of port 9.
No register bit is provided for bit O of port A.
Port 6 does not have a DDR.

Analog input enable register 15 14 13 12 11 10 9 8 ¢ Bit No.
ADER 000016+ | ADE7 |ADE6 |PADE5| ADE4 |ADE3 |ADE2 |ADE1 |ADEO | ADER

Readiwrite = (RW) (RW) (RW) (RIW) (RIW) (RW) (RW) (R/W)
Initial value = (1) o) ) o) o) ) o) o)

2.3.2 Block Diagram
M |/O ports

Internal data bus

<]

Data register read

Data register

Data register write

— > Direction register

Direction register write

Direction register read

Fig. 2.3.1 1/0O Port Block Diagram

B Open drain port (Also used as analog inputs)

Internal data bus

4:} |
Data register read ’—§ Pin
— >
Data register write
R s I

ADER register write

<]

ADER register read

RMW o
(Read-modify-write
type instruction)

Fig. 2.3.2 Open Drain Port Block Diagram
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2.3 Parallel Ports

2.3.3 Register Details
(1) PDR1, 2,3,4,5,7,8,9, A (Port data registers)
B Register layout

Port data registers
Address: PDRL ooooom} » 14 18 12 1 10 9 8 _© BitNo

PDR3000003+ | .- .-T -1 .-T .- .- -1 .-T .-
PDR5 000005+ F - -
PDR7 000007+ | PDX7 | PDX6 l PDX5 I PDx4 | PDx3 l PDx2 | PDx1 l PDX0 ——--- PDRx
PDR9 000009+ -
Readiwrte © (RW) (RW) (RW) (RMW) (RW) (RMW) (RW) (RIW)
nitalvalue = (X)X X X)X X X X

Port data registers
Address: PDR2 000002+ 7 6 5 4 3 2 1 0 < Bit No.
| P

PDR4 000004 T T T T T T T ]
PDR6 000006+
Dx7 | PDX6 l PDX5 | PDx4 | PDx3 l PDx2 | PDx1 l PDX0 [ PDRx

PDR8 000008+
PDRA 00000AH

Read/write = (RW) (RW) (RIW) (RW) (RIW) (RIW) (RW) (RIW)
Initial value = S RO N 0. M 0 N 0 NN 0 R ' R ')

Note: No register bits are provided for bits 6 and 7 of port 5.
No register bit is provided for bit 7 of port 7.
No register bit is provided for bit 7 of port 8.
No register bits are provided for bits 6 and 7 of port 9.
No register bit is provided for bit O of port A.

Port 1 is only available when the external data busisin 8-bit mode. Access is prohibited in 16-bit
mode.

Ports 2 and 3 are only available in multiplex mode. Accessis prohibited in non-multiplex mode.
B Register contents
When the pins on ports other than port 6 are not set as output pins for their respective peripherals, each pin
can be individually specified as either an input or an output by setting the direction register. When
specified asinputs, reading the data register reads the levels applied to the pins. When specified as outputs,

reading the data register reads the data register latch value. The same applies when reading as part of a
read-modify-write.

When used as control outputs, reading the data register reads the control output value, irrespective of the
direction register value.

65



2.3 Parallel Ports

Note:

Note:

Note:

Accessing these registers using a read-modify-write instruction (bit setting and similar
instructions) sets the specified bit to the desired value. However, if the other register bits include
bits set as inputs, the output register values for these bits are overwritten with the current input
values at the pins. Therefore, when switching a pin from input to output, write the desired value to
the PDR before setting the bit as an output in the DDR.

Reading and writing to 1/O ports differs from reading and writing to memory as follows.

> Input mode
Reading: Theread valueisthelevel at the corresponding pin.
Writing:  The write datais stored in the output latch. The datais not output to the pin.

> Output mode
Reading: Theread value isthe value stored in the PDR.
Writing:  Thewrite datais stored in the output latch and output to the pin.

Note that the R/W operation for port 6 differs from other ports.

Port 6 (P67 to P60) is a general-purpose 1/0 port with open drain outputs. The port shares pins
with the analog inputs. Always set the corresponding ADER bit to "0" when using as a general-
purpose port. When using port 6 as an input port, set the output data register value to "1" to turn
off the open drain output transistor and provide a pull-up resistor to the external pin. Use one of
the following two operations for reading, depending on the instruction used.

> Reading using a read-modify-write type instruction
Reads the contents of the output data register. Bits not specified by the instruction do not
change, even if the pinisforcibly drivento "0" from outside the device.

> Reading using other instructions
Reads the pin level.

When used as an output port, writing the desired value to the corresponding output data register
changes the pin value.

Reading aways returns "0" for pins for which the corresponding bit in the analog input enable
register isset to "1".
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2.3 Parallel Ports

(2) DDR1, 2,3,4,5,7,8,9, A (Port direction registers)
B Register layout

Port direction registers

Address: DDRZ 000011x B 14 18 12 1 10 9 8 ¢ BitNo
DDR30000134 | .- -1 -1 -1 -1 -1 -1 -1 .-
DDRB 000015+ - oor
DDRY 000017+ | DDX7 | DDx6 l DDx5 I DDx4 | DDx3 l DDx2 | DDx1 l DDX0 f——- - X
DDRY 000019+ <

Readiwrite = (RW) (RW) (RW) (RIW) (RIW) (RW) (RW) (R/W)
Initial value = (0) ) ) ) ) ) ) )

Port direction registers
Address: DDR2 000012+ l
| D

7 6 5 4 3 2 1 0 < BitNo.
I P D B

Dx7 | bDx6 | D5 | DDx4 | DDx3 | DDX2 | DDXL [ DDXO H DDRx

DDR4 000014+
DDR8 000018+

DDRA 00001AH
Read/write = (RIW) (RW) (RW) (RW) (RW) (RW) (RMW) (RW)
Initial value = © © © © © © (0 (0

Note:  No register bits are provided for bits 6 and 7 of port 5.
No register bit is provided for bit 7 of port 7.
No register bit is provided for bit 7 of port 8.
No register bit is provided for bit O of port A.
No register hits are provided for bits 6 and 7 of port 9.
Port 6 does not have a DDR.

Port 1 isonly available when the external databusisin 8-bit mode. Accessis prohibited in 16-bit
mode.

Ports 2 and 3 are only available in multiplex mode. Accessis prohibited in non-multiplex mode.
B Register contents
When pins are used as ports, the register bits control the corresponding pins as follows.

0: Input mode
1: Output mode

Bitsare set to "0" by areset.

(3) ADER (Analog input enable register)

Analog input enable register 15 14 13 12 11 10 9 8 < Bit No.
ADER 000016+ | ADE7 |ADE6 |PADE5| ADE4 |ADE3 |ADE2 |ADE1 |ADEO | ADER

Readiwrite = (RW) (RW) (RW) (RIW) (RIW) (RW) (RW) (R/W)
Initial value = (1) o) o) ) o) 1) o) )

B Register contents
Controls each pin of port 6 asfollows.

0: Port input mode
1: Anaog input mode
Bitsare set to "1" by areset.

Note: Inputting an intermediate level signal in port input mode causes a leak current to flow. Therefore,
set to anal og input mode when applying an analog input.
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2.3.4 Port Pin Allocation

Ports 1, 4, and 5 on the MB90610A series share pins with the external bus. The bus mode and register
settings select the pin functions. Table 2.3.1 lists the port pin alocation for each mode.

Table 2.3.1 Port Pin Allocation for Each Mode

Function
Non-Multiplex mode Multiplex mode
. External Address Control External Address Control
Fin Enable (Address) Disable (Port) Enable (Address) Disable (Port)

External Bus Width External Bus Width External Bus Width External Bus Width

8-bit 16-bit 8-bit 16-bit 8-bit 16-bit 8-bit 16-bit
o0 D00 o | DO7toD00 ADO7 to AD0O
til;églig)llg t105 Port D15 to Port D15 to Al5 to 23(1)2 o ﬁég o AD15 to
ADO8PortD15 to D08 D08 AO8 ADO08
D08
e P20IA0T | A07 to A0D AO7 to AOO

Port

N PSOALS | A15 10 A0S A15 to AO8
e PAOIAZ3 | p2310 AL6 Port A23 10 AL6 Port
ALE ALE ALE
RDX RDX RDX
P55/WRLX WRLX WRLX
P54/WRHX Port WRHX Port WRHX Port WRHX Port WRHX
P53/HRQ HRQ HRQ
P52/HAKX HAKX HAKX
P51/RDY RDY RDY
P50/CLK CLK CLK

Note: The upper address, WRLX, WRHX, HAKX, HRQ, RDY, and CLK can be set for use as ports
by function selection.
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2.4 UART 0/1/2 (SCI)

2.4 UART 0/1/2 (SCI)

UART 0, 1, and 2 are seria 1/0O ports that can be used for CLK asynchronous (start-stop synchronization)
or CLK synchronous (1/0 expansion serial) datatransfer. The ports have the following features.

* Full duplex, double buffered

* Supports CLK asynchronous (start-stop synchronization) and CLK synchronous (I/O expansion serial)
data transfer

* Multiprocessor mode
* Internal dedicated baud rate generator

CLK asynchronous:  62500/31250/19230/9615/4808/2404/1202 bps
CLK synchronous:  2M/1M/500K/250K bps

* Supports flexible baud rate setting using an external clock
* Error detect function (parity, framing, and overrun)

* NRZ type transfer signal

* Intelligent 1/0 service support

2.4.1 Registers

Serial mode register 7 6 5 4 3 2 1 0 % Bit No.

Address: ch0 0000201 - = [~ | N S5 IS NP i
ch1 000024 | MD1 | MDO l cs2 | cs1 | cso l ; |SCKE| SOE [— SMR
ch2 0000441 . - .
Readiwrite =  (RW) (RW) W) (W) (W)
Initial value = 0) ) 0) 0) )

(RW)  (RIW)

()
) © ©

Serial control register 15 14 13 12 11 10 9 8 < Bit No.
Address: ch0 000021H [~ 0 NS VLS N B EE B B SCR
¢h1 000025+ | PEN | P l SBL | cL | AID l REC | RXE l TXE [——---
ch2 60004311 =

Readwrite = (RW) (RW) (RW) (RW) (RW) (RW) (RW) (RIW)
Initial value = (0)  (0) ) ©) ) ©  © )

Input data register/ i
OUI%put data rggister o 7 ] 6 | 5 ] 4 ] 3 ] 2 ] 1 ] 0 & Bit No.
Address: cng 8888%%H .- | - s | : - l - e | - - | : = l . 0 | - o1 l - 5o ] I SIDR (read)
Cl P A
ch2 0000461 . - . SODR (write)
Read/write = (RIW) (RIW) (RW) (RW) (RW) (RW) (RW) (RW)
Initial value = ) ) X) ) X) ) X) X)
Serial status register 15 14 13 12 11 10 9 8 < Bit No.
Address: ch0 000023+ [~ [ -l .1 -1 -1 - -] -1 -] SSR
ch1 0000271 | PE | ORE l FRE |R RF|TDRE| ; | RIE l TIE ——---
ch2 000047+ <.

Read/write =&  (R) (R) (R) (R) (R)

( (RIW)  (RIW)
Initial value = (0) (0) (0) (0) @ (-

) ©

[
- L

Machine clock divide-by-n ;
control register Y 15 14 13 12 11 10 9 8 = Bt No.
Address: ch0 000051+ [~ [ - -1 .- .-[ -] -1 -1 -] CDCR
chi 000053H | ; | ; l ; | ; | DIV3 l DIV2 | DIV1 l DIVO - - -
ch2 000055+ -

Read/write =
Initial value =

w W W W

() () () ()
©) ©) () ) (€Y @ (€)) @
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2.4.2 Block Diagram

Control signal -
l » Receive interrupt (to CPU)
Dedicated baud
rate generator > SCK
~ Reload timer 0 Clock select Transmit clock Transmit interrupt (to CPU)
(internally connected) circuit -
— Receive clock
SCK ¥ ) v\
O—m . .
Receive control Transmit control
circuit circuit
SIN
¢ o " |Start bit detect circuit Transmit start circuit
Receive bit counter Transmit bit counter
> Receive parity Transmit parity
counter counter
| SOT =-—9

Rdeigg}/rﬁiﬁggurs »| Receive shifter Transmit shifter i

Receive Transmit
complete start

SIDR

. Receive error
indication signal
for EI20S (to CPU)

< F2MC-16LBUS >

I | |

— MD1 — PEN — PE

SMR [ [MO9 scrR [o|%aL ssR [ o|ORE

register register register
—|CS1 —|CL —>|RDRF
—|CSO0 —|A/D —=| TDRE
—|REC
—|SCKE —|RXE —|RIE
—»|SOE | TXE —»|TIE
Control signal

Fig. 2.4.1 Overall Block Diagram
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2.4.3 Register Details
(1) SMR (Serial mode register)

Serial mode register . 7 6 5 4 3 2 1 0 < Bit No.
Address: ch0 000020H - = | -] -1 - 5 I N ‘
ch1 000024 | MD1 | MDO l cs2 | cs1 | cso l ; |SCKE| SOE — sMR
ch2 000044 . . .
Readiwrite = (RW) (RW) W) W) W) () RW) RW)
Initial value = (0) (0) (0) (0) (0) ) (0) (0)

Notel: SMR specifies the operation mode of the UART. Set the operation mode while operation is
halted. Do not write to this register during UART operation.

Note 2: Do not use read-modify-write instructions to access the register as this can cause misoperation.

[Bits 7, 6] MD1, MDO (MoDe select):
Tese bits select the UART operation mode.

Table 2.4.1 Operation Mode Selection

Mode MD1 MDO Operation Mode
0 0 0 CLK asynchronous (start-stop synchronization) Normal mode
1 0 1 CLK asynchronous (start-stop synchronization) Multiprocessor mode
2 1 0 CLK synchronous mode
- 1 1 Prohibited setting

Note:  The CLK asynchronous mode, mode 1 (multiprocessor), is used when a number of slave CPUs
are connected to a single host CPU. Asthe UART resource cannot determine the data format of
the received data, "master" multiprocessor mode only is supported.

Also, asthe parity check function cannot be used, set the PEN bit of the SCR register to "0".
[Bits 5, 4, 3] CS2, CS1, CS0 (Clock Select):
Selects the baud rate clock source. When the dedicated baud rate generator is selected, this also selects the
baud rate.

Table 2.4.2 Clock Input Selection

CS2to CSO Clock Input

0008 to 1008 Dedicated baud rate generator
1018 Reserved
1108 Internal timer
1118 External clock

Note:  The MB90610A series has two 16-bit timers. Selecting the internal timer selectstimer 0.
CS2, CS1, and CSO are write-only. Reading always returns " 1".

[Bit 2] Free:
Accessing this bit is prohibited.
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[Bit 1] SCKE (SCLK enable):

Specifies whether to use the SCKO pin as the clock input pin or clock output pin for CLK synchronous
mode (mode 2).

Set to zero in CLK asynchronous mode or external clock mode.

0: Operate as the clock input pin.

1: Operate as the clock output pin.

Note: When using this pin as the clock input pin, external clock source operation must be selected.
[Bit O] SOE (Seria output enable):
The external pin (SOT) can aso be used as a general-purpose I/O port. This bit specifies whether to use
the pin as the serial output pin or 1/O port pin.

0: Operate as a general-purpose /O port pin.

1: Operate as a serial data output pin (SOT).

(2) SCR (Serial control register)

Serial control register 15 14 13 12 11 10 9 8 < Bit No.
. i VTS D P S P T T P
Address: ch0 000021+ SCR
¢h1 000025+ | PEN | P l SBL | cL | AID l REC | RXE l TXE [——---
chZ 000045 -
Readiwrite © (RW) (RW) (RW) (RMW) (RW) (RMW) (RW) (RIW)
Initialvalue = () (0 (@ () (0 (©  (© (0

SCR controls the transmission protocol for serial communications.
[Bit 15] PEN (Parity Enable):

Specifies whether to add a parity bit in serial data 1/O.
0: Do not use parity.
1: Use parity.

Note: Parity can only be used in the normal mode (mode 0) of CLK asynchronous (start-stop
synchronization) data transfer. Parity cannot be used in multiprocessor mode (mode 1) and
CLK synchronous data transfer mode (mode 2).

[Bit 14] P (Parity):
Specifies even or odd parity when parity is selected for data transfer.
0: Even parity
1: Odd parity
[Bit 13] SBL (Stop Bit Length):
Specifies the number of stop bits. The stop bits are the frame end mark for CLK asynchronous (start-stop
synchronization) data transfer.

0: 1 stop bit
1: 2 stop bits
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[Bit 12] CL (Character Length):

Specifies the number of data bitsin a transmit or receive frame.
0: 7-bit data
1. 8-bit data

Note: Using 7 data bitsis only available in the normal mode (mode 0) of CLK asynchronous (start-stop
synchronization) data transfer. Use 8 data bits for multiprocessor mode (mode 1) and CLK
synchronous data transfer mode (mode 2).

[Bit 11] A/D (Address/Data):
Specifies the data format for transmit and receive frames in multiprocessor mode (mode 1) of CLK
asynchronous (start-stop synchronization) data transfer.
0: Dataframe
1: Addressframe
[Bit 10] REC (Receiver Error Clear):
Writing "0" clears the SSR register error flags (PE, ORE, and FRE).
Writing "1" has no effect. Reading always returns '1".

Note: When the UART is operating and receive interrupts enabled, only write "0" to REC when one
of PE, ORE, or FRE is"1".

[Bit 9] RXE (Receiver Enable):

Controlsthe UART receive operation.
0: Disable receive operation.
1: Enable receive operation.

Note: If reception is disabled during areceive (when data is being input to the receive shift register),
the receive operation halts after reception of the frame has completed and the data is stored in
the receive data buffer register (SIDR).

[Bit 8] TXE (Transmitter Enable):
Controlsthe UART transmit operation.
0: Disable transmit operation.
1: Enable transmit operation.
Note: If transmission is disabled during a transmit (when data is being output from the transmit

register), the transmit operation halts after the transmit data buffer register (SODR) becomes
empty.
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(3) SIDR (Input data register) and SODR (Output data register)

Input data register/Output data register 7 6 5 4 3 2 1 0 < Bit No.
Address: oS 0000581 | o7 | ’ Dl6 | ’ D]5 | ’ Dl4 | ’ D|3 | ’ DIZ | ’ Dll | 50 ’J SR (read)
c H - ¢
ch2 000046+ - - . SODR (write)
Read/write = (RW) (RW) (RW) (RW) (RW) (RW) (RW) (RW)
Initial value = X) X) ) X) X) X) X) )

These registers are the receive and transmit data buffers.

The most significant bit (D7) isignored if the data length is 7 bits. Only write to the SODR register when
TDRE in the SSR register is"1". Only read the SIDR register when RDRF in the SSR register is"1".

Notel:  Writing to this address writes to the SODR register. Reading reads from the SIDR register.
Note 2: Do not use read-modify-write instructions to access the register as this can cause misoperation.

(4) SSR (Serial status register)

Serial status register 15 14 13 12 11 10 9 8 < Bit No.

Address: ch0 000023+ -] 5 -] < -] i L SSR
¢hi 000027+ | PE | ORE l FRE | RDRF | TDRE l ; | RIE l TIE F——--"
ch2 00004711 =
Read/write = (R) (R) (R R) (R) (RIW)  (RIW)
nitialvalue = () (0 (© (0 (1) )

()
()

SSR contains the flags that indicate the operation status of the UART.
[Bit 15] PE (Parity Error):
Theflag is an interrupt request flag and is set when areceive parity error occurs.
Once set, writing "0" to the REC bit (bit 10) in the SCR register clears the flag.
When thisflag is set, the datain SIDR isinvalid.

0: No parity error

1. Parity error

[Bit 14] ORE (Over Run Error):

Theflag is an interrupt request flag and is set when a receive overrun error occurs.
Once set, writing "0" to the REC bit (bit 10) in the SCR register clears the flag.

When thisflag is set, the datain SIDR isinvalid.

0: No overrun error
1: Overrun error
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[Bit 13] FRE (Framing Error):
Theflag is an interrupt request flag and is set when areceive framing error occurs.
Once set, writing "0" to the REC bit (bit 10) in the SCR register clears the flag.
When thisflag is set, the datain SIDR isinvalid.
0: Noframing error
1: Framing error
[Bit 12] RDRF (Receiver Data Register Full):
Theflag is an interrupt request flag and indicates that receive datais present in the SIDR register.
The bit is set when the receive data is loaded into the SIDR register and automatically cleared by reading
the SIDR register.
0: No receive data
1: Receive data present
[Bit 11] TDRE (Transmitter Data Register Empty):
Theflag is an interrupt request flag and indicates that transmit data can be written to the SODR register.
Writing data to SODR clears the flag. The flag is set again when the data is loaded to the transmit shifter
and transmission starts. Thisindicates that the next transmit data can be written.
0: Writing transmit data is disabled.
1: Writing transmit data is enabled.
[Bit 9] RIE (Receiver Interrupt Enable):
Controls receive interrupts.
0: Disable interrupts.
1: Enableinterrupts.

Note: Receive interrupt sources are generated by an error due to PE, ORE, or FRE as well as by
RDRF (normal receive).

[Bit 8] TIE (Transmitter Interrupt Enable):
Controls transmit interrupts.

0: Disable interrupts.

1: Enableinterrupts.

Note: Transmit interrupts are generated when a TDRE transmit request is present.
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(5) CDCR (Machine clock divide-by-n control register)

Machine clock divide-by-n control register 15 14 13 12 11 10 9 8 @ _B_it No.
Address: ch0 000051+ [~ P P P S VS S A B
ch1 000053+ | - | - l - | - | DIV3 l DIV2 | DIVL l DIV |—1—--- CDCR
ch2 000055+ T
Read/write = (-) ¢) ¢) ¢) w W W W
Initial value = ) ) ) ) 1) 1) 1) 1)

Note 1. Do not use read-modify-write instructions to access the register as this can cause misoperation.
The operating clock for the UART is obtained by dividing the machine clock. The divider is designed to
obtain specific baud rates for a range of machine clocks. The CDCR register controls the machine clock
divider.

[Bit 11, 10, 9, 8] DIV3to 0 (DIVide 3to 0)

Sets the machine clock divide ratio.

Table 2.5.3 Machine Clock Divide Ratio

DIV3 to DIVO Divide Ratio
11108 Divide by 2
1101s Divide by 3
11008 Divide by 4
1011s Divide by 5
10108 Divide by 6
1001s Divide by 7
1000e Divide by 8

Set the CDCR register bits as follows for the different machine clocks f . These settings obtain the baud
rates listed in Table 2.4.4.

Machine
Clockf

6 MHz
8 MHz
10 MHz
12 MHz
14 MHz
16 MHz
8 MHz
12 MHz
16 MHz

div DIV3 DIV2 DIVl DIVO f,div

2 MHz

4 MHz

Alw|N| o|lN|o|o| M| w
RPlRrlRrRrRr|Rr|RPr| PR
R|lR|lRr|ojlo|lo|lo|r|k
olo|r|o|o|r|r|lo|o
olr|o|lo|r|lo|lr|lo|r

When using different machine clock or div settings to those listed above, ensure that the product of f | div
does not exceed 4 MHz.
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2.4.4 Operation
(1) Operating modes
Table 2.4.3 liststhe UART operating modes. Set the SMR and SCR registers to switch between modes.

Table 2.4.3 UART Operating Modes

Mode Parity Data Length Operating Mode NSLi(r)npbgritcS)f
0 On/Off 7 CLK asynchronous (start-stop
On/Off 8 synchronization) Normal mode 1 bit or 2 bits
L Off 8+l gyLnlir?zynr:ggtri%T))ulf/l l(JSItti?pr)trc?é?;sor mode
2 Off 8 CLK synchronous mode None

However, for CLK asynchronous (start-stop synchronization) mode, the number of stop bits can only be
set for transmission. The number of receive stop bits is always one. Do not set modes other than those
listed above. The UART does not operate if an invalid mode is set.

Note: UART CLK synchronous mode uses clock control (1/0 expansion serial). No start or stop bit is
added to the datain clock synchronous mode.
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(2) UART clock selection
a) Dedicated baud rate generator
The baud rate when the dedicated baud rate generator is selected is as follows.

(i) f ,div=2MHz

Table 2.4.4 Baud Rate

cs2 | cs1 | cso | Asynchronous (start- CLK Synchronous
stop synchronization)
0 0 0 9615 (1) . )
Prohibited setting
0 0 1 31250 (2)
0 1 0 4808 (3) 1M
0 1 1 2404 500 k
1 0 0 1202 250 k

(i) f . div=4MHz

cs2 | cs1 | cso | Asynchronous (start- CLK Synchronous
stop synchronization)
0 0 0 19230 (1) o )
— - Prohibited setting
0 0 1 Prohibited setting
0 1 0 9615 (3) 2M
0 1 1 4808 1M
1 0 0 2404 500 k
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For these cases, the baud rate is calculated as follows.

(1) (f . div)/(16 ~ 13)
(2 (f . div)/2¢
©) (f . div)/(16~ 13~ 2)

(Where, f isthe machine cycle)
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b) Internal timer

Selecting the internal timer by setting "110" to CS2 to 0 sets the 16-bit timer (timer 4) to operate in reload
mode. The baud rate is calculated as follows.

CLK asynchronous (start-stop synchronization) f,N)/(16" 2" (n+1))
CLK synchronous f,N/(2 (n+1)

N: Count clock source for timer
n: Timer reload value

Table 2.4.5 lists the relationship between baud rate and reload value (hexadecimal) for a machine cycle of
7.3728 MHz.

Table 2.4.5 Baud Rate and Reload Value

Reload Value
N =21 N=23
(Machine cycle divided by 2) (Machine cycle divided by 8)
Baud Rate
38400 2 -
19200 5 -
9600 11
4800 23
2400 47 11
1200 95 23
600 191 47
300 383 95

When the internal timer (16-bit timer 0) is selected as the baud rate clock source, the TOTO output of 16-
bit timer O is connected inside the controller. Therefore, the TOTO output of 16-bit timer 0 does not have to
be connected externally to the UART external clock input pin (SCK). Also, if the output pin of timer O is
not used elsewhere, the pin can be used as an /O port pin.

c) External clock

The baud rate is calculated as follows when the external clock is selected by setting "111" to CS2 to 0.
Here, f isthe frequency.

CLK asynchronous (start-stop synchronization) /16
CLK synchronous f

The maximum external clock frequency (f) is1 MHz.
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(3) CLK asynchronous (start-stop synchronization) mode
a) Transfer data format
The UARTs only handle Non-Return-to-Zero (NRZ) type data. Figure 2.4.3 shows the data format.

SIN, SOT | | | | | | | |

0 1 0 1 1 0 0o 1 0 1 1

Start LSB MSB Stop «eereresesesssenens (Mode 0)
AID  StOp +eeereees (Mode 1)
The transfered data is 01001101s.

Fig. 2.4.3 Transfer Data Format (Mode 0 and 1)

As shown in Figure 2.4.3, the transfer data always starts from the start bit (L level data), the specified
number of data bits are transmitted L SB-first, then transmission ends with the stop bit (H level data). Input
a continuous clock signal if external clock operation is selected.

The number of data bits can be set to 7 or 8 bitsin normal mode (maode 0). In multiprocessor mode (mode
1), the number of data bits must be 8. Also parity cannot be used in multiprocessor mode. Instead, the A/D
bit is always added.

b) Receive operation
Reception operates continuously when the RXE bit (bit 9) of the SCR register is"1".

After astart bit isreceived on the receive line, one frame of dataisreceived in the data format specified by
the SCR register. After reception of the frame is complete, an error flag is set if any error occurred, then
the RDRF flag (bit 12 of the SSR register) is set. At thistime, areceive interrupt is sent to the CPU if the
RIE bit (bit 9) of the SSR register is set to "1". Check the flags in the SSR register, then read the SIDR
register if reception was normal or perform any required processing if an error occurred.

Reading the SIDR register clears the RDRF flag.

c) Transmit operation

Write the transmit data to the SODR register when the TDRE flag (bit 11) in the SSR register is"1". The
UART transmits the data if the TXE bit (bit 8) of the SCR register is"1".

The TDRE flag is set again when the data set in the SODR register is|oaded to the transmit shift register to
start transmission. The next transmit data can now be set. If the TIE bit (bit 8) of the SSR register is set to
"1", atransmit interrupt is sent to the CPU requesting input of the next transmit data to SODR.

Setting data to the SODR register clears the TDRE flag.
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(4) CLK synchronous mode
a) Transfer data format

The UARTs only handle Non Return to Zero (NRZ) type data. Figure 2.4.4 shows the relationship
between the transmit/receive clock and the data.

SODR write |_|

Mark
RXE, TXE | ' ' ' ' ' : ' '
SIN, SOT - | l - | : | |
'1.0.1.1.0.0:.:1.0
LSB MSB ceereereneennennns (Mode 2)
The transfered data is 01001101s.

Fig. 2.4.4 Transfer Data Format (Mode 2)

When an internal clock is selected (dedicated baud rate generator or internal timer), the synchronizing
clock for data reception is automatically generated when transmitting data.

When an external clock is selected, exactly one byte of clock signal must be supplied after checking that
datais present in the transmit data buffer (SODR register) of the transmitter UART (the TDRE flag is"0").
Note that SCLK must be at the mark level before starting transmission and after transmission is compl ete.

Only 8-bit data can be used and parity is not available. As no start or stop bits are used, the only error that
can be detected is an overrun error.
b) Initialization

The following lists the settings for each control register when using CLK synchronous mode.

(1)SMR register

MD1, MDO: "10"
CS2, CS1, CSO: Specify the clock input.
SCKE: When the dedicated baud rate generator or internal timer isused: "1"
When an external clock isused: "0"
SOE: When transmitting: "1"
When receiving only: "0"
(2)SCR register
PEN: "0
P, SBL, A/D: These bits have no meaning.
CL: "1
REC: "0" (for initialization)
RXE, TXE: Set at least one of theseto "1".
(3)SSR register
RIE: Set "1" to use interrupts. Set "0" for no interrupts.
TIE: "0
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c) Starting communications

Writing to the SODR register starts communications. Note that temporary data must be written to the
SODR register, even if not performing transmission.

d) Ending communications

The RDRF flag in the SSR register changesto "1" to confirm the end of communications. Check the ORE
bit in the SSR register to determine whether communication was performed correctly.

(5) Interrupt generation and flag set timings
The UARTSs have five flags and two interrupts sources.

The five flags are PE, ORE, FRE, RDRF, and TDRE. PE indicates a parity error, ORE an overrun error,
and FRE a framing error. These flags are set if a receive error occurs and are cleared by writing "0" to
RED in the SCR register. RDRF is set when receive data is loaded into the SIDR register. Reading SIDR
clears RDRF. Note that the parity detect function is not available in mode 1 and the parity and framing
error detect functions are not available in mode 2. TDRE is set when the SODR register becomes empty
and available for writing. Writing to the SODR register clears TDRE.

The two interrupts are the receive and transmit interrupts. For reception, the PE, ORE, FRE, and RDRF
flags request an interrupt. For transmission, the TDRE flag requests an interrupt. The following describes
the interrupt flag set timings for each operating mode.

a) Receive operation in mode 0

The PE, ORE, FRE, and RDRF flags are set and an interrupt request to the CPU generated when the final
stop bit is detected indicating the end of reception. The datain SIDR isinvalid when either the PE, ORE,
or FRE bit is active.

Data D6 >< D7 >/ Stop | :
PE, ORE, FRE |-

RDRF |
Receive interrupt |

Fig. 2.4.5 ORE, FRE, and RDRF Set Timing (Mode 0)

b) Receive operation in mode 1

The ORE, FRE, and RDRF flags are set and an interrupt request to the CPU generated when the final stop
bit is detected indicating the end of reception. As only 8 data bits can be received, the final ninth bit
containing the address/dataindicator is not valid. The datain SIDR isinvalid when either the ORE or FRE
bit is active.
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>< o/ Address \{ .
Data \ D7 '\ /data >/ Stop |
ORE, FRE | '

RDRF !
Receive interrupt |

Fig. 2.4.6 ORE, FRE, and RDRF Set Timing (Mode 1)

c) Receive operation in mode 2

The ORE and RDRF flags are set and an interrupt request to the CPU generated when the final data bit
(D7) is detected indicating the end of reception. The datain SIDR isinvalid when the ORE bit is active.

Data >< D5 X D6 X D7 -
ORE L

RDRF |
Receive interrupt |

Fig. 2.4.7 ORE and RDRF Set Timing (Mode 2)

d) Transmit operation in mode 0 and mode 1

Writing data to the SODR register clears TDRE. TDRE is set and an interrupt request to the CPU
generated when the data written in the SODR register is transferred to the internal shift register and the
next data is able to be written to SODR. Writing "0" to TXE (also to RXE in mode 2) in the SCR register
during transmission disables transmission operation after TDRE in the SSR register goes to "1" and the
transmit shifter stops. If "0" is written to TXE (also to RXE in mode 2) in the SCR register while
transmission is in progress, the data written to the SODR register before transmission was halted is
transmitted.

SODR write | | |_|
TDRE | | | |
SOUT interrupt | | | |

SOT output | ST| D0| D1|D2|D3|D4| D5|D6|D7 |§/F’DI SP|ST |D0|D1 |D2 | D3
ST: Startbit DO to D7: Data bits SP: Stop bit A/D: Address/data multiplexer

Fig. 2.4.8 TDRE Set Timing (Mode 0, 1)
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2.4.5

2.4.6

SODR write | | |_|
TDRE | | |

g Interrupt request to the CPU

SOT interrupt | | | |

SOT output |D0|D1|D2|D3|D4|D5|D6|D7|D0|D1|D2|D3|D4|D5|D6|D7

DO to D7: Data bits

Fig. 2.4.9 TDRE Set Timing (Mode 2)

(6) EI2OS (Extended intelligent I/O service)
See Section 3.3.2 "EI20S" for details on EI20S.

Cautions

Set the communication mode when operation is halted. Data transmitted or received during mode setting
cannot be guaranteed.

Application Example

Mode 1 is used when a number of slave CPUs are connected to a host CPU (see Figure 2.4.10). This
resource only supports the host-side communication interface.

SO »
S| |=
Host CPU T T
SO SI SO Si
Slave CPU #0 Slave CPU #1

Fig. 2.4.10 Example System Configuration Using Mode 1

Communication starts with the host CPU transmitting address data. Address data is data transmitted with
the A/D bit in the SCR register set to "1". The address selects the slave CPU with which to communicate
and enables communication with the host CPU. Normal data is data transmitted with the A/D bit in the
SCR register is set to "0". Figure 2.4.11 shows a flow chart of operation in this mode.

As the parity check function is not available in this mode, set the PEN bit in the SCR register to "0".
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(Host CPU)

C START >
v

Set the transfer mode to 1.

>
L

i

Set the slave CPU selection in DO to
D7.
Set A/D to "1".

Set A/D to "0".

!

Enable receive operation.

Y
Perform communications
with the slave CPU.

Y

NO

Communications
complete?

Perform communications
with another slave CPU?

Disable receive operation.

A

Fig. 2.4.11 Communication Flowchart for Mode 1 Operation
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode)

The 10-bit 8-input A/D converter converts analog input voltages to digital values. The A/D converter has
the following features.

» Conversion time: Minimum of 6.13 nrs per channel (98 machine cyclesfor a16 MHz
machine clock - including sample and hold time)
» Sample and hold time: Minimum of 3.75 s per channel (60 machine cyclesfor a16 MHz

machine clock)
» Uses RC-type successive approximation conversion with a sasmple-and-hold circuit.
* 10-hit or 8-bit resolution
* Eight program-selectable analog input channels

Single conversion mode; Selectively convert asingle channel.

Scan conversion mode: Continuously convert multiple channels. Maximum of 8 program-
selectable channels.

Continuous conversion mode: Repeatedly convert specified channels.

Stop conversion mode: Convert one channel then halt until the next activation. (Enables

synchronization of the conversion start timing.)
* An A/D conversion completion interrupt request to the CPU can be generated on the completion of A/D
conversion. Thisinterrupt can activate 120S to transfer the result of A/D conversion to memory and is

suitable for continuous processing.
* Activation by software, external trigger (falling edge), or timer (rising edge) can be selected.

2.5.1 Registers

Control status register (upper) 15 14 13 12 11 10 9 8 <& Bit No.
Address:  00002DH |Busy| INT | INTE |PAUS | STS1 | STSO |STRT Reservedl ADCS1

Readiwrite = (RW) (RW) (RW) (RW) (RW) RW) W) ()

Initialvalue = ()  (0) (@ () (0 (0 © )
Control status register (lower) 7 6 5 4 3 2 1 0 < Bit No.
Address; 00002CH | MD1 | MDO |AN82 |ANSl |ANSO |ANE2 |ANE1 |ANEO | ADCSO0
Read/write =  (RW) (RW) (RW) (RMW) (RW) (RW) (RW) (RW)
Initial value <> © (© © © (©0 (© (© (0
Data register (upper) 15 14 13 12 11 10 9 8 < Bit No.
Address: 00002F+ | S10 | ] | ] | ] | ] | ] | D9 | D8 I ADCR1
Readiwrite = (RW) (R) (R) (R (® ® (® ®
Initalvalue & (@) (0 (© © (© © )
Data register (lower) 7 6 5 4 3 2 1 0 < Bit No.
Address: 00002E | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | ADCRO
Read/write = (R) (R) (R) (R) (R) (R) (R) (R)
Initial value <> S e I I I e D I o4
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2.5.2 Block Diagram

2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode)

AVCC

AVR
AVSS

D/A converter

MPX
ANO —
AN1 — 3
ANZ —| = | oLl
AN3 —=| £ : :
AN4 —=| B ' '
c

AN5 —3=

1
ANG —= :
AN7 — > ' /1
: 7

Comparator

Sample-and-hold circuit

7N\

Successive
approximation register

Data register fr—
Decoder
ADCRO, 1
A/D control register 1 I
A/D control register 2
Trigger activation ADCRO, 1
ATGX
Timer activation
Timer . lock
(Reload timer 1 output) Operating cloc
Peripheral clock » Prescaler
Fig. 2.5.1 Block Diagram

Data bus
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode)

2.5.3 Register Details
(1) ADCS1, 0 (Control status register)
B Register layout

Control status register (upper) 15 14 13 12 11 10 9 8 <& Bit No.
Address:  00002Dw |BUSY| INT | INTE |PAUS | STS1 | STSO | STRT | Reserved ADCS1
Readiwrite = (RW) (RW) (RW) (RW) RW) RW) W) ()
nitialvalue = () ©  (©) (© (© (© (© (0
Control status register (lower) 7 6 5 4 3 2 1 0 < Bit No.
Address; 00002CH | MD1 | MDO |AN82 |ANSl |ANSO |ANE2 |ANE1 |ANEO | ADCSO0

Read/write = (RIW) (RIW) (RIW) (RW) (RW) (RW) (RMW) (RIW)
Initial value = © © © © © © (0 (0

B Register contents
Notel: This register is used for control and status indication for the A/D converter. Do not modify
ADCSO0 during A/D conversion.

Note 2: Do not access this register using read-modify-write instructions as this can cause misoperation.

M Bit meanings

[Bit 15] BUSY (Busy flag and stop)

Onreading:  A/D converter operation indication bit. Set on activation of A/D conversion and cleared on
completion.

Onwriting:  Writing "0" to this bit during A/D conversion forcibly terminates conversion. Use to
forcibly terminate in continuous and stop modes.

Writing "1" to this bit has no effect. RMW instructions read a value of "1". Cleared on the completion of

A/D conversion in single conversion mode. In continuous and stop mode, the flag is not cleared until

conversion is terminated by writing "0". Initialized to "0" by areset.

Note: Do not specify forcible termination and software activation (BUSY="0" and STRT="1") at the
same time.

[Bit 14] INT (Interrupt)

Dataindication bit. Thisbit is set when conversion datais stored in ADCR. When INTE (bit 13) is"1", an
interrupt request is generated when this bit is set. When 120S activation is enabled, 120S is activated.
Writing "1" has no meaning. The bit is cleared by 120S data transfer or by writing "0" to the bit from the
CPU. Thebitisinitialized to "0" by areset.

Note: Only clear thisbit (by writing "0" from the CPU) while conversion is halted.
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode)

[Bit 13] INTE (Interrupt enable)

This bit enables or disables the conversion completion interrupt.
0: Disable interrupt
1. Enableinterrupt

Always set this bit when using 120S. Generation of an interrupt request activates 120S.
Initialized to "0" by areset.

[Bit 12] PAUS (A/D converter pause)
Thisbit is set when A/D conversion temporarily halts.

The A/D converter has only one register to store the conversion result. Therefore, in continuous
conversion mode, the previous conversion result is lost when the next conversion result is stored in the
register if the previous data has not been read by the CPU. To avoid this problem when using continuous
conversion mode, use 120S to transfer the conversion result to memory automatically after each
conversion is complete. However, there may be cases when transfer of the conversion data does not occur
before completion of the next conversion (for example, if multiple interrupts occur). Thisbit is provided to
deal with such cases. The hit is set from the time conversion completes until the content of the data register
istransferred by 120S. This halts A/D conversion during this period and prevents the next conversion data
from being stored in the register. The A/D converter then automatically restarts after completion of data
transfer by 120S. This bit is only meaningful when 120S is used. The bit isinitialized to "0" by areset.

[bits 11, 10] STS1, STSO (Start source select)

These bits select the A/D activation source. Initialized to "00" by areset.

Table 2.5.1 STS Bit Settings
STS1 STSO Function

Software activation
Software activation and external trigger pin activation

Software activation and timer activation

Software activation, external trigger pin activation, and timer
activation

In multiple-activation modes, the first activation to occur starts A/D conversion. The activation source
changes immediately on writing to the register. Therefore, when switching activation modes during A/D
operation, switch the mode while the new activation source is not active.

Setting the external trigger pin as an activation source when the external trigger input level is"L" may start
A/D conversion.

[Bit 9] STRT (Start)

Writing "1" to this bit starts A/D operation. Write "1" again to restart conversion. Restarting does not
function in stop mode. Initialized to "0" by areset.

Note: Do not specify forcible termination and software activation (BUSY="0" and STRT="1") at the
sametime.
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode)

[Bit 8] Test bit
Test bit. Alwayswrite"0" to this bit.
[Bits 7, 6] MD1, MDO (A/D converter MoDe set)

These bits set the operation mode. Table 2.5.2 lists the available modes.

Table 2.5.2 MD Bit Settings

MD1 MDO Operation Mode

0 0 Single conversion mode. Re-activation during operation is always
available. (Initial value)

0 1 Single conversion mode. Re-activation during operation is not
available.

1 0 Continuous conversion mode. Re-activation during operation is not
available.

1 1 Stop mode. Re-activation during operation is not available.

Single conversion mode: Performs one A/D conversion for each channel from the start to the end

channel, then halts. ANS2 to ANSO specifies the start channel and ANE2
TO ANEQO specifiesthe end channel.

Continuous conversion mode: Repeatedly performs A/D conversion for the start to end channels. ANS2
to ANSO specifies the start channel and ANE2 to ANEO specifies the end
channel.

Stop mode: Performs one A/D conversion each time for the start to end channels.
Halts temporarily after each conversion and re-activates when a trigger
occurs. ANS2 to ANSO specifies the start channel and ANE2 to ANEO
specifies the end channel.

» When A/D conversion is activated in continuous mode or stop mode, conversion
operates continuously until stopped by the BUSY hit.

» Write"0" to the BUSY bhit to stop conversion.

* When re-activation is not available in single, continuous, or stop mode, this
appliesto activation by timer, external trigger, and software.
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode)

[Bits 5, 4, 3] ANS2, ANS1, ANSO (ANalog Start channel set)

These bits set the start channel for A/D conversion. Activating the A/D converter starts A/D conversion
from the channel specified by these bits.

Table 2.5.3 Conversion Start Channel Setting by the ANS Bits
ANS2 ANS1 ANSO Start Channel
ANO
AN1
AN2
AN3
AN4
AN5
ANG
AN7

PRI FPIPIOIO|IO|O
PP O|IO(FR|FL,|O|O
P O|lFRP|IO|(FR|O|F|O

Reading these bits during A/D conversion reads the channel number currently being converted. Reading
these bits while A/D conversion is halted in stop mode reads the most recently converted channel.
Initialized to "000" by areset.

[Bits 2, 1, 0] ANE2, ANE1, ANEO (ANalog End channel set)

These bits set the end channel for A/D conversion. Activating the A/D converter performs A/D conversion
up to the channel specified by these bits.

Table 2.5.4 Conversion End Channel Setting by the ANE Bits
ANE2 ANE1 ANEO End Channel
ANO
AN1
AN2
AN3
AN4
AN5
ANG
AN7

RPIFPIFPIPIOIOlIO|O
PP O|IO(FR|FL|O|O
P O|lFRP|IO|(FR,|O|FrL|O

Setting the same channel as ANS2 to ANSO specifies conversion for that channel only. In continuous or
stop mode, conversion is performed up to the channel specified by these bits. Conversion then starts again
from the start channel specified by ANS2 to ANSO. If ANS > ANE, conversion starts with the channel
specified by ANS, continues up to AN7, starts again from ANO, and ends with the channel specified by
ANE. The following shows an example.

Example: Channel setting ANS = 6¢ch, ANE = 3ch, single conversion mode

Operation Conversion channel 6ch® 7ch® Och® 1ch® 2ch® 3ch

Initialized to "000" by areset.
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode)

(2) ADCR1, ADCRO (Data registers)
B Register layout

Data register (upper) )
(For 10-bit mode) 15 14 13 12 11 10 9 8 < Bit No.

Address:00002FH |510| ] | ] | ] | ] | ] |D9 | D8 r ADCR1

Read/write = (R/W) (R) (R) (R) (R) (R) (R) (R)
Initial value = 0) 0) 0) 0) 0) 0) X) X)

Data register (upper)

(For 8-bit mode) 15 14 13 12 11 10 9 8 < BitNo.
Address:00002F+ | S10 | ] | ] | ] | ] | ] | ] | ] I ADCR1
Read/write = (R/W) () ) ) ) ) ) )
Initial value = (0) ) ) ) ) ) ) )
Data register (lower) 7 6 5 4 3 2 1 0 < Bit No.
Address:00002E+ | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | ADCRO
Read/write = ® ® ® ® ® ® ® ®
Initial value R I D T e T e )

B Register contents

These registers store the digital result of A/D conversion. The resolution of the conversion result is 10 bits
when bit S10is"0" and 8 bitswhen bit S10is"1". ADCR1 stores the upper 2 bits of the conversion result
and ADCRO stores the lower 8 bits. The D9 to DO value is updated at the completion of every conversion.
The registers normally hold the previous conversion value. Other than S10, the register values after areset
areindeterminate. S10 isinitialized to "0" by areset.

Reading bits 15 to 10 of ADCR1 aways returns "0" in 10-bit mode. In 8-bit mode, all contents of ADCR1
are undefined and the result is stored in ADCRO.

Only write to S10 before conversion, when A/D operation is halted. Writing to S10 after conversion
causes the contents of ADCR to become indeterminate.
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode)

2.5.4 Operation

The A/D converter operates using the successive approximation method with 10 or 8-bit resolution. As
only one 16-bit register is provided to store conversion results, the previous conversion data is lost each

time conversion completes. Therefore, 120S must be used to successively transfer conversion data to
memory when using continuous conversion mode.

The following describes the operating modes.

93



2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode)

B Single conversion mode

In this mode, the A/D converter converts each analog input channel from the start channel specified by
ANS to the end channel specified by ANE. Conversion completes on reaching the end channel and A/D
operation halts. When the start and end channels are the same (ANS = ANE), conversion is only
performed for the channel specified in ANS.

Examplel: ANS="000", ANE="011"
= Start® ANO® AN1® AN2® AN3® End

Example2: ANS="010", ANE ="010"
= Start® AN2® End

® | 20S activation example in single conversion mode
» Convert analog inputs AN1 to AN3, then end.

*» Sequentially transfer the conversion data to locations 200H to 205H.
* Activate by software.
* Maximum interrupt priority level

U Setting 120S
> Set ICR in the interrupt controller.
MOV ICR10, #O8H .......ccocerirrrrerieiririensiesesieeeene 0)
D> Set the 120S descriptor.
MOV BAPL, #O0H .......ccvvveiiiiiieeiiiiiee e @
MOV BAPM, #02H........cccorrrirriininnenesieeiene ©)
MOV BAPH, #00H ........cccoovrriirereenseeseeee ®
MOV ISCS, #18H ....ccooviiririirerireesee e ®
MOV IOAL, #2EH ..o ®
MOV IOAH, #O0H .....ccooeireirreeeeere e ®
MOV DCTL, #O3H ....cceiriireerieereeeeeese e @
MOV DCTH, #O0H ......ccriireenieerieeseseeseeee @
U Set the A/D converter.
MOV ADCSO, #OBH........coceeireireinrienesieeee
MOV ADCSL, #A2H ..o C)

U Other processing

U 120S completion interrupt sequence

MOV ADCS1,#80H
= I ST ©
Q) Set maximum interrupt priority, specify 120S activation by the interrupt, and set the

descriptor address.
(2)(3)(4) Set the destination address for the conversion data.

5 Set word data transfer, increment the destination address after each transfer, and transfer
from 1/0O to memory.

(6) Set the A/D converter result register.

@) Perform 120S data transfer three times (same as the number of conversions).

(8 Set single conversion mode, start channel AN1, and end channel AN3.
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9 Specify software activation. Start A/D conversion.

2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode)

(20) Return from interrupt.

ICR10:

BAPL:

BAPM:
BAPH:

ISCS:.

[/OAL:
I/OAH:
DCTL:
DCTH:

Activation start

Interrupt control register
Buffer address pointer (lower)
Buffer address pointer (middle)
Buffer address pointer (upper)
120S status register

I/O address register (lower)

I/O address register (upper)
Data counter (lower)

Data counter (upper)

AN1® Interrupt ® 120S data transfer
4 ;

AN2®

3 :
AN3® Interrupt ® 120S data transfer
@ '
End

' Interrupt sequence

|— Parallel processing J
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode)

96

B Continuous conversion mode

In this mode, the A/D converter converts each analog input channel from the start channel specified by
ANS to the end channel specified by ANE. On reaching the end channel, A/D conversion operation returns
to the ANS analog input and the cycle starts again. When the start and end channels are the same (ANS =
ANE), conversion is performed continuously for the channel specified in ANS.

Examplel: ANS="000", ANE="011"
= Stat® ANO ® AN1 ® AN2 ® AN3 ® ANO - - » Repeat

Example2: ANS="010", ANE ="010"
= Start ® AN2 ® AN2 ® AN2 - - » Repeat

In continuous mode, conversion repeats continuously until "0" is written to the BUSY bit. Writing "0" to
the BUSY bit forcibly terminates operation.

Forcibly terminating operation halts the A/D converter mid-conversion and the value being converted at
the time cannot be obtained. Theresultin ADCR is the most recent conversion value prior to halting.

W | 20S activation example in continuous conversion mode
» Convert analog inputs AN3 to AN5 and collect two conversion data for each channel.

» Sequentially transfer the conversion data to locations 600H to 60BH.
* Activate by an external edge input.
* Maximum interrupt priority level

0 Setting 120S
>Set ICR in the interrupt controller.
MOV ICRI0H08H .......cooveereeeeveseeesresseeeneessnnons 1)
D> Set the I20S descriptor.
MOV BAPL HO00H.............cooveemmreemressreesneeesessnnnns )
MOV BAPM HO6H..........ooooveeeeeesreeesresseesneessnnnne ©)
MOV BAPHH00H .........ooooveeieresreesresnresnesnnnnne (4)
MOV ISCSHLIBH ... (5)
MOV TOAL H2EH ... (6)
MOV TOAHHOOH ..o (6)
MOV DCTL HOBH .....ooovereeeeeesreeseesneesneesennone 7
MOV DCTHHOOH .....veoveoeeeeeeeeseeeee s 7
U Set the A/D converter.
MOV ADCSOHIDH ....coooeeeeerreeseeseeesnesennone (8)
MOV ADCSLHALH ... )

U Other processing

U 120S completion interrupt sequence
MOV ADCSLHB0H ......cccevvvereeeiene e (10)
RETI
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode)

D Set maximum interrupt priority, specify 120S activation by the interrupt, and set the descriptor
address.

(2)(3)(4)Set the destination address for the conversion data.

5 Set word data transfer, increment the destination address after each transfer, and transfer from
[/O to memory.

(6) Set the source address for data transfer.

@) Perform 120S data transfer six times (3ch x 2 data transfers).

(8 Set continuous conversion mode, start channel AN3, and end channel ANS.

(©)] Specify external edge activation. Start A/D conversion.

(10)  Return from interrupt.

Activation start

v
AN3® : Interrupt ® [20S datatransfer —
4 ;
' 2
A£\|4® : Interrupt ® 120S data transfer ¢ After six data transfers
AN5®  |20S datatransfer — Interrupt sequence
4
End
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode)

W Stop mode

In this mode, the A/D converter converts each analog input channel from the start channel specified by
ANS to the end channel specified by ANE. However, conversion operation temporarily halts after each
conversion. The next trigger received releases the temporary halt. On reaching the end channel specified
by ANE, operation returns to the ANS analog input and the cycle starts again.

When the start and end channels are the same (ANS = ANE), conversion is only performed for the channel
specified in ANS.

Examplel: ANS="000", ANE="011"
= Start® ANO® halt® activate® AN1® halt® activate® AN2® halt® activate ®
AN3® hat® activate® ANO - - *» Repeat

Example2: ANS="010", ANE ="010"
= Start® AN2® hat® activate® AN2® halt ® activate® AN2 -- = Repeat

The available activation sources are the sources set in STS1, 0. This mode can be used to synchronize the
conversion start timing.

® |20S activation example in stop mode
» Convert analog input AN3 twelve times at fixed intervals.

» Sequentially transfer the conversion data to locations 600H to 617H.
* Activate by an external edge input.
* Maximum interrupt priority level

O Setting 120S
PSet ICR in the interrupt controller.
MOV ICR10H08H .......ccooviiiiieieeec e )
DSet the 120S descriptor.
MOV BAPLH#OOH........ccoieiieieee e @
MOV BAPM HOBH.........cocceeeiiiiiec e ©)
MOV BAPHHOOH ..ot @)
MOV [SCSHL8H .....cooviiiiiiiee e ®
MOV [OALHZ2EH ... ®
MOV [OAHHOOH .......ccooivieiiieieee e ®
MOV DCTLHOCH ..o @
MOV DCTHH#OOH ..ot @
U Set the A/D converter.
MOV ADCSO#DBH.......ccceiiiiiicii e
MOV ADCSLH#ALH ... ©)

U Other processing

U 120S completion interrupt sequence
MOV ADCSLHB0H ......cccovvvrieeeiene e ©
RETI
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode)

Q) Set maximum interrupt priority, specify 120S activation by the interrupt, and set the
descriptor address.
(2)(3)(4) Set the destination address for the conversion data.

5 Set word data transfer, increment the destination address after each transfer, transfer from 1/O
to memory, and termination on a request from the resource.
(6) Set the source address for data transfer.
@) Perform 120S data transfer twelve time.
(8 Set stop mode, start channel AN3, and end channel AN3 (single-channel conversion).
9 Specify external edge activation. Start A/D conversion.
(20) Return from interrupt.
Y
Activation start=> AN3® : Interrupt ® [20S datatransfer ———
@ '
HE” After twelve data transfers
Activate on external edge Interrupt sequence
4
End
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode)

W Conversion operation using 120S

The following shows an example using continuous mode. The example shows the steps from A/D
conversion activation to conversion data transfer.

Activate A/D conversion

)

Sample and hold

l Activate 120S

Conversion > Data transfer

y

Conversion complete <%—> Interrupt processing
Y

Generate interrupt Clear interrupt

“ Depends on the I20S setting.

Fig. 2.5.2 1°0OS Example
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode)

B Conversion data protection function

A feature of the A/D converter is the conversion data protection function which uses 120S to perform
continuous conversion and save multiple data.

The A/D converter has only one conversion data register. Therefore, when continuous A/D conversion
saves the new conversion data at conversion completion, this overwrites the previous conversion data. To
protect the previous data, the A/D converter has a function to temporarily halt the A/D converter and
prevent conversion data being written to the register (even if conversion has already completed) until the
previous data has been transferred to memory by 120S.

The temporary halt rel eases after 120S transfers the data to memory.
If the previous data has already been transferred, the A/D converter continues without atemporary halt.
Note: Thisfunction dependson the INT and INTE bitsin ADCS1.
The data protect function only operates when interrupts are enabled (INTE ="1").
The function does not operate when interrupts are disabled (INTE ="0"). In this case, performing
continuous A/D conversion continuously overwrites the register data with new conversion results.
Note that the INT bit is not cleared when interrupts are enabled (INTE ="1") but I20Sis not used.
As aresult, the data protection function causes the A/D converter to temporarily halt. In this case,
use the interrupt sequence to clear the INT bit and release the halt.
The A/D converter re-starts if interrupts are disabled during 120S operation when the A/D
converter is temporarily halted. This may result in the conversion data register contents changing

before data transfer occurs.

Also, the data waiting to be written to the register islost if an activation is received while the A/D
converter istemporarily halted.
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode)

102

Set I20S

1

Activate continuous
A/D conversion

!}

First conversion
completes

i

Save in data register

The flowchart omits the case when A/D converter operation is stopped.

Note: The data waiting to be written to the register is lost if an activation is
received while the A/D converter is temporarily halted.

\

Second conversion
completes

v

120S complete?

Save in data register

YES

\

Activate 120S

A/D temporary halt

Note

l

A
Third conversion

120S complete?

completes

'

v Continue

All conversions

»| Activate 120S

» | Activate I20S

complete

End -

NO

Interrupt routine

#A/D halt

Fig. 2.5.3 Data Protection Function Flowchart Using 120S

Note: When setting the A/D converter to be activated by an external trigger or internal timer, set the
external trigger or internal timer input value to inactive when setting the start source select bits

(STS1, 0) inthe ADCSL register. If the input is active, the A/D converter may start to operate.

Set ADTRG ="1" to the input state and internal timer (16-bit reload timer 1) = "0" to the output
state when setting STS1, 0.
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode)

2.5.5 Other Points to Note
Always set the corresponding ADER bit to "1" for each analog input pin used.

Analog input enable register 15 14 13 12 11 10 9 8 <& Bit No.
ADER 000016 H |ADE7 |ADE6 |ADE5 |ADE4 |ADE3 |ADE2 |ADE1 |ADEO r ADER

Readiwrite = (RW) (RW) (RW) (RMW) (RW) (RW) (RW) (RW)
Initial value = (1) ) ) ) o) o) ) 1)

Controls each pin of port 6 as follows.
0: Port input mode
1: Analog input mode

Initialized to "1" by areset.

Note:  Set to analog input mode when inputting an analog signal. Inputting an intermediate level signal to
apin set as an input port causes aleak current to flow.

Note: The ATGX pin is shared with other functions. Unless done intentionally, halt input (INT7) to the
pin from other functions.
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26 PPG

2.6 PPG

This block contains the 8-bit reload timer module. The block performs PPG output in which the pulse
output is controlled by the operation of the timer.

The hardware consists of two 8-bit down-counters, four 8-bit reload registers, one 16-bit control register,
two external pulse output pins, and two interrupt outputs. The unit has the following functions.

* 8-bit PPG output in 2-channel independent operation mode: Two independent PPG output channels are
available.

* 16-bit PPG output operation mode:  One 16-bit PPG output channel is available.

 8+8-bit PPG output operation mode: Variable-period 8-bit PPG output operation is available by using
the output of chO as the clock input to chl.

» PPG output operation: Outputs pulse waveforms with variable period and duty ratio.
Can be used as a D/A converter in conjunction with an external
circuit.
2.6.1 Registers
PPGO operation mode control register 7 6 5 4 3 2 1 0 < Bit No.
Address: ch0 0000304 |PENO | - |POEO | PIEO | PUFO |PCM1 |PCMO Reserved PPGCO
Read/write = RW) () RW) RW) RW) RW) RW) ()
Initial value = (0) ©) (0) (0) (0) (0) (0) 1
PPG1 operation mode control register 15 14 13 12 11 10 9 8 <& Bit No.
Address: chl 000031+ | PEN1 | PCS1 |POE1 | PIE1 | PUF1 | MD1 | MDO |Reserved r PPGCL

Readiwrite = (RIW) (RW) (RW) (RW) (RW) (RW) RW) ()
Initial value = (0) ) ) ) ) ) ) @)

15 14 13 12 11 10 9 8 < Bit No.

Reload register H -] ] ] ] ] ] ] ] 1
L N B B N =

Readiwrite = (RW) (RW) (RW) (RW) (RW) (RW) (RW) (R/W)
nitialvalue = (X)X ) 0 0 X X

7 6 5 4 3 2 1 0 < Bit No.
Reload register L . B i ] B L] ] ] ] P
S O N A
Readiwrte =  (RW) (RW) (RW) (RW) (RW) (RMW) (RW) (RIW)
Initial value = e R I e Rt S N N e )
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26 PPG

2.6.2 Block Diagram

Output enable
> PPGO

~«— Peripheral clock divided by 16
= Peripheral clock divided by 4
<& Peripheral clock

PPGO
output latch

Invert Clear

$—=<— PENO

o)
o
o PCNT s
\ | | (Down-counter) RO > IRQ
Count clock
selection Reload b
Timebase counter output - © chl borrow
Main clock divided by 512

L/H select L/H selector

[1
PRLLO | | PRLBHO |

L-side data bus —|
- @. - . —— H-side data bus 1

PPGCO

(Operation mode control)

Fig. 2.6.1 Block Diagram of 8-Bit PPG chO
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26 PPG

2.6.2 Block Diagram

r<— Peripheral clock

<—Timebase counter output
Main clock divided by 512

PPG1

O
O

output latch

Invert Clear

$—=— PEN1

Count clock
selection

PCNT

chO borrow
\

L/H select

Ianm
Lo}

(Down-counter)
\
Reload

L/H selector

PRLL1 | | PRLBH1 |

Output enable
> EI PPG1

> |RQ

L-side data bus —|

H-side data bus
—

Fig. 2.6.2 Block Diagram of 8-Bit PPG ch1l
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2.6.3 Register Details

(1) PPGCO (PPGO operation mode control register)

PPGO operation mode control register
Address: ch0 000030+

Read/write = (R/W)
Initial value = 0)

7 6 5 4 3 2 1 0

|PENO| ; |POE0| PIEO |PUFO|PCM1|PCMO

Reserved

()
©)

(RW) (RW) (RW) (RW) RW) ()
(0) (0) (0) (0) (0) 1)

26 PPG

< Bit No.

PPGCO

A 6-bit control register that selects the operation mode of the block, controls pin output, selects the count

clock, and controls the trigger.

[Bit 7] PENO (Ppg ENable): Operation enable bit
Starts PPG operation or selects the operation mode as follows.

PENO

Operation State

0

Operation stopped (output held at "L" level)

1

PPG operation enabled

Writing "1" to this bit starts the PPG counting.
Initialized to "0" by areset. Readable and writable.

[Bit 5] POEO (Ppg Output Enable): PPG pin output enable bit
Controls the external pulse output pin (PPGO0) as follows.

General-purpose port pin (pulse output disabled)

PPGO = pulse output pin (pulse output enabled)

Initialized to "0" by areset. Readable and writable.

[Bit 4] PIEO (Ppg Interrupt Enable): PPG interrupt enable bit
Controls PPG interrupt enable as follows.

Interrupts disabled

Interrupts enabled

When this bit is "1", an interrupt request is generated when PUFO becomes "1". No interrupt request is

generated if thisbitis"0".

Initialized to "0" by areset. Readable and writable.
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[Bit 3] PUFO (Ppg Underflow Flag): PPG counter underflow bit
The meaning of the PPG counter underflow bit is as follows.

No PPG counter underflow detected.

PPG counter underflow detected.

In 2-channel 8-bit PPG mode or 8-hit prescaler + 8-bit PPG mode, this bit is set to "1" when an underflow
occursin chO (when the counter value changes from 00H to FFH). In single channel 16-bit PPG mode, this
bit is set to "1" when an underflow occurs in chl/chO (when the counter value changes from O000H to
FFFFH). Writing "0" to this bit changes the bit to "0". Writing "1" has no meaning. Reading returns "1" in
read-modify-write instructions.

Initialized to "0" by areset. Readable and writable.

[Bits 2, 1] PCM1/0 (Ppg Count Mode): Count clock selection bits
Selects the operating clock for the down-counter as follows.

PCM1 PCMO Operation Mode
0 0 Peripheral clock (62.5ns for a 16 MHz machine clock)
0 1 Peripheral clock/4 (250ns for a 16 MHz machine clock)
1 0 Peripheral clock/16 (1 s for a 16 MHz machine clock)
1 1 Input clock_from the timebase counter (128 ns for a 4 MHz
source oscillator)

Initialized to "00" by areset. Readable and writable.
[Bit O] Reserved hit. Always set to "1" when setting PPGCO.

(2) PPGC1 (PPG1 operation mode control register)

PPG1 operation mode control register 15 14 13 12 11 10 9 8 < Bit No.
Address: chl 000031+ | PEN1 | PCS1 | POE1 | PIEL | PUF1 | MD1 | MDO |Reserved PPGC1
Read/write (RIW) (RW) (RW) (RW) (RW) (RW) (RW) (9
Initial value = (0) (0) (0) (0) ) (0) (0) )

A 7-bit control register that selects the operation mode of the block, controls pin output, selects the count
clock, and controls the trigger.

[Bit 15] PEN1 (Ppg ENable): Operation enable bit
Starts PPG operation or selects the operation mode as follows.

PEN1 Operation State
0 Operation stopped (output held at "L" level)
1 PPG operation enabled

Writing "1" to this bit starts PPG counting.

Initialized to "0" by areset. Readable and writable.
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[Bit 14] PCSL1 (Ppg Count Select): Count clock selection bit
Selects the operating clock for the down-counter as follows.

0 Peripheral clock (62.5ns for a 16 MHz machine clock)
1 Input clock from the timebase counter (128 s for a 4 MHz
source oscillator)

Initialized to "0" by areset. Readable and writable.

Note: The PCSL bit setting isignored in 8-bit prescaler + 8-bit PPG mode and 16-bit PPG mode. In these
modes, the count clock for chl of the PPG is received from chO.

[Bit 13] POEL1 (Ppg Output Enable): PPG pin output enable bit
Controlsthe external pulse output pin (PPG1) asfollows.

General-purpose port pin (pulse output disabled)
PPGL1 = pulse output pin (pulse output enabled)

Initialized to "0" by areset. Readable and writable.

[Bit 12] PIE1 (Ppg Interrupt Enable): PPG interrupt enable bit
Controls PPG interrupt enable as follows.

Interrupts disabled

Interrupts enabled

When this bit is "1", an interrupt request is generated when PUF1 becomes "1". No interrupt request is
generated if thisbitis"0".

Initialized to "0" by areset. Readable and writable.

[Bit 11] PUF1 (Ppg Underflow Flag): PPG counter underflow bit
The meaning of the PPG counter underflow bit is as follows.

No PPG counter underflow detected.
PPG counter underflow detected.

In 2-channel 8-bit PPG mode or 8-bit prescaler + 8-bit PPG mode, this bit is set to "1" when an underflow
occursin chl (when the counter value changes from O0H to FFH). In single channel 16-bit PPG mode, this
bit is set to "1" when an underflow occurs in chl/chO (when the counter value changes from O000H to
FFFFH). Writing "0" to this bit changes the bit to "0". Writing "1" has no meaning. Reading returns "1" in
read-modify-write instructions.

Initialized to "0" by areset. Readable and writable.
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[Bits 10, 9] MD1, 0 (PPG count MoDe): Operation mode selection bits
Selects the operating mode of the PPG timer as follows.

MD1 MDO Operation Mode
0 0 2-channel independent 8-bit PPG mode
0 1 Single channel 8-bit prescaler + 8-bit PPG mode
1 0 Reserved (prohibited setting)
1 1 Single channel 16-bit PPG mode

Initialized to "00" by areset. Readable and writable.

Note: Do not set these bitsto "10".

Note: Do not set the PENO bit of PPGCO and the PEN1 bit of PPGCL1 to "01" when the MD bits are set to
"01". Setting the PENO and PEN1 bitsto "11" or "00" is recommended.

Note: When setting the MD bits to "11", write to PPGCO and PPGC1 using a word write and set the
PENO and PEN1 bitsto "11" or "00" at the same time.

[Bit 8] Reserved bit. Always set to "1" when setting PPGCL1.

(3) PRLL/PRLH (Reload registers)

15 14 13 12 11 10 9 8 < Bit No.
Reload register H l ] | "l | _,l l "| — T
Address: chO 000035H L ... PRLH
ch1 000037H | | l | | l | l I’J’T
Readfwrite = (RW) (RW) (RW) (RW) (RW) (RW) (RW) (RIW)
Initial value = (X) (X) (X) X) (X) (X) (X) (X)
7 6 5 4 3 2 1 0 ¢ Bit No.
Reload register L e P P P T T e s
T I N N N B L
Readiwrite =  (RW) (RW) (RW) (RW) (RW) (RW) (RW) (RW)
Initial value = 0 0 00 00 0 X

Two 8-hit registers that store the reload values loaded to the down-counter PCNT. The registers are used
asfollows.

Register Function
PRLL Stores the L-side reload value
PRLH Stores the H-side reload value

Both registers are readable and writable.

Note: The chl PPG waveform may be different for each cycle if different values are set in PRLL and
PRLH for chO when using 8-bit prescaler + 8-bit PPG mode. Therefore, setting the same valuein
both chO registers (PRLL and PRLH) is recommended.
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2.6.4 Operation

The block consists of two 8-bit PPG units. The two channels can be used independently (2-channel
independent mode) or linked for 8-bit prescaler + 8-bit PPG mode or single-channel 16-bit PPG mode.
This gives atotal of three different operation modes.

Both 8-bit PPG units have L-side and H-side 8-bit reload registers (PRLL and PRLH). The values written
to these registers are used alternately to reload the 8-bit down-counter (PCNT) for the L-side and H-side
counts respectively. The PCNT value is down-counted with each count clock until a borrow triggers a
reload and inverts the output pin (PPG) level. As aresult of this operation, the output pin (PPG) outputs
pulses with an H-width and L-width determined by the reload register values.

Operation is started or re-started by writing to a register bit.

The following table shows the relationship between the reload operation and pul se output.

Table 1 Relationship Between Reload Operation and Pulse Output

Reload Operation Output Change at Pin
PRLH = PCNT PPGO0/1 [0 = 1] _F Rise
PRLL = PCNT PPGO0/1[1 = 0] ¢_ Fall

Also, when bit 4 (PIEQ) of PPGCO or bit 12 (PIE1) of PPGC1 is"1", an interrupt request is output when
the corresponding borrow occurs as the counter value changes from 00H to FFH. (For 16-bit PPG mode,
the borrow occurs as the counter value changes from 0000H to FFFFH.)

(1) Operation modes

The block has atotal of three different operation modes: 2-channel independent mode, 8-bit prescaler + 8-
bit PPG mode, and single-channel 16-bit PPG mode.

In 2-channel independent mode, the two channels operate as independent 8-bit PPGs. The PPG output of
chO is connected to the PPGO pin and the PPG output of chl is connected to the PPG1 pin.

In 8-hit prescaler + 8-bit PPG mode, chO operates as an 8-bit prescaler and chl counts on each chO borrow.
This operation mode produces a variable-period 8-bit PPG waveform output. The prescaler output of chO
is connected to the PPGO pin and the PPG output of chl is connected to the PPGL1 pin.

In single-channel 16-bit PPG mode, the upper and lower registers of chO and chl are linked to operate asa
single 16-bit PPG. (That is, the PRLLO and PRLL1 registers and the PRLHO and PRLH1 registers are
linked.) The 16-bit PPG output is connected to both the PPG0O and PPG1 pins.

(2) PPG output operation

Set "1" to bit 7 (PENO) of the PPGCO (PPG operation mode control) register or bit 15 (PEN1) of the
PPGC1 register to activate PPGO or PPGL1 respectively and start counting. After starting operation, writing
"0" to bit 7 (PENO) of the PPGCO register or bit 15 (PEN1) of the PPGC1 register stops count operation
and holds the pulse output at the "L" level.
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In 8-bit prescaler + 8-bit PPG mode, do not start chl operation when chO is stopped.

In single-channel 16-bit PPG mode, always start or stop operation by bit 7 (PENO) of the PPGCO register
and hit 15 (PEN1) of the PPGC1 register together.

The following describes PPG output operation.
Variable frequency and duty ratio pulse waveforms are output continuously during PPG operation. (The

duty ratio istheratio of the H-level and L-level durationsin the pulse waveform.) Once started, PPG pulse
waveform output does not stop until operation stop is specified.

PEN
— Output start by PEN
(starts from L-side)
Output pin ' 1
PPG T l
' — ' —
T (L+1) X T (H+1)
(Start) L: PRLL value
H: PRLH value
T: Peripheral clock (f, f /4, or f/16)

or
Input from timebase counter
(Set by the PPGC clock selection.)

Fig. 1.0.3 Figure 2.6.3 PPG Output Operation and Output Waveforms

(3) Relationship between the reload values and pulse width

The output pulse width is the product of the value written in the reload register + 1 and the count clock
period. Note that a reload register value of 00H for 8-bit PPG operation or 0000H for 16-bit PPG operation
generates a pulse width of one count clock cycle. Also, a reload register value of FFH in 8-bit PPG
operation generates a pulse width of 256 count clock cycles and areload register value of FFFFH in 16-bit

PPG operation generates a pulse width of 65536 count clock cycles. The pulse width is calculated as
follows.

L: PRLL value
PlI=Tx(L+1) H: PRLH value
Ph = Tx(H+1) T: Input clock period

Ph: H-side pulse width
Pl: L-side pulse width

(4) Count clock selection

This block can select from four count clock inputs, using either the peripheral clock or timebase counter
input. (chl of the PPG can only select from two count clocks.)
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When bits 2 and 1 (PCM1, 0) of the PPGCO register are "00", the count clock counts once for each
peripheral clock count.

When bits 2 and 1 (PCM1, 0) of the PPGCO register are "01", the count clock counts once for each four
peripheral clock counts.

When bits 2 and 1 (PCM1, 0) of the PPGCO register are "10", the count clock counts once for each 16
peripheral clock counts.

When bits 2 and 1 (PCM1, 0) of the PPGCO register are "11", the count clock counts once for each
timebase counter input.

When bit 14 (PCS1) of the PPGC1 register is 0", the count clock counts once for each peripheral clock
count.

When bit 14 (PCS1) of the PPGC1 register is "1", the count clock counts once for each timebase counter
input.

However, bit 14 (PCS1) of the PPGC1 register has no meaning in 8-bit prescaler + 8-bit PPG mode and
16-bit PPG mode. In these modes, chl of the PPG receives its count clock from chO.

When using the timebase counter input, note that the count period may vary for the first count after
activation by the trigger or the first count after a stop. The period may also vary if the timebase counter is
cleared during operation of this module.

Also, when using 8-bit prescaler + 8-bit PPG mode, note that the period of the first count may vary if chO
is aready operating when chl is changed from stopped to activated.

(5) Controlling pulse output from the pin
The pulse outputs generated by this module can be output from external pins PPGO and PPGL.

Bit 5 (POEQ) of PPGCO enables external output from pin PPGO and bit 13 (POEL) of PPGC1 enables
external output from pin PPG1. When these bits are set to "0" (initial value), pulse output from the external
pinis disabled and the pin functions as a general-purpose port. Setting the bits to "1" enables pulse output
from the external pin.

As PPGO and PPG1 output the same waveforms in 16-bit PPG mode, enabling either of these external
output pins produces the same output.

In 8-bit prescaler + 8-bit PPG mode, PPGO outputs the toggle waveforms from the 8-bit prescaler and

PPG1 outputs the 8-bit PPG waveforms. The following shows an example of the output waveformsin this
mode.
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PhO. .PIO .
|- ] |- ] ] ] ] ] ] ] ] ] ] ] ] ] ]
PPGO e 7 T 1 I T I 1 1711
PG SR S S S N S S S
Phi TP

3 LO: PRLL value for chO or

PIO=T" (LO+1) PRLH value for chO
L1: PRLL value for chl

PhO=T" (LO+1) H1:  PRLH value for chl
< T Input clock period
PhO:  H pulse width for PPGO
PIO: L pulse width for PPGO
Phl: H pulse width for PPG1
LPI1: L pulse width for PPG1

PIL=T" (LO+1) " (L1+1)

Phl1=T" (LO+1)" (H1+1)

Note: Setting the same value to PRLL and PRLH for ch0 is recommended.

Fig. 1.0.4 8+8 PPG Output Operation and Output Waveforms

(6) Interrupts
Theinterrupts for this module become active when the reload value counts-out and a borrow occurs.

In 2-channel 8-bit PPG mode and 8-bit prescaler + 8-bit PPG mode, interrupt requests are generated for
each counter borrow. In 16-bit PPG mode, PUFO and PUF1 are set simultaneously by the 16-bit counter
borrow. Therefore, enabling only one of PIEO and PIE1 is recommended so as to produce only one source
of interrupt. Clearing the sources of interrupt in both PUFO and PUFL1 is also recommended.

(7) Initial values for each hardware element

The hardware elements in this block are initialized by areset as follows.
<Registers>
» PPGCO = 0X000001B

» PPGC1 = 000000018

<Pulse output>

PPGO = "L"

PPGl= "L"

POEO = PPGO output inhibit

POE1 = PPGL1 output inhibit
<Interrupt request>

IRQO = "L"

IRQ1= "L"

Hardware elements other than those listed above are not initialized.
Note: Write timings to the reload register
Writing to the rel oad registers (PRLL and PRLH) using word move instructions is recommended in modes

other than 16-bit PPG mode. Writing using two byte transfer instructions may result in output of an
unexpected pulse width, depending on the timing.
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PPOO T 1 1 L1
:B- :B-CIB-C- \ C

—A— ' — A—p <> > > >'<—D—p' <>« D—
@

Fig. 1.0.5 Write Timing Timechart

If the value of PRLL is changed from A to C before timing (1) on the timechart and the value of PRLH is
changed from B to D after timing (1), the value of PRL at timing 1is PRLL=C and PRLH=B. This results
in the output of one pulse cycle with an L pulse width of C counts and an H pulse width of B counts.

Similarly, in 16-bit PPG mode, write to the PRL registers for chO and chl using a long word move
instruction, or write to chO first and chl second using word move instructions. In this mode, writing to the
chO PRL register only performs atemporary write. The actual write to the chO PRL register is performed at
the same timing as the write to the chl PRL register.

In modes other than 16-bit PPG mode, the PRL registers for chO and chl can be written to independently.

Write data for the chO PRL register Write data for the ch1l PRL register

-

Temporary latch

Writing to chO in modes ;
. In 16-bit PPG mode, move at the
other than 16-bit PPG mode same timing as the write to chl. Write to chl

Y Y

chO PRL register chl PRL register

Fig. 1.0.6 Block Diagram of the Steps for Writing to PRL

Note: The PPGO and PPGL pins are shared with other functions. Unless done intentionally, halt input
(INT5 and INT®6) to the pins from other functions.
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2.7 16-Bit Reload Timer (With Event Count Function)

The 16-bit reload timers consists of a 16-bit down-counter, a 16-bit reload regi

ster, one input (TIN) and
one output (TOT) pin, and a control register. The input clock can be selected from one external clock and
three types of internal clock. The output pin (TOT) outputs a toggle waveform in reload mode and a
rectangular waveform during counting in one-shot mode. The input pin (TIN) functions as the event input

in event count mode and as the trigger input or gate input in internal clock mode.

This product has two internal 16-bit reload timer channels.

2.7.1 Registers

15 14 13 12 11 10 9 8 ¢ Bit No.
Timer control status register (upper) ” ] ” l = | ” l = l - | - .-
Address: chO 000039+ i
900039+ }| - | - | csL1 l csLo |MOD2 l MOD1 ’J~
Read/write = - - - (RW) (RW) (RW) (RIW)
Initial value = - - - - (0) (0) 0) 0)
7 6 5 4 3 2 1 0 ¢ Bit No.

Timer control status register (lower) T ] ] - ] ] ] ] —
Address: ch0 000038+ o
ch0 000038 } _ [ Moo [oute [outt [Rewo [ inTe | UF [onTE | TRG iJ TMCSR

Read/write = (RW) RW) (RW) (RW) (RW) (RW) (RW) (R/W)

Bit No.

Initial value = 0) 0) 0) 0) 0) 0) (0) 0)
16-bit timer register (upper)/ 15 14 13 12 11 10 9 8 =
16-bit reload register (upper) ] ] ] _.l ] "l l _.] - Tt
Address: chO 00003BH i R
oooosen | | | | | | | =

Readiwrite =  (R/W) (R/W) (R/W) (RW) (RW) (RW) (RW) (RW)
nitialvalue = (X)) ) X 00 K 00 X

16-bit timer register (lower)/ 7 6 5 4 3 2 1 0
16-bit reload register (lower) Al -] ] -] -] -] -] -] G
Address: chO 00003AH T

chl 00003EH | | l | | l | l -

Readiwrite & (RW) (RW) (RIW) (RIW) (RIW) (RIW) (RW) (RIW)
Initial value = S RO N o N 0 M 0 NN 0 RN ' R ')
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2.7.2 Block Diagram

SNG19T-OWed

2.7 16-Bit Reload Timer (With Event Count Function)

Fig. 2.7.1 Block Diagram

16
,I 16-bit reload register
|
i
8
- Reload |
L A — RELD
q—/_ 16-bit down-counter UF u OUTE
16
T y OUTL
GATE gg - ’7 INTE —y
) . |-
—>| UF — IR
- cslL1 L Q
Clock selector s <« cNTE o
- ear
<—|_ I120SCLR
, Y A TRG
T Retrigger
2
INCTL == Port (TIN)
EXCK
Output enable
f f 3 -
— —— — |=— Prescaler > Port (TOT)
2 2 = MOD2
Clear
MOD1 L 5 Serial baudrate
Peripheral clock A/IDC
—| MODO
L ]
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2.7.3 Register Details
(1) TMCSR (Timer control status register)
B Register layout

15 14 13 12 11 10 9 8 <& Bit No.
Timer control status register (upper) . ] - l - ] - l - l - ] - -
Address: chO 000039 i
0 000059+ } | - | - [est1|csto [mopz|mop1 ’;[
Read/write = - - - (RW) (RIW) (R/W) (R/W)
Initial value = - - - - (0) (0) 0) 0)
7 6 5 4 3 2 1 0 <& Bit No.

Timer control status register (lower)

e I [ I [ I I [
Address: chO 000038 } |MOD0|OUTE|OUTL | RELD | INTE l UF |CNTE| TRG [ TMCSR

Read/write = (RW) RW) (RW) (RW) (RW) (RW) (RW) (R/W)
Initial value = © ) ©) ©) © (0 ©)

B Register contents
Controls the operation mode and interrupts for the 16-bit timer. Only modify bits other than UF, CNTE,
and TRG when CNTE ="0".

M Bit meanings
[Bits 11, 10] CSL1, CSLO (Clock SelLect 1, 0)
The count clock select bits. Table 2.7.1 lists the clock source selections.

Table 2.7.1 CSL Bit Clock Source Settings

CSL1 CSLO Clock Source (Machine cycle f = 16 MHz)
0 0 f/21(0.125 mrs)
0 1 f/23 (0.5 ns)
1 0 f/25 (2.0 ns)
1 1 External event count mode
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[Bits 9, 8, 7] MOD2, MOD1, MODO
These bits set the operation mode and I/O pin functions.

The MOD2 hit selects the 1/0 functions. When MOD2 ="0", the input pin functions as aretrigger input. In
this case, the reload register isloaded to the counter when an active edge isinput to the input pin and count
operation proceeds. When MOD2 = "1", the timer operates in gate counter mode and the input pin
functions as a gate input. In this mode, the counter only counts while an active level is input to the input

pin.
The MOD1, 0 bits set the pin functions for each mode. Tables 2.7.2 and 2.7.3 list the MOD2, 1, 0 bit
settings.

Table 2.7.2 MOD2, 1, 0 Bit Settings (1)
Internal clock mode (CSLO, 1 ="00", "01", or "10")

MOD2 MOD1 MODO Input Pin Function Active Edge or Level
0 0 0 Trigger disabled -
0 0 1 Trigger input Rising edge
0 1 0 i Falling edge
0 1 1 i Both edges
1 0 Gate input "L" level
1 1 @ "H" level

Event counter mode (CSLO, 1 ="11")

Table 2.7.3 MOD2, 1, 0 Bit Settings (2)

MOD2 MOD1 MODO Input Pin Function Active Edge or Level
0 0 - -
0 1 Trigger input Rising edge
1 0 i Falling edge
1 1 i Both edges

Note: Bitsmarked as” in the table can be set to any value.

[Bit 6] OUTE

Output enable bit. The TOT pin functions as a genera-purpose port when this bit is "0" and as the timer
output pin when this bit is "1". In reload mode, the output waveform toggles. In one-shot mode, TOT
outputs a rectangular waveform that indicates when counting isin progress.
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[Bit 5] OUTL
This bit sets the output level for the TOT pin. When OUTL is"0" or "1", the output pin level is opposite.

Table 2.7.4 OUTE, RELD, and OUTL Settings

OUTE RELD OUTL Output Waveform
0 X X General-purpose port
1 0 0 Output an "H" rectangular waveform during counting.
1 0 1 Output an "L" rectangular waveform during counting.
1 1 0 Toggle output. "L" level at count start.
1 1 1 Toggle output. "H" level at count start.

[Bit 4] RELD (REL 0aD)

This bit enables reload operations. When RELD ="1", the timer operates in reload mode. In this mode, the
timer loads the reload register contents into the counter and continues counting whenever an underflow
occurs (when the counter value changes from 0000H to FFFFH). When RELD = "0", the timer operatesin
one-shot mode. In this mode, the count operation stops when an underflow occurs due to the counter value
changing from 0O000H to FFFFH.

[Bit 3] INTE (INTerrupt Enable)
Timer interrupt request enable bit. When INTE is "1", an interrupt request is generated when the UF bit
changesto "1". When INTE is"0", no interrupt request is generated when the UF bit changesto "1".

[Bit 2] UF (UnderFlow)

Timer interrupt request flag. UF is set to "1" when an underflow occurs (when the counter value changes
from 0O000H to FFFFH). Cleared by writing "0" or by the intelligent 1/0 service. Writing "1" to this bit has
no meaning. Read as"1" by read-modify-write instructions.

[Bit 1] CNTE (CouNT Enable)
Timer count enable bit. Writing "1" to CNTE sets the timer to wait for a trigger. Writing "0" stops count
operation.

[Bit 0] TRG (TRiGger)

Software trigger bit. Writing "1" to TRG applies a software trigger, causing the timer to load the reload
register contents to the counter and start counting. Writing "0" has no meaning. Reading always returns
"0". Applying a trigger using this register is only valid when CNTE = "1". Writing "1" has no effect if
CNTE="0".
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(2) TMR (16-bit timer register)/ TMRLR (16-bit reload register)
B Register layout

16-bit timer register (upper)/ 15 14 13 12 11 10 9 8 < Bit No.

16-bit reload register (upper) ] l ] l | l l ] G

Address: chO 00003BH i R
00003FH | | | l L

Readiwrite =  (R/IW) (R/W) (R/W) (RW) (RW) (RW) (RW) (RW)
niialvalue = (X)) ) 0 00 X X

16-bit timer register (lower)/ 7 6 5 4 3 2 1 0 < Bit No.
16-bit reload register (lower) B -] -] 7] -] ] -] - -
Address: chO 00003AH o

T S I N I N B e

Read/write = (RIW) (RIW) (RIW) (RW) (RW) (RW) (RMW) (RW)
Initial value = S D0 T 0 TR 0 0 N 0 N 0 W 09

B TMR contents
Reading this register reads the count value of the 16-bit timer. The initial value is undefined. Always read
this register using word move instructions.

B TMRLR contents

The 16-hit reload register holds the initial count value. The initial value is indeterminate. Always write to
this register using word move instructions.
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2.7 16-Bit Reload Timer (With Event Count Function)

2.7.4 Operation

122

(1) Internal clock operation

The machine clock divided by 21, 23, or 25 can be selected as the clock source when operating the timer

from an internal clock. The external input pin can be selected as either a trigger input or gate input by a
register setting.

Writing "1" to both the CNTE and TRG bits in the control register enables and starts counting

simultaneously. Using the TRG bit as atrigger input is always available when the timer is enabled (CNTE
="1"), regardless of the operation mode.

Figure 2.7.2 shows counter activation and counter operation. A time period T (T: machine cycle) is
required from the counter start trigger being input until the reload register data is loaded into counter.

Count clock |
Counter >< Reload data >< -1 >< -1 >< -1

Data load
CNTE (register) .
TRG (register)

Fig. 2.7.2 Counter Activation and Operation
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2.7 16-Bit Reload Timer (With Event Count Function)

(2) Underflow operation

An underflow is defined for this timer as the time when the counter value changes from 0000H to FFFFH.
Therefore, an underflow occurs after (reload register setting + 1) counts.

If the RELD bit in the control register is"1" when the underflow occurs, the contents of the reload register
is loaded into the counter and counting continues. When RELD is"0", counting stops with the counter at
FFFFH.

The UF bit in the control register is set when the underflow occurs. If the INTE bit is"1" at thistime, an
interrupt request is generated.

Figure 2.7.3 shows the operation when an underflow occurs.

Count clock |
Counter X 0000+ X Reload data X 1 X 1 X 1

Data load

Underflow set

[RELD=1]
Count clock
Counter X 0000H X FFFFH
Underflow set
[RELD=0]

Fig. 2.7.3 Underflow Operation
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2.7 16-Bit Reload Timer (With Event Count Function)

(3) Input pin functions (for internal clock mode)

The TIN pin can be used as either a trigger input or a gate input when an internal clock is selected as the
clock source. When used as a trigger input, input of an active edge causes the timer to load the contents of
the reload register into the counter, clear the internal prescaler, and start counting. Input a pulse width of at
least 2xT (T isthe machine cycle) to TIN. Figure 2.7.4 shows the operation of trigger input.

TIN 1 Rising edge detected |

Prescaler clear ! |_|
Counter X -1 : X Reload data X -1 X -1 X -1
Load . |_|

‘- - >
2T to 2.5T

Fig. 2.7.4 Trigger Input Operation

When used as a gate input, the counter only counts while the active level specified by the MODO bit of the
control register is input to the TIN pin. The count clock operates continuously during this time. The
software trigger can be used in gate mode, regardless of the gate level. Input a pulse width of at least 2xT
(T isthe machine cycle) to the TIN pin. Figure 2.7.5 shows the operation of gate input.

iacec R N I S I

TIN | When MODO = "1" (Count when "H" is input) |

Load X 1 X 1 X 1

Fig. 2.7.5 Gate Input Operation

(4) External event counter

The TIN pin functions as an external event input pin when an external clock is selected. The counter
counts on the active edge specified in the register. Input a pulse width of at least 4xT (T is the machine
cycle) tothe TIN pin.
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2.7 16-Bit Reload Timer (With Event Count Function)

(5) Output pin functions

In reload mode, the TOT pin performs toggle output (inverts at each underflow). In one-shot mode, the
TOT pin functions as a pulse output that outputs a particular level while the count is in progress. The
OUTL bit of the control register sets the output polarity. When OUTL = "0", the initial value for toggle

output is "0" and the one-shot pulse output is "1" while the count is in progress. The opposite levels are
output when OUTL ="1".

+ Count start

Underflow |_| |_|

k=

TOT | The opposite levels are |
output when OUTL ="1".
General-purpose
CNTE  port
Trigger

[RELD=1, OUTL=0]

Fig. 2.7.6 Output Pin Functions (1)

Underflow —| |_|
The opposite levels |
TOT | A are output when

' General-purpose port OUTL ="1"

CNTE :
Trigger |_| : |_|

'« - - Waiting for a trigger - - ».

[RELD=0, OUTL=0]

Fig. 2.7.7 Output Pin Functions (2)
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2.7 16-Bit Reload Timer (With Event Count Function)
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(6) Intelligent 1/O service (I20S) function and interrupts

The timer includes a circuit that supports 120S. The timer can activate 120S when an underflow occurs.

mers (ch0 and chl) are connected to
chO and chl cannot be assigned to

120S can be used with both timers on this product. However, as both ti
the same interrupt control register (ICRx) in the interrupt controller,

different 120S services. Also, as the two timers have different interrupt vectors, they can be assigned to
different interrupt services. However, as chO and chl share an interrupt control register as described

above, the same interrupt level appliesto both channels.

(7) Counter operation state
The counter state is determined by the CNTE bit in the control regi

ster and the internal WAIT signal.

Available states are: CNTE = "0" and WAIT ="1" (STOP state), CNTE = "1" and WAIT ="1" (WAIT
state), and CNTE = "1" and WAIT = "0" (RUN state). Figure 2.7.8 shows the transitions between each

—  State transitions by hardware

——— State transitions by register access

state.
Reset \
STOP CNTE=0, WAIT=1

Counter: Stores the value

when counting stopped.

Indeterminate after a reset.
CNTE="1"
TRG='1'

WAIT CNTE=1, WAIT=1 RUN

CNTE=1, WAIT=0

Counter: Stores the value fp—

X . : Runni
when counting stopped. RELD-UF Counter: Running
Indeterminate after a reset
until loaded.
TRG="1' TRG="1'
RELD-UF
—— LOAD CNTE=1, WAIT=0 —
*

Load contents of the reload

Load complete

register to the counter.

Fig. 2.7.8 Counter State Transitions
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2.8 Chip Select Function

2.8 Chip Select Function
2.8.1 Outline

This module generates chip select signals to simplify connection of memory or 1/O devices. The module
has 8 chip select output pins. The hardware outputs the chip select signals from the pins when it detects
access of an address in the areas specified in the pin registers.

2.8.2 Block Diagram

Address (from CPU)

A23 Al6 A15  A08 AO07 A00

~

Address decoder Address decoder
I_ Decode signal J

Program area

— Decode

— CSO
......... (For the program ROM area)

Chip select control register 0 Selector

Selection setting

Chip select control register 1

- ) SEIECIOr  |mp— 1
Selection setting . s

Chip select control register 6 Selector | ————— CS6

Selection setting

/

Chip select control register 7 Selection setting

Selector ' —p  CS7

)

.........

Fig. 2.8.1 Block Diagram of Chip Select
2.8.3 Registers

Chi lect trol st

ip select control register 15 14 13 12 1 10 9 8
Address: 000049+

000048 } | i | i |

H
00004DH
00004FH

| ; | ACTL |OPEL |CSA1 | CSA0 | (odd numbers: CSCRL, 3, 5, and 7)

00004CH

Address: 000048H 7 6 5 4 3 2 1 0
00004EH } | | | |

00004 A
; | ACTL |OPEL |CSA1 | CSAO | (even numbers: CSCRO, 2, 4, and 6)
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2.8 Chip Select Function

2.8.4 Register Details
O Chip select control registers (CSCRO0 to 7)

15/07 14/06 13/05 12/04 11/03 10/02 09/01 08/00 < Bit No.
| ; | } | ; | ; |ACTL|OPEL|CSA1|CSAO| CSCROto 7

0 0 0 0 Initial value
R/W R/W R/W r/w  Readlwrite

[Bits 15/07 to 12/04]: Unused bits
Unused bits. The read value is undefined.

[Bit 11/03]: ACTL
These bits set the active level for pins CS0 to 7. Set asfollows.
"0": Output "L" from the CS0 to 7 pin when an address is decoded.

"1": Output "H" from the CS0 to 7 pin when an address is decoded.

[Bit 10/02]: OPEL (Pin output is always enabled for CS0.)
These bits enable or disable external output for pins CS1 to 7. The settings are as follows. Note that CS0 is
always enabled and so setting is not necessary.

"0": Disable decoding output from the CS1 to 7 pin.

"1": Enable decoding output from the CS1 to 7 pin.

[Bits 09/01 to 08/00]: CSA1, CSAO
These bits select the address decode range (ROM, RAM, or external circuit) for each chip select pin. See
Table 2.8.1 for details of the ranges and sizes.

2.8.5 Operation

O When the CPU accesses program or data, the chip select module decodes the highest and lowest order
bytes of the address and activates the chip select signals based on the output setting registers.

[Example 1] Address 11101110 00000001 00100011 (EE0123H)
v
Decode fr—r (—  CSO (Active)
Select Csl
[——— CS2
Register setting (CSCRO) ----0010 > - cs3
[Example 2]
Address 11110110 00000000 00100011 (F60023H)
Decode [re— — CSO0
» CS1 (Active)
Register setting (CSCRO0) ----0010 »| Select
CSs2
Register setting (CSCR1) ----0010 [ CS3
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2.8 Chip Select Function

O This modul€'s chip select function setsthe CS0 to 7 pin signals to active when the CPU accesses an area

specified by the CSA1 and CSAOQ bitsin the output setting register. The table below lists the bit settings.
O Output can be masked by setting the OPEL bit in the output setting register.
O The active level of the CS0 to 7 pins can be changed using the ACTL bit in the output setting register.

Table 2.8.1 Address Decoding Areas

CSA i
Pin Decode Area Area Size Remarks
1 0 (Bytes)
0 0 FOO000H to FFFFFFH 1 Mbyte
0 | 1 | F80000Hto FFFFFFH | 512 Kbyte Goes active when a program
CSO ROM area or program vector
1 | 0 | FEO0OOHto FFFFFFH | 128 Kbyte fetch oceurs.
1 1 - For future use
0 0 EOO0000H to EFFFFFH 1 Mbyte
0 | 1 |F00000Hto F7TFFFFH | 512 Kbyte Use for data ROM or RAM
Cs1 areas, or for external
1 | 0 | FCO000Hto FDFFFFH | 128 Kbyte circuits.
1 1 68FF80H to 68FFFFH 128 byte
0 0 - For future use
0 | 1 |FAO0000Hto FBFFFFH | 128 Kbye Use for data ROM or RAM
CS2 areas, or for external
1 0 | 68FF80Hto 68FFFFH | 128 byte circuits.
1 1 | 68FFO0H to 68FF7FH | 128 byte
0 0 | FB0OOOH to FOFFFFH | 128 Kbyte
cs3 0 1 68FFO0H to 68FF7FH 128 byte Use for I/0 or RAM areas, or
1 0 | 68FE80OH to 68FEFFH | 128 byte for external circuits.
1 1 0000COH to O000FFH 64 byte
0 0 - For future use
cs4 0 1 68FE80OH to 68FEFFH 128 byte Use for I/O or RAM areas, or
1 0 | 0000COH to 0000FFH | 64 byte for external circuits.
1 1 0OOOOEOH to O000FFH 32 byte
0 0 68FF80H to 68FFFFH 128 byte
CS5 0 1 0000COH to 0000FFH 64 byte Use for I/O or RAM areas, or
1 0 | 0000EOH to 0000FFH 32 byte for external circuits.
1 1 0000D8H to 0000DFH 8 byte
0 0 68FFO0H to 68FF7FH 128 byte
CS6 0 1 0000COH to O000FFH 64 byte Use for I/0 or RAM areas, or
1 0 | 0000EOH to 0000FFH 32 byte for external circuits.
1 1 | 0000DOH to 0000D7H | 8 byte
0 0 0000CO0] to O000FFH 64 byte
cs7 0 1 0OOOOEOH to O000FFH 32 byte Use for I/0 or RAM areas, or
1 0 | 0000C8H to 0000CFH | 8 byte for external circuits.
1 1

For future use
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2.8 Chip Select Function

—— <NOTE >

» Asthe CS0 pin outputs the decode signal for the program vector fetch after areset (initial state)

(from the 128K byte program ROM region between FEOOOOH and FFFFFFH), always use this pin
for program ROM. The active output level for thispinis"L".

» Asthe chip select decode signal pins are initialized as port inputs, you must set each setting
register explicitly. (Except for the CSO pin which is a dedicated pin and does not need to be set.)
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2.8 Chip Select Function

Pin CS0 Cs1 CS2 CS3 CS4 CS5 CS6 CSs7

1 001- 0011 -011 0011 -011 0011 0011 011-
CSA

0 010- 0101 -101 0101 -101 0101 0101 010-

Address Area

FFFFFF
FEOOOOH — |-
FC0000H — -|-
FAOOOOH — -|-
F80000H — -

FOO000H —H—- - - - - -[: R e e SeER R
EO0000H — - - - - - - R e B I I I e

690000H — - === - | - - - - B I [ Y EIIEP
68FF80H - = - = - | - - . ---[:k] T SRR 0 T

BBFEBOH —~ ==~ cf oo --;%:]- 1 O IO RSN NSR

B8FFOOH — - = === ==-==~-

000100H == == == =fmmmrmnafommea e feens Iy Py
0000EQH == - = = = === mmmmmefomm e e e f e o oL - - -

0000D8H == - = == == smm e oo e AN EEEE B R I]--- ------
0000DOH = - - = = == ommmmm oo e e S ) T P ) e -----[I--
0000C8H = = == o rmmmmmefemmem e e S

0000COH = - - == == mmmmmmeem e e e e I e T E e
000000+

Fig. 2.8.2 Address Decoding Map
(See Table 2.8.1 for the details of the decoding areas)

RSTX
S0 T
Address output oo

Fig. 2.8.3 CSO Output after Release of a Reset
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2.9 DTP/External Interrupts

2.9 DTP/External Interrupts

The DTP (Data Transfer Peripheral) is a peripheral block that interfaces external peripheras to the F2MC-
16L CPU. The DTP receives DMA and interrupt processing requests from external peripherals and passes
the requests to the F"M C-16L CPU to activate the extended intelligent I/O service or interrupt processing.
Two request levels ("H" and "L") are provided for extended intelligent I/O. For external interrupt requests,
generation of interruptson arising or falling edge aswell ason "H" and "L" levels can be selected, giving
atotal of four types.

2.9.1 Registers

Interrupt/DTP enable register 7 6 5 4 3 2 1 0 < Bit No.
Address: 000028+ | EN7 | ENG | ENS5 | EN4 | EN3 | EN2 | EN1 | ENO | ENIR
Readiwrte =  (RIW) (RW) (RW) (RIW) (RIW) (RW) (RW) (RW)
Initial value = © © © © © © (0 @ ©
Interrupt/DTP register 15 14 13 12 11 10 9 8 < Bit No.
Address: 000029+ | ER7 | ER6 | ER5 | ER4 | ER3 | ER2 | ER1 | ERO | EIRR

Readiwrite = (RW) (RIW) (RW) (RW) (RIW) (RW) (RW) (R/W)
Initial value = (0) ) ©) ) ) ©) )

Request level setting register (upper) 15 14 13 12 11 10 9 8 < Bit No.
Address: 00002BH | LB7 | LA7 | LB6 | LAG | LB5 | LAS | LB4 | LAG |
Read/write = (RW) (RW) (RIW) (RW) (RW) (RW) (RMW) (RW)
Initial value = 0) 0) 0) 0) 0) 0) (0) 0)
Request level setting register (lower) 7 6 5 4 3 2 1 0 ¢ Bit No.

Address: 00002Ax | LB3 | LA3 | LB2 | LA2 | LB1 | LAL | LBO | LAO r ELVR

Readiwrite = (RW) (RW) (RW) (RW) (RW) (RW) (RW) (R/W)
Initial value = (0) ) ©) ) ) ©) ) ©)

2.9.2 Block Diagram

F2MC-16L bus

4#»| Interrupt/DTP enable register |
. 8 - 8 .
Interrupt input (——h' Gate |<_| Interrupt source F/IF |<—| Edge detect circuit | Request input
8 * :
<+>| Interrupt/DTP sources register |
8 - -
<+>| Request level setting register

Fig. 2.9.1 Block Diagram
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2.9 DTP/External Interrupts

2.9.3 Register Details
(1) ENIR (Interrupt/DTP enable register)
B Register layout

Interrupt/DTP enable register 7 6 5 4 3 2 1 0 < Bit No.
Address: 000028+ | EN7 | ENG6 | ENS | EN4 | EN3 | EN2 | EN1 | ENO | ENIR

Read/write = (RIW) (RIW) (RIW) (RW) (RW) (RIW) (RW) (RW)
Initial value = © © © © © © (0 (0

B Register contents

The ENIR register enables or disables the function that generates interrupt requests to the interrupt
controller using device pins as external interrupt or DTP request inputs. Writing "1" to a register bit sets
the corresponding pin as an external interrupt or DTP request input and enables the generation of interrupt
requests to the interrupt controller. Pins corresponding to bits set to "0" hold external interrupt or DTP
request inputs but do not pass the request to the interrupt controller.

(2) EIRR (Interrupt/DTP register)
B Register layout

Interrupt/DTP register 15 14 13 12 11 10 9 8 <& Bit No.
Address: 000029+ | ER7 | ER6 | ER5 | ER4 | ER3 | ER2 | ER1 | ERO | EIRR

Readiwrite = (RW) (RW) (RW) (RMW) (RW) (RW) (RW) (RW)
Initial value = (0) ) ) ) ) ) ) )

B Register contents

Reading EIRR indicates whether any external interrupt or DTP requests are present. Writing to EIRR
clears the value of the flip-flop that indicates the request. Bits that have the value "1" on reading the
register indicate that an external interrupt or DTP request for the corresponding pin is present. Writing "0"
to bits in this register clears the request flip-flop for the corresponding bit. Writing "1" has no effect.
Alwaysread as"1" by read-modify-write type instructions.

Note: When interrupts are enabled, only write "0" to the bit that is set to "1". Avoid unconditionally
clearing other flag bits when clearing the interrupt flag bit for a received interrupt.
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2.9 DTP/External Interrupts

(3) ELVR (Request level setting register)
B Register layout

Request level setting register (upper) 15 14 13

2 11 10 9 8 & BitNo.
Address: 00002BH | LB7 | LA7 | LB6 | LAG | LB5 | LAS | LB4 | LA4 |
Readiwrte ©  (RIW) (RW) (RW) (RMW) (RW) (RMW) (RW) (RMW)
Initial value = © © © © © (© (© (0
Request level setting register (lower) 7 6 5 4 3 2 1 0 < Bit No.
Address: 00002Aw | LB3 | LA3 | LB2 | LA2 | LB1 | LAL | LBO | LAO I ELVR

Readiwrite = (RW) (RW) (RW) (RIW) (RIW) (RW) (RW) (R/W)
Initial value = (0) ) ) ) ) ) ) )

B Register contents

The ELVR register selects how to detect requests. The selection for each pinis set using two bits as shown

below. If level-detection is selected for a pin, clearing the request when the active level isinput causes the
reguest to be set again.

Table 2.9.1 ELVR Settings
LBx LAX Operation

Generate a request when an input is "L" level.
Generate a request when an input is "H" level.
- Generate a request at a rising edge.
~Generate a request at a falling edge.

= OO
R OPFr O

2.9.4 Operation
(1) External interrupt operation

If the request specified in the ELVR register is input to a pin after the pin has been set for external
interrupts, the resource generates an interrupt request signal to the interrupt controller. The interrupt
controller prioritizes any simultaneously occurring interrupts. When the interrupt request from this
resource has the highest priority, the interrupt controller passes the request to the FPMC-16L CPU. The
F2MC-16L CPU compares the interrupt regquest with the ILM bits of the CCR register in the CPU. If the
priority of the request is higher than the priority set in the ILM bits, the hardware interrupt processing
microprogram is activated after completion of the currently executing instruction.
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2.9 DTP/External Interrupts

External interrupt/DTP Interrupt controller F?MC-16LCPU

Other request
ELVR
e S
ENIR 4|—’ ICR i ILM
Request —| -« = =t - - wwn o a e —

Fig. 2.9.2 External Interrupt Operation

Under control of the hardware interrupt processing microprogram, the CPU reads the ISE bit from the
interrupt controller to identify that the current request is for interrupt processing, then branches to the
interrupt processing microprogram. The interrupt processing microprogram reads the interrupt vector area,
sends an interrupt acknowledge to the interrupt controller, and loads the macro instruction branch
destination address created from the vector into the program counter to execute the user interrupt
processing program.

(2) DTP operation

Set the I/O address pointer and buffer address pointer in the extended intelligent 1/O service descriptor as
part of user program initialization for activating the extended intelligent 1/O service. Set the address of a
register between 000000H and OOFFFFH as the 1/0 address pointer and set the top address of the memory
buffer as the buffer address pointer.

The operation sequence for DTP is exactly the same as for an externa interrupt up to the point where the
CPU activates the hardware interrupt processing microprogram. For DTP, the ISE bit read by the CPU in
the hardware interrupt processing microprogram specifies DTP operation. This causes control to pass to
the microprogram for the extended intelligent 1/0 service. On activation, the extended intelligent 1/0O
service sends read or write signals to the external peripheral address and performs data transfer with this
chip. The external peripheral must remove the interrupt request for the chip within 3 machine cycles of
performing data transfer. Descriptor updating and similar operations are performed at the completion of
datatransfer, then the interrupt controller generates the signal to clear the sources of transfer. On receiving
the transfer source clear signal, the DTP/external interrupt resource clears the flip-flop holding the sources
and waits for the next request from the pin. See "3.3.3 Extended Intelligent 1/O Service" for details on
extended intelligent 1/O service processing.
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DTP/External Interrupts

Interrupt request J L
- Rising edge request or "H" level
Descriptor
Internal operation selection and read * For the case when the extended intelligent I/O service
performs 1/O register ® memory data transfer.

Address bus pin

>< Read address >< Write address X
Data bus pins
Read signal

1)
: @

Remove within 3 machine cycles

Write signal

Fig. 2.9.3 External Interrupt Remove Timing at the Completion of DTP Operation

Data and
: address buses < Internal bus >
External peripheral —
' """"""""""""" @ 0T e A R ‘ ’
\J ' \J

Dismiss within 3 machine
cycles of transfer completion.

F2MC-16L

Fig. 2.9.4 Example Interface Circuit with External Peripheral

(3) Switching between external interrupt requests and DTP requests

Switching between external interrupt requests and DTP requests is performed by setting the ISE bit in the
ICR register for the DTP/externa interrupt resource. The ICR registers are located in the interrupt
controller. Separate ICR registers are provided for each pin. Writing "1" to the I SE bit of the ICR register
for a particular pin specifies DTP regquest operation. Writing "0" to the I SE bit specifies external interrupt
request operation.

Interrupt controller ——

ICR xx | 0 |
IoR vy | L | F2MC-16 CPU
Pin External interrupt/DTP [ > [ -~ e / oa -
I PR A

DTP
External interrupt

Fig. 2.9.5 Switching Between External Interrupt Requests and DTP Requests
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2.9 DTP/External Interrupts

2.9.5 Notes on Use
(1) Conditions for externally connected peripherals when using DTP

DTP only supports external peripherals that can automatically clear requests in response to the data
transfer. If the transfer request is not removed within 3 machine cycles of starting data transfer, the DTF/
external interrupt resource treats the request as a new transfer request.

(2) Recovery from standby

Specify an "H" level input request when using an external interrupt to recover from the standby state in
clock stop mode. Using an "L" level request may cause misoperation. The system cannot recover from the
standby state in clock stop mode by an edge request.

(3) Operation procedure for external interrupt/DTP

Use the following procedure to set the registers in the external interrupt/DTP resource.
1. Set the corresponding bit in the enable register to "disabled".
2. Set the corresponding bitsin the request level setting register.

3. Clear the corresponding bit in the interrupt/DTP request register.
4. Set the corresponding bit in the enable register to "enabled”.

(Steps 3 and 4 can be performed simultaneously by a word write.)
Always set the enable register to "disabled” when setting the resource registers. Also, always clear the

interrupt/DTP request register before setting the enable register to "enabled”. Thisis to prevent generation
of a source of unintended interrupt when setting registers or when enabling interrupts.
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2.9 DTP/External Interrupts

(4) External interrupt request level
@ A pulse width of at least 3 machine cyclesis required to detect an edge when the request level is set to
edge detect.

@ When the request level is set to level detect, arequest to the interrupt controller remains active even if
the external request input is removed. This is because external request inputs are held in an internal
request hold circuit. The internal request hold circuit must be cleared to remove the request to the

interrupt controller.

A source of interrupt  —| Level detect Interrupt source F/F ——| Enable gate To interrupt controller
(source hold circuit)

/

Interrupt sources are held until cleared.

Fig. 2.9.6 Clearing the Interrupt Source Hold Circuit for Level Detect Operation

) "H" level
A source of interrupt
Interrupt request to

the interrupt controller

Request goes inactive because the interrupt
sources F/F is cleared.

Fig. 2.9.7 Interrupt Hold F/F and Interrupt Request to the Interrupt Controller
When Interrupts are Enabled

Note: TheINT4 to 7 pins are shared with other functions. Unless being done intentionally, halt input or
output (A/D activation, PPG output) to these pins from other functions.
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2.10 Delay Interrupt Generation Module

2.10 Delay Interrupt Generation Module

The delay interrupt generation module is used to generate the task switching interrupt. Interrupt requeststo
the FPMC-16L CPU can be generated and cleared by software using this module.

2.10.1 Register

15 14 13 12 11 10 9 8 % Bit No.
Address: 00009FH | i | i | i | R | R | R | R | RO | DIRR
Read/write = (R/W)

()
©)

—~
[
- <
—~

[
- <
—~

[
- <
—~

[
- <
—~

[
- <

()
) )

Initial value =

2.10.2 Block Diagram

F2MC-16L bus

E—— Delay interrupt source generate/clear decoder

\

< Interrupt source latch

Fig. 2.10.1 Block Diagram

2.10.3 Register Details

(1) DIRR (Delay interrupt source generate/clear register)
B Register layout

15 14 13 12 11 10 9 8 % Bit No.
Address: 00009FH | i | i | i | i | R | R | R | RO I DIRR
Read/write = (R/W)

()
©)

o~
[
— L
o~

[
- L
o~

[
- L
o~

[
- L
DO

[
- L

)
Initial value < )

©)

B Register contents

The DIRR register controls generation and clearing of delay interrupt requests. Writing "1" to the register
generates adelay interrupt request. Writing "0" to the register clears adelay interrupt request. The register
is set to theinterrupt cleared state by areset. Either "0" or "1" can be written to the reserved bits. However,
considering possible future extensions, it is recommended that the set bit and clear bit instructions are used
for register access.
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2.10 Delay Interrupt Generation Module

2.10.4 Operation

(1) Delay interrupt generation

When the CPU writes "1" to the RO bit of the DIRR register by software, a request latch in the delay
interrupt generation module is set and an interrupt request to the interrupt controller generated. If no other
interrupts are present, or the other interrupts have a lower priority, the interrupt controller passes the
interrupt request to the F2MC-16L CPU. The F2PMC-16L CPU compares the interrupt request with the ILM
bits of the CCR register in the CPU. If the priority of the request is higher than the priority set in the ILM
bits, the hardware interrupt processing microprogram is activated after completion of the currently
executing instruction. As aresult, the interrupt processing routine for thisinterrupt is executed.

Delay interrupt generation module Interrupt controller
WRITE

F2MC-16LCPU

Other request

T g R g O
I o e

i INTA -= |

Fig. 2.10.2 Delay Interrupt Generation Operation

Write "0" to the RO bit in the DIRR register to clear the source of interrupt and perform task switching in
the interrupt processing routine.

2.10.5 Notes on Use
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(1) Delay interrupt request latch

Thislatchis set when "1" iswritten to the RO bit of the DIRR register and cleared by writing "0" to the RO
bit. Accordingly, interrupt processing is activated again on returning from the interrupt processing routine

if the routine's software does not clear the source of interrupt. Take care when developing software that
this situation does not occur.
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2.11 Watchdog Timer and Timebase Timer Functions

The watchdog timer consists of a 2-bit watchdog counter, a control register, and a watchdog reset
controller. The watchdog counter uses the carry-up signal from the 18-bit timebase timer as its clock
source. In addition to the 18-hit timer, the timebase timer contains an interval interrupt control circuit. The
timebase timer uses the main clock, regardless of the value of the MCS hit in the CKSCR register. Figure
2.11.1 shows the structure of the watchdog and timebase timers.

2.11.1 Registers

Watchdog timer control register 7 6 5 4 3 2 1 0 < Bit No.
Address: 0000A8H |PONR | STBR |WRST | ERST | SRST | WTE | WT1 | WTO | WDTC
Read/write = (RW) (RW) (RW) (RW) (RW) (RW) RMW) (RW)
Initial value = [T N s NN % U0 RN ) N6 B €
Timebase timer control register 15 14 13 12 11 10 9 8 <& Bit No.

Address: 00000A9H

Reserved

| ; | TBIE |TBOF | TBR |TBCl |TBCO | TBTC

Read/write = O] O] O] (RW) (RW) (W) (RW) (R/W)
Initial value = 1) O] O] 0) 0) 1) 0) 0)
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2.11.2 Block Diagram

li Main clock (OSC oscillator)
TBTC o1z Clock input
TBC1 -]
| e Selector 21 . )
> -—] 216 Timebase timer
TBCO <« D10
TBR |'> TBTRES 212 214 216 219
«>»|TBIE - S |-l
AND |=| Q R
->|TBOF <—|_ <-|
[%2]
a
3 Timebase
$ interrupt
Q WDTC 'R ¢ V
- WT1 2-bit counter
_ Select F Watchdog reset | __ WDGRST
> W0 > Selector > o > activation circuit To internal reset
CLR CLR activation circuit
L > |WTE A A
<«— PONR (= From power-on
- STBR |« From hardware standby
control circuit
- WRST |
- ERST |- RSTX pin
| SRST |« From RST bit of the
STBYC register

Fig. 2.11.1 Block Diagram of the Watchdog and Timebase Timers
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2.11.3 Register Details
(1) WDTC (Watchdog timer control register)
B Register layout

Watchdog timer control register 7 6 5 4 3 2 1 0 < Bit No.
Address: 0000A8H |PONR | STBR |WRST | ERST | SRST | WTE | WT1 | WTO0 | WDTC
Read/write = (R) (R) (R) (R) (R) (W) (W) (W)
Initial value > (X) (X) (X) (X) (X) 1) 1) 1)

Note 1. Do not access this register using read-modify-write instructions as this can cause misoperation.

B Register contents

Thisregister contains various watchdog timer control bits and reset type flag bits.

B Bit meaning

[Bits 7 to 3] PONR, STBR, WRST, ERST, SRST

Reset type flags. When a reset occurs, these bits are set as shown in Table 2.11.1, depending on the reset
type. Reading WDTC clears all these bitsto "0". These bits are read-only. At power-on, the values of bits

other than the power-on flag are undefined. Accordingly, when developing software, ignore the other bits
if the PONR bitis"1".

Table 2.11.1 Value of the Reset Type Bits for Each Reset Type

Reset Type PONR STBR WRST ERST SRST
Power-on 1 - - - -
Hardware standby * 1 * * *
Watchdog timer * * 1 * *
External pin * * * 1 *
RST bit * * * * 1

(The valuesindicated by * hold their previous values.)

[Bit 2] WTE

Writing "0" to this bit when the watchdog timer is stopped starts the watchdog timer running. Writing "0"
to this bit for the second and subsequent times clears the watchdog timer counter. Writing "1" has no
meaning.

The watchdog timer stops after a power-on, hardware standby, or watchdog timer reset. Reading this bit
returns"1".
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[Bits1, 0] WT1,0

Interval time selection bits for the watchdog timer. Only the data set when the watchdog timer starts is
used. Values set at other times have no meaning. Table 2.11.2 lists the interval times.

These bits are write-only.

Table 2.11.2 Watchdog Timer Interval Selection Bits

WTL WTO Interl\\/l/ia;:.Tlme (4 MHz clockl\::;rce) Né?;giré);cl}ﬂeasm
0 0 Approx. 3.58 ms Approx. 4.61 ms 2141211 cycles
0 1 Approx. 14.33 ms Approx. 18.43 ms 2161213 cycles
1 0 Approx. 57.34 ms Approx. 73.73 ms 2181215 cycles
1 1 Approx. 458.75 ms Approx. 589.82 ms 2214218 cycles

Note: The maximum interval value is for when the timebase counter is not reset while the
watchdog timer is running.

(2) TBTC (Timebase timer control register)
B Register layout

Timebase timer control register 15 14 13 12 11 10 9 8 < Bit No.
Address: 00000A9H | - | TBIE |TBOF | TBR |TBC1 | TBCO | TBTC

Reserved

Read/write = )
Initial value = 1)

RW) (RW) (W) (RW) (RW)
(0) (0) (1) (0) (0)

—~
[
)

()
©)

Note 1. Do not access this register using read-modify-write instructions as this can cause misoperation.

B Register contents
Controls the operation of the timebase timer and sets the interval interrupt time.

B Bit meaning

[Bit 15] Test bit

Test bit. Alwayswrite "1" to this bit.
[Bits 14, 13] Unused

[Bit 12] TBIE

Interval interrupt enable bit for the timebase timer. Interrupts are enabled when TBIE is"1" and disabled
when TBIE is"0". Cleared to "0" by areset. The bit is readable and writable.
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[Bit 11] TBOF

The timebase timer interrupt request flag. An interrupt request is generated if TBOF changesto "1" when
TBIE is "1". TBOF is periodically set to "1" with the interval set by the TBC1, O bits. Writing "0",
changing to stop or hardware standby mode, using the TBR bit to clear the timebase timer, or generating a
reset clears TBOF. Writing "1" has no meaning.

Alwaysread as"1" by read-modify-write type instructions.

Note: When clearing the TBOF bit, mask timebase timer interrupts using the TBIE bit or the ILM bitsin
the CPU.

[Bit 10] TBR

Clears dll bits of the timebase timer counter to "0". Writing "0" clears the timebase timer counter and also

clearsthe TBOF bit. Writing "1" has no meaning. Reading this bit returns"1".

Note: Mask timebase timer interrupts using the TBIE bit or the ILM bits in the CPU when clearing the
TBOF hit.

[Bits9, 8] TBCL, 0
Interval setting bits for the timebase timer. Table 2.11.3 lists the interval settings. Cleared to "00" by a
reset. These bits are readable and writable.

Table 2.11.3 Timebase Timer Interval Selection

Interval Time for a 4 MHz Number of Main Clock
TBCl TBCO Clock Source Cycles
0 0 1.024 ms 212 cycles
0 1 4.096 ms 214 cycles
1 0 16.384 ms 216 cycles
1 1 131.072 ms 219 cycles

2.11.4 Operation
(1) Watchdog Timer

The watchdog timer function can be used to detect program loop. If, due to a program runaway or similar
problem, "0" is not written to the WTE bit within the required time, the watchdog timer generates a
watchdog reset request.

W Activation

To start the watchdog timer, write "0" to the WTE bit in the WDTC register when the watchdog timer is
stopped. At the same time, set the watchdog timer reset interval in the WT1 and WTO bits. Only the
interval data set at the time the watchdog timer is started is used.

B Preventing a watchdog timer reset

Once the watchdog timer has started, the program must periodically clear the 2-bit watchdog counter.
Specifically, the program must periodically write "0" to the WTE bit in the WDTC register. The watchdog
counter consists of a 2-hit counter that uses the carry-up signa from the 18-bit timebase counter as its
clock source. Therefore, the time until awatchdog timer reset occursis lengthened if the timebase timer is
cleared.

Figure 2.11.2 shows the operation of the watchdog timer.
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Timebase | | | | | | [ L1 | [ L1 |
Watchdog ~oo X1 X110 X__00___X_01__X_10_X_11__X__00
WTE write [ 1

Watchdog start Watchdog clear 1

Watchdog reset generated

Fig. 2.11.2 Watchdog Timer Operation

B Stopping the watchdog timer

Once started, the watchdog timer is only initialized and stopped by a power-on, hardware standby, or
watchdog reset. External pin or software resets clear the watchdog counter but do not stop the watchdog
function.

B Other
In addition to writing to the WTE bit, the watchdog counter is also cleared by the generation of a reset,
changing to sleep or stop mode, or the hold acknowledge signal.

(2) Timebase timer

The timebase timer functions as the watchdog counter clock source, as a delay timer to wait while the
main clock and PLL clock stabilize, and as an interval timer for generating interrupts with a fixed period.

W Timebase timer

The timebase timer consists of an 18-bit counter that counts the source oscillator input used to generate the
machine clock. The timebase timer counts continuously while an oscillator input is present. A power-on
reset, changing to stop or hardware standby mode, using the MCS bit in the CKSCR register to change
from the main clock to the PLL clock, or writing "0" to the TBR bit in the TBTC register clears the
timebase timer.

The watchdog counter and interval interrupt both use the timebase timer output and are affected by
clearing the timebase timer.

B [nterval interrupt function

The interval interrupt function generates a fixed-period interrupt using the carry-up signal from the
timebase counter. The TBOF flag is set periodically, with the interval determined by the TBC1, 0 bits of
the TBTC register. When the TBOF flag is set depends on when the timebase timer was last cleared.

As the timebase timer acts as a delay timer to wait for the PLL oscillation to stabilize when changing from
main clock mode to PLL clock mode, the timebase timer is cleared at thistime.

As the timebase timer acts as adelay timer to wait for oscillation to stabilize when recovering from stop or
hardware standby mode, the TBOF flag is cleared when changing to these modes.
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2.12 Low Power Control Circuits
(CPU Intermittent Operation Function, Oscillation Stabilization

Delay Time, and Clock Multiplier Function)

The following operation modes are available: PLL clock mode, PLL sleep mode, timer mode, main clock
mode, main sleep mode, stop mode, and hardware standby mode. Operation modes other than PLL clock
mode are classified as low power consumption modes.

In main clock mode and main sleep mode, the device operates on the main clock only (OSC oscillator
clock). The PLL clock (VCO oscillator clock) is stopped in these modes and the main clock divided by 2 is
used as the operating clock.

In PLL sleep mode and main sleep mode, the CPU's operating clock only is stopped and other elements
continue to operate.

In watch mode, only the timebase timer operates.

Stop mode and hardware standby mode stop the oscillator. These modes maintain existing data with
minimum power consumption.

The CPU intermittent operation function provides an intermittent clock to the CPU when register, internal
memory, internal resource, or external bus accessis performed. This function reduces power consumption
by lowering the CPU execution speed while still providing a high-speed clock to internal resources.

The PLL clock multiplier ratio can be setto 1, 2, 3, or 4 by the CS1, 0 bits.

The WSL, 0 bits set the delay time to wait for the main clock oscillation to stabilize when recovering from
stop mode or hardware standby mode.

2.12.1 Registers

Low power mode control register 7 6 5 4 3 2 1 0 < Bit No.
Address: 0000AOH | STP | SLP | SPL | RST |Resenved | CG1 | CGO |reserved LPMCR
Readiwrite © W) W) ORW) W) (O RW) RW) ()
Initial value = © © © @ @ © (© ©
Clock select register 15 14 13 12 1 10 9 8 & Bit No.
Address: 0000A1H  [reserved | MCM | ws1 | WSO |reserved | MCS | cs1 | cso | CKSCR
Readiwite = () (R) (RW) (RW) () (RW) (RW) (RW)
nitialvalue = (1) O @ @ O @ (© (0
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2.12.2 Block Diagram
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Main clock

the CPU intermittent

CKSCR
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Cs1 | cpuU
- >
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LPMCR
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>

CPU
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Fig. 2.12.1 Low Power Control Circuit and Clock Generators

Chapter 2: Hardware

» To watchdog timer



2.12 Low Power Control Circuits

2.12.3 Register Details
(1) LPMCR (Low power mode control register)
W Register layout

7 6 5 4 3 2 1 0 & BitNo.

Address: 0000AOH | STP | SLP | SPL | RST [Resened| cG1 | CGO |Resenved LPMCR
Read/write = (W) W)  (RW) (W) ) RW) RW) ()
Initial value = © © © @ O © © @

Note 1. Do not access this register using read-modify-write instructions as this can cause misoperation.

B Register contents

[Bit 7] STP

Writing "1" to this bit changes to timer mode (if MCS = "0" in CKSCR) or stop mode (if MCS ="1" in
CKSCR). Writing "0" to this bit has no effect. STP is cleared to "0" by clearing reset or watch or stop
mode. The bit iswrite-only. Reading always returns "0".

[Bit 6] SLP
Writing "1" to this bit changes to sleep mode. Writing "0" to this bit has no effect. The bit is cleared to "0"
by areset or wake-up from sleep or stop mode.

The device changes to watch or stop mode if "1" is written to both the STP and SLP bits at the same time.
SLPisawrite-only bit. Reading always returns "0".

[Bit 5] SPL

External pins hold their levels during timer or stop mode if this bit is "0". External pins go to high
impedance during watch or stop mode if thisbitis"1". SPL iscleared to "0" by areset. The bit is readable
and writable.

[Bit 4] RST
Writing "0" to this bit generates an internal reset signal for 3 machine cycles. Writing "1" to this bit has no
effect. Reading always returns"1".

[Bits 2, 1] CG1, CGO

Sets the number of cycles to temporarily stop the clock for the CPU intermittent operation function.
Initialized to "00" by a power-on, hardware standby, or watchdog timer reset. Not initialized by other
resets. The bits are readable and writable.

The CPU intermittent operation function halts the CPU clock for a set period when register, internal
memory, internal resource, or external bus access is performed and delays the start of the interna bus
cycle. This function reduces power consumption by lowering the CPU execution speed while still
providing a high-speed clock to internal resources.
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Table 2.12.1 CG Bit Settings

ca1 CGO Number of Cycles to Stop CPU Clock
0 0 0 cycles (CPU clock = resource clock)
0 1 9 cycles (The ratio of the CPU clock to the resource clock is approx. 1:3 to 4)
1 0 17 cycles (The ratio of the CPU clock to the resource clock is approx. 1:5 to 6)
1 1 33 cycles (The ratio of the CPU clock to the resource clock is approx. 1:9 to 10)
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(2) CKSCR (Clock selection register)
W Register layout

15 14 13 12 11 10 9 8  © BitNo.
Address: 0000A1H  [geserved | MCM | wsi1 | WSO |resenved | MCS | cs1 | cso | CKSCR
Readwrite © ()  (R) (RW) RW) () (RW) (RW) (RW)
nitialvalue = (1) (1) @) @ @) @ (© (0

B Register content

[Bit 14] MCM

Indicates whether the main clock or PLL clock is selected as the machine clock. "0" indicates that the PLL
clock is selected. "1" indicates that the main clock is selected. MCS = "0" and MCM = "1" indicates that
the deviceis currently waiting for the PLL clock oscillation to stabilize. The delay time to wait for the PLL
clock to stabilize isfixed at 213 main clock cycles.

[Bits 13, 12] WS1, WSO

Sets the delay time to wait for the main clock to stabilize after wake-up from stop mode or hardware
standby mode, or after awatchdog reset.

Initialized to "11" by a power-on reset. Not initialized by other resets. The bits are readable and writable.

Table 2.12.2 WS Bit Settings

WS1 WSO Delay Time for Oscillation to Stabilize (For a 4 MHz source clock)
0 0 Do not delay for the main clock to stabilize.
0 1 Approx. 2.05ms (212 source clock counts)
1 0 Approx. 8.19ms (215 source clock counts)
1 1 Approx. 65.54ms (218 source clock counts)
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[Bit 10] MCS

Selects the main clock or PLL clock as the machine clock. Writing "0" to this bit selectsthe PLL clock and
writing "1" selects the main clock. Writing "0" when the bit is"1" automatically clears the timebase timer
and the TBOF bit in the timebase timer control register so as to generate the delay time for the PLL clock
to stabilize. The delay time for the PLL clock to stabilize is fixed at 212 main clock cycles (approximately
2msfor a4 MHz source clock).

The operating clock when the main clock is selected is the main clock divided by 2. (This givesa2 MHz
operating clock for a4 MHz source clock.)

MCSisinitialized to "1" by a power-on, hardware standby, or watchdog reset.

Note:  When thevaue of MCSis"1", usethe TBIE bit or the ILM bitsin the CPU to mask the timebase
timer interrupt before writing "0" to MCS.

Also, you may not be able to write "0" to the MCS bit for 8 machine cycles after setting the bit to "1".
Always wait for at least 8 machine cycles before writing.

[Bits 9, 8] CS1, CSO

Selects the multiplier ratio for the PLL clock. The bits are initialized to "00" by a power-on reset but are
not initialized by resets triggered by the external pin or RST bit.

Writing to these bitsis not allowed when the MCS bit is"0". To set the CS bits, first set the MCS bit to "1"
(main clock mode).

The bits are readable and writable.

Table 2.12.3 CS Bit Settings

Cs1 CSO0 Machine Clock (For a 4 MHz source clock)

4 MHz (Operating frequency = OSC oscillation frequency)

8 MHz (Operating frequency = OSC oscillation frequency * 2)

12 MHz (Operating frequency = OSC oscillation frequency * 3)

Rl |O| O
R O|FL| O

16 MHz (Operating frequency = OSC oscillation frequency * 4)
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2.12.4 Operation

152

See Section 3.5 "Low Power Modes" for details on the operation of low power consumption modes.

(1) State transitions for clock switching

Figure 2.12.2 shows the state transitions for clock switching.

The oscillation stabilization delay time for the PLL clock is fixed at 213 main clock cycles (approximately
2msfor a4 MHz source clock).

Note: When operating on 5V, the OSC source clock can be in the range 3MHz to 16 MHz. However, the
maximum operating frequency for the CPU and peripheral resource circuitsis 16 MHz. The device
will not operate correctly if the multiplier setting results in this maximum being exceeded. For
example, always set the multiplier to 1 if using a16 MHz source clock.

Also, the minimum operating frequency for the VCO is 4 MHz. Do not specify an oscillation less
than this frequency.
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MCM =1

CS1/0 = xx

® MCS bit cleared.

Main=>PLLx
MCS =0
MCM =1
CS1/0 = xx

PLL1=Main
MCS =1
MCM =0
CS1/0=00

PLL multiplier =1
MCS =0

MCM =0
CS1/0=00

PLL2=Main
MCS =1
MCM =0
CS1/0=01

PLL multiplier = 2
MCS =0

MCM =0
CS1/0=01

PLL3=Main
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CS1/0=11

@ PLL clock oscillation stabilization delay complete and CS1/0 = "00"
® PLL clock oscillation stabilization delay complete and CS1/0 = "01"
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® PLL clock oscillation stabilization delay complete and CS1/0 = "11"
® MCS bhit set (including a hardware standby or watchdog reset)

® PLL clock and main clock synchronized timing

Fig. 2.12.2 State Transition Diagram for Clock Switching
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2.13 External Bus Pin Control Circuit

The external bus pin control circuit controls the external bus pins that extend the CPU's address/data bus
outside the device.

2.13.1 Registers
Auto-ready function select register

15 14 13 12 11 10 9 8 < BitNo.
Address: 0000A5H | IOR1 | IORO |HMR1|HMRO| ; | ; |LMR1 |LMRO| ARSR

Read/write = (W) W) (W) (W) O] O] (W) (W)
Initial value = 0) 0) 1) 1) O] O] 0) 0)

External address output control register

7 6 5 4 3 2 1 0 @ BitNo.
Address: 0000A6H | £23 | E22 | E21 | E20 | E19 | E18 | E17 | E16 | HACR
Readiwrie = (W) (W) W) W) W) W) W) (W)
Initial value = © © © © © © (© (©
Bus control signal select register
5 14 13 12 11 10 9 8 @ BitNo.
Address: 0000A7H | ; |LMBS | WRE |HMBS| IOBS | HDE | RYE | CKE | ECSR

Read/write = O] (W) (W) (W) (W) (W) (W) (W)
Initial value = O] 0) 0) (1/0) ©) 0) ©) 0)

2.13.2 Block Diagram

P1 data

P1 direction

RB

....................

#Data control

Address control

Access control Access control

Fig. 2.13.1 External Bus Pin Control Circuit

154 Chapter 2: Hardware



2.13 External Bus Pin Control Circuit

2.13.3 Register Details
(1) Auto-ready function select register
B Register layout

5 14 13 12 11 10 9 8 < BitNo.
Address: 0000A5H | IOR1 | IORO |HMR1 |HMRO| ; | ; |LMR1 | LMRO | ARSR

Read/write = (W) (W) (W) (W) O] -) (W) (W)
Initial value = 0) 0) 1) 1) O] O] 0) 0)

B Register contents
[Bits 15, 14] IOR1, IORO
These two bits specify the automatic wait function for external access of the area between 0000COH and

O00OFFH. The settings are as follows.
Table 2.13.1 Automatic Wait Function Selection for the External I/O Area
IOR1 IORO Setting

Automatic wait disabled

Insert an automatic wait of 1 machine cycle during external access.

Insert an automatic wait of 2 machine cycles during external access.

Rl O|O
R O|FL| O

Insert an automatic wait of 3 machine cycles during external access.

The bitsareinitialized to "00B".

[Bits 13, 12] HMR1, HMRO
These two bits specify the automatic wait function for external access of the area between 800000H and

FFFFFFH. The settings are as follows.
Table 2.13.2 Automatic Wait Function Selection for the Upper Memory Area
HMR1 HMRO Setting

Automatic wait disabled

Insert an automatic wait of 1 machine cycle during external access.

Insert an automatic wait of 2 machine cycles during external access.

Rl O|O

ROk ]|O

Insert an automatic wait of 3 machine cycles during external access.

Thebitsareinitialized to "11B".
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[Bits9, 8] LMR1, LMRO
These two bits specify the automatic wait function for external access of the area between 002000H and
7FFFFFH. The settings are as follows.

Table 2.13.3 Automatic Wait Function Selection for the Lower Memory Area
LMR1 LMRO Setting

Automatic wait disabled

Insert an automatic wait of 1 machine cycle during external access.

Insert an automatic wait of 2 machine cycles during external access.

Rl O|O
R O|Fr| O

Insert an automatic wait of 3 machine cycles during external access.

The bitsareinitialized to "00B".

(2) External address output control register
B Register layout

7 6 5 4 3 2 1 0 @ BitNo.

Address: 0000A6H | £23 | E22 | E21 | E20 | E19 | E18 | E17 | E16 | HACR
Read/write = (W) (W) (W) (W) (W) (W) (W) (W)
Initial value © @© © © © (0 (© (©

B Register contents
This register controls external output of address bits A23 to A16. Each bit controls its corresponding
address bit (A23 to A16) as follows.

Table 2.13.4 Output Control Selection for the Upper Address Bits

1 Set the corresponding pin as an address output (AXX).
0 Set the corresponding pin as an I/O port (PXX).

This register cannot be accessed when the device isin single-chip mode. In single-chip mode, al the pins
are set as 1/0 ports regardless of the contents of thisregister.

All bitsin this register are write-only. Reading always returns "1".
The bitsareinitialized to "0" by areset.

(3) Bus control signal select register

B Register layout

15 14 13 12 11 10 9 8 < BitNo.
Address: 0000A7H | ; |LMBS | WRE |HMBS| IOBS | HDE | RYE | CKE | ECSR

Read/write =
Initial value =

w W W W W W W

()
©) ) © @ © ) © )
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B Register contents
This register sets the bus operation control functions for external bus mode.

The register cannot be accessed when the device is in single-chip mode. In single-chip mode, all the pins
are set as 1/0 ports regardless of the contents of thisregister.

All bitsin this register are write-only. Reading always returns "1".

[Bit 14] LMBS
Specifies the bus size for external access of the area between 002000H and 7FFFFFH in 16-bit external
data bus mode. The settings are as follows.

Table 2.13.5 Bus Size Selection for the Lower Memory Area

0 16-bit bus size access [Initial value]

1 8-bit bus size access

Thebitisinitialized to "0" by areset.

[Bit 13] WRE
Controls the output of the external write signal (the WRHX and WRLX pins in 16-bit bus mode and the
WRX pinin 8-bit bus mode) as follows.

Table 2.13.6 Output Control Selection for External Writes

Operate as |/O ports (P54, P55). (Output of write signalsis disabled.) [Initia value]

1 Enable output of write strobe signals (WRHX/WRLX or WRX)

In 8-bit external data bus mode, P54 operates as an 1/0O port regardless of the value of this bit.
Thebitisinitialized to "0" by areset.

[Bit 12] HMBS
Specifies the bus size for external access of the area between 800000H and FFFFFFH in 16-bit external
data bus mode. The settings are as follows.

Table 2.13.7 Bus Size Selection for the Upper Memory Area

16-bit bus size access (Initial value for external vector modes 1 and 3)

8-bit bus size access (Initial value for external vector modes 0 and 2)

In external vector modes 0 and 2, the bit isinitialized to "1" by areset. In external vector modes 1 and 3,
the bit isinitialized to "0" by areset.
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2.13 External Bus Pin Control Circuit

[Bit 11] IOBS
Specifies the bus size for external access of the area between 0000COH and O000FFH in 16-bit external
data bus mode. The settings are as follows.

Table 2.13.8 Bus Size Selection for the External I/O Area

0 16-bit bus size access [Initial value]

1 8-bit bus size access

Thebit isinitialized to "0" by areset.

[Bit 10] HDE
This bit enables or disables /O for the hold request input (HRQ) and hold acknowledge output (HAKX)
pins as follows.

Table 2.13.9 Hold I/O Control Selection

Operate as /0O ports (P53, P52). (Disable hold function I/O.) [Initial value]
Enable hold request (HRQ) input and hold acknowledge (HAKX) output

Thebitisinitialized to "0" by areset.

[Bit9] RYE
Controlsthe external ready (RDY) input as follows.

Table 2.13.10 Input Control Selection for the External Ready

Operate as an 1/0 port (P51). (Disable the external RDY input.) [Initial value]

Enable the external ready (RDY) input.

Thebitisinitialized to "0" by areset.

[Bit 8] CKE
Controls the external clock (CLK) output as follows.

Table 2.13.11 Output Control Selection for the External Clock
Operate as an 1/O port (P50). (Disable clock output.)

Enable output of the clock signal (CLK).

Thebitisinitialized to "0" by areset.

2.13.4 Operation

The MB90610A has various modes for different access methods and access areas.
See 3.3 "Memory Access Modes' for details.

See 3.4 "External Memory Access' for details on the operation of external bus mode.
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2.14

2.14.1 Registers

Interrupt control registers
Address: ICRO1 0000B1H

ICRO3 0000B3H
ICRO5 0000B5H
ICRO7 0000B7H
ICRO9 0000B9H
ICROB 0000BBH
ICROD 0000BDH
ICROF 0000BFH

Read/write
Initial value

Interrupt control registers
Address: ICRO0 0000BOH

ICRO2 0000B2H
ICR04 0000B4H
ICRO6 0000B6H
ICRO8 0000B8H
ICROA 0000BAH
ICROC 0000BCH
ICROE 0000BEH

Read/write
Initial value

Interrupt Controller

The interrupt control registers are located in the interrupt controller. An interrupt control register is
provided for each I/O with an interrupt function. The registers have the following three functions.

15

14

13

12

* Set the interrupt level of the corresponding peripheral.

* Select whether to treat interrupts from the corresponding peripheral as standard interrupts or to activate
the extended intelligent 1/0O service.

» Select the extended intelligent 1/O service channel.

11

10

8

2.14 Interrupt Controller

< Bit No.

.
.

ICRxx

ICS3 | ICS2

ICS1

or
S1

ICSO

or
SO

ISE

IL2

IL1

ILO

w) (W)

©

©)

(RIW)

)

(RIW)

©

(RIW)

©)

(RIW)

@

(RIW)

(€))

(RIW)

(€))

0 < Bit No.

-

ICS3

ICS2

ICS1
or
S1

ICSO
or
SO

ISE

IL2

IL1

ILO

’ ICRxx

(W)
)

(W)
©

(RIW)
(0)

(RIW)
(0)

(RIW)
(0)

(RIW)
1)

(RIW)
1)

(RIW)
1)

Note: Do not access these registers using read-modify-write instructions as this can cause misoperation.
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2.14 Interrupt Controller

2.14.2 Block Diagram

4 4

«—/—>| ISE | L2 | L1 | ILO | —/—=| Determine priority of 32 Interrupt or 120S request
< , » | interrupt or 120S 7 (peripheral resource)
< | >

< | >

< | E—

- > I

< | [

- - I

< | [

< | >

< | [—

< | —

- > —

- L

- - .

- |

3
120S selection I—/—v (CPU)

Interrupt level
Ve

4 4 \
ICS3 | ICS2 ||c31 ||cso /| 120S vector selection

\

4
/ 120S vector
(CPU)

F2MC-16L BUS

A

¢ / 2, i 2
7 si S0 L;%iﬁgm;gi?ed 4_/— 120S completion condition

AAAAAAAAAAAAALAL

Fig. 2.14.1 Block Diagram of the Interrupt Controller
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2.14.3 Register Details
(1) ICR (Interrupt control register)

B Register layout

Note:

Note:
Note:

Interrupt control registers
Address: ICRO1 0000B1H

ICRO3 0000B3H
ICRO5 0000B5H
ICRO7 0000B7H
ICRO9 0000B9H
ICROB 0000BBH
ICROD 0000BDH
ICROF 0000BFH

Read/write
Initial value

Interrupt control registers
Address: ICR0O0
ICRO

0000BOH
2 0000B2H
ICR04 0000B4H
ICRO6 0000B6H
ICR0O8 0000B8H
ICROA 0000BAH
ICROC 0000BCH
ICROE 0000OBEH

Read/write
Initial value

B Register contents
(1) Interrupt level setting bits: ILO, IL1, IL2

The interrupt level setting bits specify the interrupt level of the corresponding internal resource. The bits
are readable and writable. The hits are initialized to level 7 (no interrupt) by areset. Table 2.14.1 lists the
relationship between the interrupt level setting bits and each interrupt level.

=
=

15

14 13

12 11

10 9

2.14

8

Interrupt Controller

<& Bit No.

'I

|l

T

1

ICRxx

ICS3

ICS2

ICS1 | ICSO
or or
S1 SO

ISE

IL2 IL1

ILO

(W)
©)

(W)
©

(RW)  (RIW)
(0) (0)

(RW)  (RW)  (RIW)

©

(€Y @

(RIW)
1)

0 <& Bit No.

-

]

. .
. .

R

]

ICS3

ICS2

ICS1 | ICSO
or or
S1 SO

ISE

IL2 IL1

ILO

’ ICRxx

(W)
©)

(W)
©)

(RW)  (RIW)
(0) (0)

(RIW)

(RW)  (RIW)
1) 1)

(RIW)
1)

ICS3 to 0 are only meaningful when EI20S is active. Set ISE to "1" when using EI20S and set | SE
to "0" when not using EI20S. Any values can be set to ICS3to 0 if EI20S is not used.

* Reading returns "1".
ICS1 and ICSO are write-only. S1 and SO are read-only.

Do not access these registers using read-modify-write instructions as this can cause misoperation.
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2.14 Interrupt Controller

Table 2.14.1 Correspondence Between Interrupt Level Setting Bits and Interrupt Levels
IL2 IL1 ILO Level

6 (Lowest interrupt level)

0 0 0 0 (Highest interrupt level)
0 0 1 1 A

0 1 0 2

0 1 1 3

1 0 0 4

1 0 1 5 v

1 1 0

1 1 1

7 (No interrupt)

(2) Extended intelligent I/O service enable bit: ISE

The processor activates EI20S if the ISE bit is"1" when an interrupt request occurs. If the ISE bit is"0",
the processor activates the interrupt sequence. The bit is readable and writable. The ISE bit changesto "0"
when EI20S completes. If the peripheral does not have an EI20S function, set the ISE bit to "0" by
software.

Initialized to "0" by areset.

(3) Extended intelligent I/O service channel select bits: ICS3to 0

These hits specify the EI20S channel. The bits are write-only. The value set in these bits determines the
memory address of the intelligent 1/O service descriptor, as described later. ICSisinitialized by areset.
Table 2.14.2 lists the correspondence between ICS, the channel number, and the descriptor address.
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2.14 Interrupt Controller

Table 2.14.2 Correspondence Between ICS, Channel Number, and Descriptor Address

ICS3 ICS2 ICS1 ICSO Channel Descriptor Address
0 0 0 0 0 000100H
0 0 0 1 1 000108H
0 0 1 0 2 000110H
0 0 1 1 3 000118H
0 1 0 0 4 000120H
0 1 0 1 5 000128H
0 1 1 0 6 000130H
0 1 1 1 7 000138H
1 0 0 0 8 000140H
1 0 0 1 9 000148H
1 0 1 0 10 000150H
1 0 1 1 11 000158H
1 1 0 0 12 000160H
1 1 0 1 13 000168H
1 1 1 0 14 000170H
1 1 1 1 15 000178H

(4) Extended intelligent 1/O service completion status: SO, S1

When EI20S completes, these bits can be referenced to determine the completion status. The bits are read-
only. The bitsareinitialized to "00" by areset.
Table 2.14.3 lists the relationship between the S bits and the completion status.

Table 2.14.3 S Bits and Completion Status

S1 SO Completion Status
Reserved
Stopped due to count completion
Reserved

1 1 Stopped by request from the internal

resource
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2.14 Interrupt Controller

(5) Interrupt vector allocation
Table 2.14.4 lists the allocation of MB90610A interrupt vectors.

Table 2.14.4 MB90610A Interrupt Vector Allocation

120S Interrupt Vector Interrupt Control Register
Interrupt
Support Number Address ICR Address
Reset X #08 08H FFFFDCH - -
INT 9 instruction X #09 09H FFFFD8H - -
Exception X #10 O0AH FFFFD4H - -
External interrupt #0 o] #11 0BH FFFFDOH ICROO 0000BOH
External interrupt #1 o] #13 ODH FFFFC8H ICRO1 0000B1H
External interrupt #2 o] #15 OFH FFFFCOH ICRO2 0000B2H
External interrupt #3 o] #17 11H FFFFB8H ICRO3 0000B3H
External interrupt #4 o] #19 13H FFFFBOH ICRO4 0000B4+
External interrupt #5 o] #21 15H FFFFA8H ICRO5 0000B5H
External interrupt #6 o] #23 17H FFFFAOH
_ ICRO6 0000B6H
UARTO transmit complete o] #24 18H FFFFOCH
External interrupt #7 o] #25 19H FFFF9O8H
, ICRO7 0000B7H
UARTL1 transmit complete o] #26 1AH FFFF94H
PPG #0 X #27 1BH FFFF90H
ICRO8 0000B8H
PPG #1 X #28 1CH FFFF8CH
16-bit reload timer #0 o} #29 1DH FFFF88H
. _ ICRO9 0000B9H
16-bit reload timer #1 o} #30 1EH FFFF84H
A/DC measurement complete o} #31 1FH FFFF80H ICR10 0000BAH
UART?2 transmit complete o] #33 21H FFFF78H
i i i ICR11 0000BBH
_Tlmebase timer interval X 434 201, FEEE74m
interrupt
UART2 receive complete #35 23H FFFF70H ICR12 0000BCH
UARTL1 receive complete #37 25H FFFF68H ICR13 0000BDH
UART Oreceive complete #39 27H FFFF60H ICR14 OO0OBEH
ai'gzl'e”te”“pt generation X #42 | 2An | FFFF54u ICR15 0000BFH

Note: O indicates 120S support (no stop request), © indicates 120S support (with stop request), and ~
indicates no 120S support.

Do not set 120S activation in ICRxx for resources that do not support 120S.

2.14.4 Operation
See 3.3 "Interrupts’ for details on the operation of interrupts and EI20S.
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3.1 Clock Generator

Chapter 3:
Operation

3.1 Clock Generator

The clock generator controls operation of the internal clock including the PLL clock multiplier, sleep,
timer, and stop functions. The internal clock is called the machine clock and one clock cycleis called a
machine cycle. The clock from the source oscillator is called the main clock and the clock from the
internal VCO iscalled the PLL clock.

Note: When operating on 5V, the OSC source oscillation can be in the range 3MHz to 16 MHz.

However, the maximum operating frequency for the CPU and peripheral resource circuits is 16
MHz. The device will not operate correctly if the multiplier setting results in this maximum being
exceeded. For example, always set the multiplier to 1 if using a 16 MHz source oscillation.

Also, the minimum operating frequency for the VCO is 4 MHz. Do not specify an oscillation less
than this frequency.

Figure 3.1.1 shows a block diagram of the clock generator circuit.

Reset
Interrupt

HSTX

Change to
stop mode

O
Oscillation stabilization O\ O

delay time selection

S Q

| Machine clock

S Q — Change to .
timer%r sleep Machine clock

mode - R selection

—o1ls ME=—

D5 0

O—-|— PLL multiplier

o

Timebase timer

’:D 1/2 1/2048 1/4 1/4 1/8

X0 X1 OA)OO

Watchdog |
interval selection

Monitoring timer

Watchdog reset

Fig. 3.1.1 Block Diagram of the Clock Generator Circuit
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3.2 Resets

3.2 Resets

3.2.1 Generating a Reset

On generation of areset source, the FPIMC-16L interrupts the currently executing processing and waits for
the reset to be cleared. The following events trigger areset.

O Generation of a power-on reset

O Release of the hardware standby state

O Watchdog timer overflow

O External reset request from the RSTX pin
O Software reset request

After a power-on reset or wake-up from stop mode, operation starts after a delay for the oscillation to
stabilize.

Note: Other than in stop mode, sampling of the external reset input is synchronized by the internal clock.
Therefore, reset inputs cannot be detected if the externally supplied clock is halted.

When using an external bus, the address generated by the device during a reset is indeterminate. All the
external bus access signals (RDX, WRL X, etc.) become inactive.

3.2.2 Operation After the Reset is Cleared

On removal of the reset trigger, the F2MC-16L outputs the address of the reset vector and reads the reset
vector and mode data. The reset vector and mode data are located in the 4 bytes from FFFFDCH to
FFFFDFH. On release of the reset, the data at these locations are moved by hardware to the registers
shown in Figure 3.2.1.

The bus mode after reading the reset vector and mode datais determined by the mode data.

—O®F2MC-16L CPU core® —

®Memory space® I—Mode
|-Registe]
FEFEDFH Mode data } —
FFFFDEH Reset vector bits 23 to 16 } Micro- ]
Reset
FFFFDDH | Reset vector bits 15 to 8 l Sequence
FFFFDCH Reset vector bits 7 to O ) - — PCB T

V—PC}

Fig. 3.2.1 Storage Location and Destination of the Reset Vector and Mode Data

Note: The mode register shown in the diagram becomes indeterminate immediately after areset. Always
store the optional mode datain memory so that the data can be set in the register.
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3.2 Resets

3.2.3 Reset Types
Table 3.2.1 lists the five different reset types. The machine clock and watchdog timer initialization

depends on the reset type.

The reset type can be determined from the reset type register.

Table 3.2.1 Reset Types

Delay for
Reset Reset Cause Machine Clock Watchdog Timer Oscillation
to Stabilize?
Power-on Power supply turned on Main clock Stopped Yes
Input of an "L" level to the .
Hardware standby HSTX pin Main clock Stopped Yes
Watchdog timer Watchdog timer overflow Main clock Stopped Yes
External pin Input of an "L" level to the | Holds the previous | Holds the No
P RSTX pin state previous state
Software Writing "0" to the RST bit | Holds the previous | Holds the No
in the STBYC register state previous state
* If a reset occurs in stop or hardware standby mode, the device waits for oscillation to stabilize

regardless of the reset type.

The delay for oscillation to stabilize after a power-on reset is fixed at 218 source oscillator cycles. For
other resets, the delay for oscillation to stabilize depends on CS1 and CSO in the clock selection
register.

Figure 3.2.2 shows the flip-flops for the various reset types. The content of these flip-flops can be read
from the watchdog timer control register. Therefore, if it is necessary to determine the reset cause after the
reset is cleared, read the watchdog timer control register by software and branch to the appropriate
program based on the register content. For reference, Figure 3.2.3 shows the structure of the watchdog
timer control register.

+ HSTX pin . RSTX pin
Power-on lHSTX=L® H l RSTX=L ‘ No periodic clear | RST pjt set
Power-on Hardware External reset Watchdog Write detect .
detect circuit standby wake-up request detect timer reset . circuit for RST bit
detect Circuit circuit detect circuit of STBYC
] | |
y * y ¢ Y ¢ y ¢ ¥ ¢ | ;
SE SE i gE] [EF i eose
Dela
g Q Q Q Q Gircutt
4
] Y Y Y WTC register read

F2MC-16 internal bus

Fig. 3.2.2 Block Diagram of the Reset Type Bits
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3.2 Resets

7 6 5 4 3 2 1 0  ©BitNo.

Address: 0000A8H::: [ PONR | sTBR [WRST | ERST [ SRST | wreE | wr1 | wro | wpTe
Read/write & (R) R (R R ® W W W
Initial value = (X) (X) (X) (X) (X) (1) (1) (1)

Fig. 3.2.3 WDTC (Watchdog Timer Control Register)

If more than one reset type occurs, the reset type bits are set in the watchdog timer control register for each
reset type that occurred. Accordingly, if an external reset request and watchdog reset occur
simultaneously, both the ERST and WRST bits are set to"1".

However, the power-on reset is an exception to this rule. When the PONR bitis"1", the values of the other

bits do not indicate correctly whether their respective reset types occurred or not. Therefore, when
developing software, ignore the values of the other reset type bitsif the PONR bit is"1".

Table 3.2.2 Value of the Reset Type Bits for Each Reset Type

Reset Type PONR STBR WRST ERST SRST
Power-on 1 - - - -
Hardware standby * 1 * * *
Watchdog timer * 1 * *
External pin * * * 1 *
RST bit * * * * 1

(The valuesindicated by * hold their previous values.)
The reset type bits are only cleared by reading the watchdog timer control register. Therefore, once a

particular reset type occurs, the corresponding reset type bit maintains the value "1", even if a different
type of reset subsequently occurs.
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3.3 Memory Access Modes

3.3 Memory Access Modes

3.3.1 Modes

The FPMC-16L has various modes for the different access methods, access areas, and test operation. The
modes for this module are classified as follows.

Operation mode Bus mode Access mode

External data bus width

16-bit

O RUN External ROM, external bus — [ 8-bit
O Various test functions

Address/data bus

Non-multiplex mode
Multiplex mode

W Operation mode

The operation mode controls the device operating status and is set by the mode setting pins (MDx) and the
Mx bits in the mode data. The operation mode can select normal operation, activation of the internal test
program, or activation of the special test functions.

W Bus mode

The bus mode controls the operation of the external access function. The mode setting pins (MDx) and the
Mx bits in the mode data determine the bus mode. The mode setting pins (MDx) specify the bus mode for
reading the reset vector and mode data. The Mx bits in the mode data specify the bus mode for normal
operation.

B Access mode
The access mode specifies the external data bus width and the address/data bus operation. The mode
setting pins (MDx) and the Sx hit in the mode data determine the access mode. The access mode specifies
the external data bus width (8-bit or 16-bit) and whether the address/data bus operates in non-multiplex or
multiplex mode.
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3.3 Memory Access Modes

3.3.2 Mode Pins
Table 3.3.1 lists the operations specified by the different MD2 to MDO external pin combinations.

Table 3.3.1 Relationship Between Mode Pins and Setting Modes

“ggi?n';'sn Mode Reset Vector External Data Address/ Remarks
MD2 MD1 MDO Access Area Bus Width Data Bus
0 0 O External vector mode 0 | External 8-bit )
Multiplex R - r
0O 0 1 External vector mode 1 | External 16-bit mode .eset vegt Oris accesse
via a 16-bit bus.
0O 1 0 External vector mode 2 | External 8-bit .
Non-multiplex - "
0 1 1 External vector mode 3 | External 16-bit mode Reset vegt Oris accesse
via a 16-bit bus.
1 0 O
1 0 1 o )
(Prohibited settings)
1 1 O
1 1 1
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3.3.3

3.3 Memory Access Modes

Mode Data

The mode data controls CPU operation and is located at FFFFDFH in main memory. The reset sequence
reads the mode data and loads it to the "mode register” in the device. Only the reset sequence can change
the content of the mode register.

The settings in the mode register apply after the completion of the reset sequence.

Always set the reserved bitsto "0".

Figure 3.3.1 shows the settings for each bit.
7 6 5 4 3 2 1 0

Modedata | M1 | Mo | o | st | so | o | o [ o |

Function expansion bits
(reserved area)

Mode setting bits

Bus mode setting bits

Fig. 3.3.1 FMode Data Structure

B Mode setting bits
These bits specify the bus mode and access mode after completion of the reset sequence. Table 3.3.3 lists
the functions set by the mode setting bits.

Table 3.3.3 Functions Set by the Mode Setting Bits

S1 SO Function Remarks
0 0 8-bit external data bus mode )
- Address/data bus multiplex mode
0 1 16-bit external data bus mode
10 8-bit external data bus mode | Address/data bus non-multiplex
1 1 16-bit external data bus mode | mode

W Bus mode setting bits
These bits specify the operation mode after completion of the reset sequence. Table 3.3.4 lists the
functions set by the bus mode setting bits.

Table 3.3.4 Functions Set by the Bus Mode Setting Bits
M1 MO Function Remarks
(Prohibited setting)

(Prohibited setting)
External ROM, external bus mode
(Prohibited setting)

Rl O|O

RO | O
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3.3 Memory Access Modes

Figure 3.3.2 shows the correspondence between the access area and physical address for each bus mode
setting.

FFFFFFH

002000H IX] : No access

Differs by model type #1

RAM |:| : Internal access
000100+ )
: External access
0000COH
000000+ S

External ROM, external bus
Note: The addresses marked "Differs by model type" depend on the model type.

Fig. 3.3.2 Relationship Between Access Areas and Physical
Addresses for Each Bus Mode

B Recommended setting example
Table 3.3.5 shows examples of recommended mode pin and mode data settings.

Table 3.3.5 Recommended Mode Pin and Mode Data Settings

Setting Example MD2 MD1 MDO M1 MO | Sl SO

External ROM/external bus mode, 16-bit bus, 16-bit bus for 0 0 1 1 0 0 1
vector access (Address/data bus multiplex mode)
External ROM/external bus mode, 8-bit bus (Address/data bus

i 0 0 0 1 0 0 O
multiplex mode)
External ROM/external bus mode, 16-bit bus, 16-bit bus for 0 1 1 1 0 1 1
vector access (Address/data bus non-multiplex mode)
External ROM/external bus mode, 8-bit bus (Address/data bus

. 0 1 0 1 0 1 0

non-multiplex mode)

Note: In the MB90610A series, a maximum area of 64KB can be accessed when output of the upper
address (A23to A16) is disabled.
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3.3 Memory Access Modes

The signals input or output via the external pins connected to this module vary depending on the mode.
Table 3.3.5 lists the operation of the mode-dependent external pins.

Table 3.3.5 Operation of Mode-Dependent External Pins

Function
Non-Multiplex Mode Multiplex Mode
External Address Control External Address Control
Pin Enabled (Address) Disabled (Port) Enabled (Address) Disabled (Port)
External .Bus External .Bus External .Bus External Bus Expansion
Expansion Expansion Expansion
8-Bit ‘ 16-Bit 8-Bit ‘ 16-Bit 8-Bit ‘ 16-Bit 8-Bit ‘ 16-Bit

igg;otg%’o D07 to 00 ADO7 to 00
P17 to 10/
D15to 08 Port D15to 08 Port D15to 08 | A15to 08 | AD15 to 08 Al15to 08 AD15 to 08
AD15 to 08
ZS; g ég/ AO7 to 00 AO7 to 00

Port
Zf; h gg/ Al5 to 08 Al5 to 08
Z‘Z‘; h ‘1‘2/ A231t0 16 Port A231t0 16 Port
ALE ALE ALE
RDX RDX RDX
P55/WRLX WRLX WRLX
P54/WRHX Port WRHX Port WRHX Port WRHX Port WRHX
P53/HRQ HRQ HRQ
P52/HAKX HAKX HAKX
P51/RDY RDY RDY
P50/CLK CLK CLK

Note: The upper address, WRLX, WRHX, HAKX, HRQ, RDY, and CLK can be set for use as ports by

function selection.
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3.4 External Memory Access

3.4 External Memory Access

The F2IMC-16L provides the following address, data, and control signals for accessing external memory or

peripherals.
> CLK (P50): Outputs the machine cycle clock (KBP)
>RDY (P51): External ready input pin

>WRHX (P54): Write signal for the upper 8 bits of the data bus
DWRLX (P55): Write signal for the lower 8 bits of the data bus
> RDX: Read signal

DALE: Address latch enable signal (in multiplex mode)

3.4.1 External Memory Access Control Signals

External memory access is performed in 3 cycles if the ready function is not used. Figure 3.4.1 shows an
overview of the external accesstimings.

A function is available to perform 8-bit bus access in 16-bit external bus mode. This allows reading and
writing of 8-bit peripheral chipsin systems where both 8 and 16-bit peripheral chips are connected to the
external bus. As 8-hit bus access uses the lower 8 bits of the data bus, connect 8-bit peripheral chipsto the
lower 8 bits of the data bus.

In 16-bit external bus mode, the HMBS, LMBS, and IOBS bits in EPCR specify whether to perform 8 or
16-bit bus access.

In multiplex mode, it is possible that only the address output and ALE assert output are performed and, by
not asserting RDX, WRL X, and WRHX, actual bus operation is not performed. Do not perform peripheral
chip access using the ALE signal only.
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3.4 External Memory Access

U External 8-bit bus mode (Non-multiplex mode)

~— Read > Write > Read
psoclk | L L L LI L L LI 1
P54/WRHX i (Port data) : f f ; ! :
P55/WRLX g S —
RDX4—I—I . : : .
ALE S : S

P47 to 40/A23 tol16 X Read address X"Write address X'Read address
P37 to 30/A15 to 08 X Read address X:\Nrrte address X Read address

P27 to 20/A07 to 00 :)CRead address —X:Wrrte address_,—_)CRead address
P17 to 10/D15 to 08— ' '
TADIE to 08—— (Port Idata) . : : : : :
D07 to 00/ADO7 to 00 : : —
4+ Readdata 1+ Write data’

U External 8-bit bus mode (Multiplex mode)

«—— Read > Write - Read
psocbk [ L L LI LI L L LI 1
P54/WRHX ——(Port data) : f f : : :
P55/WRLX ™ ' g S
RDX4—I—I : : : )
ALE S S

P47 to 40/A23 tol6 ::)CRead address
P37 to 30/A15 to 08__(Port data) .
P27 to 20/A07 to 00 __(Port data)

CWrite address::)CRead address

PLT 10 10/B18 10 08— Cugre, ————wn.,
D07 tO OO/ADO7 tO OO_,—_x:address:)_._<:>_(:Wadrétreess ( r x gggrdess
{ " Read data ﬁ Wrrte data

Fig. 3.4.1 Timing Chart for External Memory Access

175
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U External 16-bit bus mode (Non-multiplex mode)

'<Even address word read ' «-Even address word write—pm «———

pso/cLk L[ L[ L LI L LI [ 1
P54/WRHX S B
P55/WRLX ' gy R :

RDx—l__r e
ALE ! 1 I

P47 to 40/A23 to16 x Read address X"Write address X 'Read address
P37 to 30/A15 to 08 X Read address X:Wrrte address X Read address
P27 to 20/A07 to 00 :)(:Read address _'_X:Wrrte address X Read address
P17 to 10/D15 to 08 ::) (:) { : T -
/AD15 to 08 . : :
D07 to 00/ADQ7 to 00 :)—(:)—( : : —

4+ Readdata 1 Write data’

*Design external circuits to always perform word reads.

U External 16-bit bus mode (Multiplex mode)

‘«Even address word read—»«Even address word write—sm «———

pso/cLk [ L LI L[ 1L °LI ©LI ©L_[T1

P54/WRHX : S B :

P55/WRLX ! : g
RDX4—I—I : : : -
ALE ] . I

P47 to 40/A23 to16 X Read address
P37 to 30/A15 to 08 Port data
P27 to 20/A07 to 00_ _PO” data : ; ; .
P17 to 10/D1 : Read L — —Writ : ; Read
o /(/)A{Dlg %8 83 :x:agjre%:) ' — (—addreiess—x—l—-—[a;c?ress
D07 to 00/ADO7 to 00 _ixf*ead o “;{;g;ssj;—'_[:j;‘;s

address

X_Write address . \'Read address

{+ ' Read data " {+ Write data’

*Design external circuits to always perform word reads.

Fig. 3.4.1 Timing Chart for External Memory Access
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3.4 External Memory Access

3.4.2 Ready Function

Access to low-speed memory or peripheral circuits can be performed by using the PS1/RDY pin and by
setting the auto-ready function selection register (ARSR).

When the RYE bit in the bus control signal selection register (EPCR) is set to "1", the access cycle can be
extended during access of an external area by treating the period while an "L" level is input to the P51/
RDY pin aswait cycles.

U Non-multiplex mode

~—— Even address word read ——<— Even address word write

psorcLk | L L L] L[ [ L[ L[ 1
P54/WRHX ; ; : ; ; T
P55/WRLX : : f f E ; :

RDX—T &+ | ! ! | . .
ALE _. l_l Z Z Z I_I .

P47 to 40/A23 to16 _tx: Read address — : : X Write address _
P37 to 30/A15 to 08 —.—_x Read address . : : ¥ Write address ——
P27 to 20/A07 to 00 —__x Read address 5 X Write address —
P17 to 10/D15 to 08 ——— ' T Y o

/AD15 to 08 — . . . . ; . ;
D07 to 00/ADO7 to 00 ) : : D

P51/RDY . L : [0

T ' ' : " Wi
Check RDY pin level 1 Readdata {1 Write data

«—— Even address word read ——'<— Even address word write

(S1107/o1 I G R T N S N s s s O s R e
P54/WRHX . : : . . ) ;
PS5/WRLX — : ; : :

RDX T . : : | ;
ALE _. [ Z : ; : 1 .

P47 to 40/A23 to16 ——— Write address — : — Read address —
P37 to 30/A15 to 08—y Write address —, : : y Read address —
P27 to 20/A07 to 00 ) Write address —— 5 .Y Read address —
P17t010/D15t008 =—— |  — : : — ;

JAD15 to 08 — ; ; ; ; T
D07 to 00/ADO7 to 00 ——_——_" f f —

4+ Write data -
: : 4 o '
Cycle extended by auto-ready

Fig. 3.4.2 Ready Timing Chart
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3.4 External Memory Access

O Multiplex mode

~——— Even address word read ——<— Even address word write

pso/cLk | L L L] L[ [ L[ L[ 1
P54/WRHX . : : . . ; X
P55/WRLX ; ; 5 5 : ; .

RDX™T | : : | - .
ALE_. ] i : : S .
P47 to 40/A23 to16 ——x Read address — : — Write address —

P37 to 30/A15 to 08 ——(Port data)
P27 to 20/A07 to 00 ——(Port data)

P17 to 10/D12 19 98 — o Stes 7— j S e o i S E—
DO7 to 00/ADO7 to 00 —_ X Siitss J— j o S S W GE—

P51/RDY . L : [0

8h:eck RBY pin Ievc:el i :Read data ﬁ: Write data
~—— Even address word read ——'=— Even address word write
psocek L L[ L[ [T __J LI L] 1
PS4/WRHX : 1 j 5 '
P55/WRLX—| I X ! | ' !
RDX . . I I : . I
P s S S S S S o M
P47 to 40/A23 t016 X Write address . ; X X Read address—
P37 to 30/A15 to 08— (Port data) — ' ' ' i Z
P27 to 20/A07 to 00— (Port data) — , , , - ;
P17 to 1/O/D15 to 08::x:\a/\c’1rciitreess . . . . X:g-c?r%ss -

15to 08
D07 to 00/ADO7 to 00 X \a"é'étreess ' ' ' ' Bdss ——

1+ Write data

@ 3
Cycle extended by auto-ready

Fig. 3.4.2 Ready Timing Chart

The FAMC-16L has two built-in auto-ready functions for external memory. Auto-ready functions are
provided for accessing the lower address external arealocated between addresses 002000H and 7FFFFFH

and for accessing the upper address external area located between addresses 800000H and FFFFFFH. The

auto-ready function can extend the access cycle automatically by inserting between 1 and 3 wait cycles,
without the need for an external circuit. Thisfunction is activated by setting the LMR1 and LMRO bits (for
the lower external address area) and the HMR1 and HMRO bhits (for the upper external address area) in the
ARSR register.

The FPMC-16L also has a built-in auto-ready function for external /O that is independent of the auto-
ready function for memory. The auto-ready function can extend the access cycle automatically by

inserting between 1 and 3 wait cycles, without the need for an external circuit, when an external area

between addresses 0000COH and O000FFH is accessed. The function is activated by the IOR1 and IOR0O
bits of the ARSR register.
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3.4 External Memory Access

For both the external memory and external 1/0 auto-ready functions, if the RY E bit in the EPCR register is
set to "1", the wait cycles continue after the wait cycles inserted by the auto-ready function are complete
for aslong asan "L" level isinput to the PS1/RDY pin.

Figure 3.4.3 shows the structure of the ARSR and EPCR registers.

Auto-ready function

Selecti(ORFggg@gte” 15 14 13 12 11 10 9 8 @Bit No.
Address: 0000A5+ | IOR1 [ IORO [HMR1 [HMRO [ - [ - [LMRL [LMRO | "~ ARSR
Readiwrite & (W) (W) (W) W) () ) W) (W)
Initial value = (0) (0) (1) (1) ) ) (0) (0)
BUIS control signal
SelectoLEater 15 14 13 12 11 10 9 8 ©Bit No.
Address: 0000A7# | - | LMBS| WRE [HMBS [ 10BS [ HDE [RYE [CKE |  EPCR

Read/write =
Initial value =

w)y (W w)y W) (W) (W) (W)

¢
¢ (0) (0) (170) (0 (0) (0) (0)

Fig. 3.4.3 Structure of the Auto-Ready Function Selection Register and
Bus Control Signal Selection Register
3.4.3 Hold Function

The external bus hold function is activated by the P5S3/HRQ and P52/HAKX pins if the HDE bit of the
EPCR register is set to "1". Inputting an "H" level to the P53/HRQ pin initiates the hold state after
completion of the current CPU instruction (or after completing one data element in a string instruction). In
the hold state, the device outputs an "L" level from the P52/HAKX pin and sets the following pinsto high
impedance.

O Non-multiplex mode
* Address output PA7/A23 to P40/A16, P37/A15 to P30/A08, P27/A07 to P20/A00

» Datal/O P17/D15/AD15 to P10/D08/ADO08, DO7/ADO7 to DOO/ADOO
» Buscontrol signals RDX, PS5/WRL X, P54/WRHX

O Multiplex mode
» Address output PA7/A23 to PA0/A16

» Address/datal/O P17/D15/AD15 to P10/D08/ADO08, DO7/ADO7 to DOO/ADOO
» Buscontrol signals RDX, PS5/WRL X, P54/WRHX

This enables external circuits to use the external bus.

Inputting an "L" level to the P53/HRQ pin changes the output of the P52/HAKX pin to the "H" level,
restores the external pin statuses, and restarts CPU operation.

Hold request inputs are ignored in stop mode.
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3.4 External Memory Access

U Hold timing (external 16-bit bus mode) Non-multiplex mode

Read cycle —: <«——— Hold cycle ——; ~— Write cycle
psoick [ L [ L [ L I L[ L [ L[
P53/HRQ . 5 5 | a 1 1 |
P52/HAKX ! | |
P54/WRHX I—
P55/WRLX | : N /—I_
P5S6/RDX - '] ~\ s :
N R
P47 to 40/A23 to 16 I(Addres‘;sﬁ (Address)
P37 to 30/A15 to 08 ::(Addres%s) (Adidress)
P27 to 20/A07 to 00 :E(Addres:s) (Ad:dress)

P17 to 10/D15 to 08
/AD15 to 08

P07 to 00/D07 to 00

{'Read data - f f f f Write dataf

U Hold timing (external 16-bit bus mode) Multiplex mode

Read cycle —; Hold cycle ——; ~— Write cycle

psorctk [ [ L LT 1T 1| L[ LT 1
PS3/HRQ _ f 5 : g I

P52/HAKX ! Z : |

P54/WRHX

PS5/WRLX | .
P56/RDX - |

ALE

N

P47 to 40/A23t0 16 ' (Address) > : : : (Ad:dress)

P37 to 30/A15t0 08 . Port daia

—_— '

P27 to 20/A07 to 00 __ ' Port dat

P17 to 10/D15 to 08 — 5 : : : : OXX KAddress)X

JAD15 to 08
P07 to 00/D07 to 00 — : : : : : OO Address)X

1{Read data. : : : : Write data

Fig. 3.4.4 Hold Timing
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3.5 Low Power Modes

3.5 Low Power Modes

The following operation modes are available: PLL clock mode, PLL sleep mode, timer mode, main clock
mode, main sleep mode, stop mode, and hardware standby mode. Operation modes other than PLL clock

mode are classified as low power consumption modes.

In main clock mode and main sleep mode, the device operates on the main clock only (OSC oscillator
clock). The PLL clock (VCO oscillator) is halted in these modes and the main clock divided by 2 is used
as the operating clock. In PLL sleep mode and main sleep mode, the CPU's operating clock only is halted
and other elements continue to operate. In timer mode, only the timebase timer operates. Stop mode and
hardware standby mode halt the oscillator, maintaining existing data with minimum power consumption.

The CPU intermittent operation function provides an intermittent clock to the CPU when register, internal
memory, internal resource, or external bus access is performed. This function reduces power consumption
by lowering the CPU execution speed while still providing a high-speed clock to internal resources.

The PLL clock multiplier can be selected as 1, 2, 3, or 4 by the CS1, 0 bits.

Table 3.5.1 shows the state of each chip section in each operation mode.

Table 3.5.1 Operating States in Low Power Modes

State Transition Oscillation | Clock cpy | Peripheral Pins How to Exit
Condition s

. MCS=1 . . . . Reset

Main sleep SLp=1 Operating Operating Halted Operating Operating Interrupt
MCS=0 . . . . Reset

PLL sleep SLpP=1 Operating Operating Halted Operating Operating Interrupt
. _ MCS=0 . Hold current | Reset

Timer (SPL=0) STP=1 Operating Halted Halted Halted levels Interrupt
. _ MCS=0 . Reset

Timer (SPL=1) STP=1 Operating Halted Halted Halted HI-Z Interrupt
_ MCS=1 Hold current | Reset

Stop (SPL=0) STP=1 Halted Halted Halted Halted levels Interrupt
_ MCS=1 Reset

Stop (SPL=1) STP=1 Halted Halted Halted Halted HI-Z Interrupt

Hardware HSTX=L Halted Halted Halted Halted HI-Z HSTX=H

standby
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3.5 Low Power Modes

Figure 3.5.1 shows the structure of the low power mode control register and clock selection register.

B L PMCR (Low power mode control register)

Address: 7 6 5 4 3 2 1 0 < Bit No.

OOOOAOH::: [ stP | stP [ sPL | RST [resened] CG1 | CGO [Reserved| LPMCR

Read/write & (W) W)  RW) (W) () RW) RW) ()
Initial value = (0) (0) (0) (1) (1) (0) (0) (0)

B CKSCR (Clock selection register)

Address: 15 14 13 12 11 10 9 8  ®Bit No.

0000A1H [Reserved| MCM | WS1 | ws2 [Reserved| MCS | cs1 | cso | ckscr
Read/write = () R (RW) RW) () RW) RW) (RW)
Initial value = (1) (1) (1) (1) (1) (1) 0) 0)

Fig. 3.5.1 LPMCR and CKSCR

Note: Accessing the low power mode control register:

Writing to the low power mode control register changes to the specified low power mode (stop
mode or sleep mode). However, when changing to a low power mode, always use one of the
instructions listed in Table 3.5.2. Using instructions other than those listed in Table 3.5.2 can
cause misoperation. However, any instruction can be used on the low power mode control register
when controlling functions other than changing to alow power mode.

Always write to an even-numbered address when performing a word-length write to the low

power mode control register. Changing to a low power mode by writing to an odd-numbered
address may cause misoperation.

Table 3.5.2 Instructions to Use When Changing to a Low Power Mode

MQV io,#imm8 MOV dir,#imm8 MOV eam,#imm8 MOV eam,Ri
MOV io,A MOV dir,A MOV addrl6,A MOV eam,A
MOV @RLi+disp8,A MOVP addr24,A

MOVW io,#imm16 MOVW dir,#imm16 MOVW eam,#mm16 MOVW eam,RWi
MOVW io,A MOVW dir,A MOVW addr16,A MOVW eam,A
MOVW @RLi+disp8,A MOVPW addr24,A

SETB io:bp SETB dir:bp SETB addrl6:bp
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3.5 Low Power Modes

The following describes the operation for each mode.

(1) Sleep mode
® Transition to sleep mode

Writing "1" to the SLP bit and "0" to the STP bit in the low power mode control register sets the standby
control circuit to sleep mode. In sleep mode, only the clock supplied to the CPU stops. The CPU halts but
the peripheral circuits continue to operate.

If an interrupt request is present when "1" is written to the SLP bit, the standby control circuit does not
change to sleep mode. Therefore, if the CPU cannot receive the interrupt, the CPU proceeds to execute the
next instruction. If the CPU can receive the interrupt, execution immediately branches to the interrupt
processing routine.

Sleep mode maintains the contents of internal RAM and the contents of the accumulator and other special
registers. The external bus hold function continues to operate in sleep mode. The device goes to the hold
state if ahold request is received.

® \Wake-up from sleep mode

The standby control circuit exits sleep mode when a reset input or interrupt occurs. When sleep mode is
cleared by areset, the device enters the reset state after waking up from sleep mode.

The standby control circuit exits sleep mode when an interrupt request with ahigher priority than level 7is
generated by a peripheral circuit or other source. Normal interrupt processing starts after exiting sleep
mode. The CPU executes interrupt processing if the I flag, ILM, and interrupt control register (ICR)
settings allow the interrupt to be received. If the CPU cannot receive the interrupt, execution continues
from the next instruction after the instruction that entered sleep mode.

Note: When executing interrupt processing, the device normally enters interrupt processing after
executing the next instruction after the instruction that entered sleep mode. However, the device
may enter interrupt processing before execution of the next instruction if an external bus hold
request was received at the same time as the device changed to sleep mode.

(2) Watch mode

® Transition to watch mode

Writing "1" to the STP bit in the low power mode control register when the MCS hit in the clock selection
register is"0" sets the standby control circuit to watch mode. In watch maode, all operation halts except for
the source oscillator and timebase timer. This halts aimost all chip functions.

The SPL hit in the low power mode control register controls whether 1/0O pins hold their existing states or
change to high impedance during watch mode.

If an interrupt request is present when "1" is written to the STP bit, the standby control circuit does not
change to watch mode.
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184

Watch mode maintains the contents of internal RAM and the contents of the accumulator and other
dedicated registers. The external bus hold function halts in watch mode and hold request inputs are not
accepted. It is possible that the bus changes to the Hi-Z state but the HAKX signal does not changeto "L"
if ahold request isinput during transition to watch mode.

® Releasing watch mode

The standby control circuit releases watch mode when areset input or interrupt occurs. When watch mode
isreleased by areset, the device enters the reset state after releasing watch mode.

When recovering from watch mode, the standby control circuit first releases watch mode, then delays for
the PLL clock oscillation to stabilize. Asthe MCS bit is not cleared by an external reset, the reset sequence
is executed using the main clock if the duration of the reset is shorter than the PLL clock oscillation
stabilization delay. As the timebase timer is not cleared, the PLL clock oscillation stabilization delay time
will vary between 213 and 3 * 213 main clock cycles, depending on the state of the timebase timer.

The standby control circuit releases watch mode when an interrupt request with ahigher priority than level
7 is generated by a peripheral circuit or other source. Normal interrupt processing starts after releasing
watch mode. The CPU executes interrupt processing if the | flag, ILM, and interrupt control register (ICR)
settings allow the interrupt to be received. If the CPU cannot receive the interrupt, execution continues
from the next instruction after the instruction that entered watch mode.

Note: When executing interrupt processing, the device normally enters interrupt processing after
executing the next instruction after the instruction that entered watch mode. However, the device
may enter interrupt processing before execution of the next instruction if an external bus hold
reguest was received at the same time as the device changed to watch mode.

Note: The device enters the PLL clock oscillation stabilization delay state after releasing watch mode.
Therefore, if not using the PLL clock, change the MCS bit to "1" immediately after the reset or in
thefirst instruction at the interrupt destination.

(3) Stop mode

® Transition to stop mode

Writing "1" to the STP bit in the low power mode control register when the MCS hit in the clock selection
register is"1" sets the standby control circuit to stop mode. Stop mode stops the source oscillator, halting
all chip functions. Therefore, this mode can maintain data with minimum power consumption.

The SPL bit in the LPMCR register controls whether I/O pins hold their existing states or change to high
impedance during stop mode.

If an interrupt request is present when "1" is written to the STP bit, the standby control circuit does not
change to stop mode.
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Stop mode maintains the contents of internal RAM and the contents of the accumulator and other special
registers. The external bus hold function halts in stop mode and hold request inputs are not accepted. It is
possible that the bus changes to the Hi-Z state but the HAKX signal does not change to "L" if a hold
reguest isinput during transition to stop mode.

® \Wake-up from stop mode

The standby control circuit exits stop mode when a reset input or interrupt occurs. When stop mode is
cleared by areset, the device enters the reset state after waking up from stop mode.

When recovering from stop mode, the standby control circuit first delays for the oscillation to stabilize,
then exits stop mode. Therefore, if stop modeis exited by areset, the reset sequence does not execute until
after the oscillation stabilization delay.

The standby control circuit clears stop mode when an interrupt request with ahigher priority than level 7is
generated by a peripheral circuit or other source. After wake-up from stop mode, normal interrupt
processing starts after the delay for the main clock oscillation to stabilize. The duration of the delay is
specified in the WS1 and WSO bits in the CKSCR register. The CPU executes interrupt processing if the |
flag, ILM, and interrupt control register (ICR) settings allow the interrupt to be received. If the CPU
cannot receive the interrupt, execution continues from the next instruction after the instruction that entered
stop mode.

Note: When executing interrupt processing, the device normally enters interrupt processing after
executing the next instruction after the instruction that entered stop mode. However, the device
may enter interrupt processing before execution of the next instruction if an external bus hold
request was received at the same time as the device changed to stop mode.

(4) Hardware standby mode
® Entering hardware standby mode

Applying an "L" level to the HSTX pin sets the standby control circuit to hardware standby mode,
regardless of the current state. Hardware standby mode halts the oscillator and sets all 1/0 pins to high
impedance. The mode continues for as long as the HSTX pin is "L" and is unaffected by other states,
including resets.

Hardware standby mode maintains the contents of internal RAM, but initializes the accumulator and other
special registers.

® \Wake-up from hardware standby mode
Hardware standby mode can only be cleared by the HSTX pin. When the HSTX pin changes to the "H"
level, the standby control circuit clears hardware standby mode, asserts the internal reset signal, and enters

the oscillation stabilization delay state. After the oscillation stabilization delay completes, the standby
control circuit clears the internal reset and the CPU starts execution from the reset sequence.
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(5) CPU intermittent operation function

The CPU intermittent operation function halts the clock to the CPU for a fixed duration when register,
internal memory (ROM, RAM, I/O, or resource), or external bus access is performed and delays the start
of the internal bus cycle. This function reduces power consumption by lowering the CPU execution speed
while still providing a high-speed clock to internal resources. The CG1 and CGO bits specify the number
of clock cyclesthat the CPU clock is stopped.

External bus operation uses the same clock as the resources.

The instruction execution time when the CPU intermittent operation function is used is calculated by
adding a correction value to the normal execution time. The correction value is determined by multiplying
the number of cycles that the clock is stopped by the number of register, internal memory, internal
resource, or external bus accesses.

Peripheral clock
cpUclock — LI LT L LI

- Cycles temporarily stopped - #tInternal bus activation cycle
by intermittent opération

(6) Setting the oscillation stabilization delay time

The WS1 and WSO bits select the oscillation stabilization delay time used on release of stop mode or
hardware standby mode, or when a watchdog reset occurs. Set the oscillation stabilization delay time
based on the type and characteristics of the oscillator circuit and oscillator element connected to the X0
and X1 pins.

These bits are not initialized by resets other than the power-on reset. The bits are initialized to "11" by a
power-on reset. Therefore, the oscillation stabilization delay after power-on is approximately 218 counts of
the source oscillator.

(7) Switching the machine clock

® Switching between the main clock and PLL clock
Operation can be switched between the main clock and the PLL clock by writing to the MCS bit in the
CKSCR register.

If the MCS bit is changed from "1" to "0", the device switches from the main clock to the PLL clock after
the oscillation stabilization delay for the PLL clock (212 machine clocks).

If the MCS hit is changed from "0" to "1", the device switches from the PLL clock to the main clock at the
next timing when the PLL and main clock edges match (after between 1 and 8 PLL clocks).

Note that the machine clock does not switch immediately after changing the MCS bit. Therefore, when
using resources that depend on the machine clock, check the MCM bit to confirm that the clock switch has
occurred before using the resource.

® |nitializing the machine clock

The MCS bit is not initialized by external pin and RST bit resets. Other resetsinitialize MCSto "1".
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3.5 Low Power Modes

Figure 3.5.2 shows the state transitions for the low power modes.

)
&)
3
4
®)
(6)
O

@)

'

(©)]
- Power-on
Hardware .| Oscillation
~"| stabilization
™ delay
S}ﬁgggy - Reset
3 (3)
A @
1
O\ @
] Y
Oscillation
stabilization R B ©)
eset - Watch
delay
@ (11)
@ ©)| A
(5)
3) 13) (3) (11)
@) )
»| PLL clock
Main clock
Stop mode ©| RUN mode (10) —(7)
h - RUN mode
T (6) A A
(5)
]
4 5 @4 (12) (12)
Y Y
(3) <— Main clock PLL clock | (3)
(7) <-— sleep mode sleep mode —» (7)

Completion of the oscillation stabilization delay
Reset released, MCS = "1"

Reset input

SLP ="1", MCS ="1"
Interrupt input

STP ="1", MCS ="1"
Hardware standby input

(8) Wake-up from hardware standby
(9) MCsS="0"

(10) MCS ="1"

(11) STP="1", MCS ="0"

(12) SLP ="1", MCS ="0"

(13) Reset released, MCS ="0"

Fig. 3.5.2 State Transitions for Low Power Modes
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3.6 Pin States During Sleep, Stop, Hold, and Reset
Tables 3.6.1 to 3.6.4 list the pin states for each bus mode during stop, hold, and reset.

Table 3.6.1 Pin States in External Bus/16-Bit Data Bus Mode and Non-Multiplex Mode

Stop Hardware
Pin Slee Hold Reset
P SPL=0 SPL=1 Standby
D07 to DOO Input disabled Input disabled Input disabled
D15 to D08 Hi-Z output Hi-Z output Input disabled Hi-Z output
A07 to A0O Output Output Hi-Z output
A15 to AO8 (Note 1) (Note 1)
I o Output
A23to A16 Output Output I-ri]ir-);toul;s;ute (Note 1)
(Note 1) (Note 4) (Note 1) (Note 4) (Note 4)
Input disabled Input disabled Input disabled
P50 (CLK) Output enabled Output Output enabled
(Note 2) (Note 4) (Note 1) (Note 4) (Note 2) (Note 4)
Input disabled
P51 (RDY) | . Hold previous Ir?put Output "H" Output "H"
FNoofepgt)ewous state | ite disconnected | (Note 3) (Note 4) | (\ore 3) Input
P52 (HAKX) (Note 5) Hi-Zoutput | oytput L disconnected
P53 (HRQ) (Note 6) T Hi-Z output
P (Note 6)
P54 (WRHX) Output "H" Output "H" Output "H"
P55 (WRLX) (Note 4) (Note 4) (Note 3) (Note 4)
RDX Output "H" Output "H" Output "H"
Output "H" Outout bied
. . (Note 3) utput enable
ALE Output "L Output "L (Note 2)
P67 to P60 _ Input disabled
P86 to P81 Hold previous Hi-Z output
P95 10 P Hold previous state Sate Hold previous
PA7 to PAL (Notep5) (Note 5) state Output "H"
CSo (Note 5) (Note 3)
P76 to P70 Input disabled
P80 Input enabled Hi-Z output

Notel: The "output" state means that drive is enabled for the pin driver transistor but, as the internal
circuit is not operating, the output is fixed at the"H" or "L" level.

The output may change at timings other than during areset if the internal peripheral circuit is
operating and uses the output function. The output does not change during a reset.

Note2: "Output enabled" means that, as the drive for the pin driver transistor is enabled and operation
of theinternal circuit is enabled, output from the internal circuit appears at the pin.

Note 3:  Operates as a pulled-up output.

Note4: When used as an output port, the pin holds its previous state.

Note5: "Hold previous state" means the pin continues to output the state output immediately before
entering this mode. For input pins, this means that input is disabled. For output pins belonging
to internal peripherals that continue to operate, continuing to output the current output state
means that the pin continues to output the value set by the internal peripheral. For port or
similar output pins, it means that the pin holds its current output level. "Input disabled" means
that, although operation of the input gate for the pin is enabled, the pin value is not recognized
internally because the internal circuit is not operating.

Note6: "Input disconnected" means that operation of the input gate for the pin is disabled. "Hi-Z
output” means that drive is enabled for the pin driver transistor and the pin goes to the high
impedance state.
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3.6 Pin States During Sleep, Stop, Hold, and Reset

Table 3.6.2 Pin States in External Bus/8-Bit Data Bus Mode and Non-Multiplex Mode

] Stop Hardware
Pin Sleep SPL=0 SPL=I Hold Reset Standby
Input disabled Input disabled Input disabled Input disable
D07 10 BOO Hi-Z output Hi-Z output Hi-Z output Hi-Z output
AO07 to A0O Output Output Input disabled
A15 to A08 (Note 1) (Note 1) Hi-Z output
Input disabled E)utput )
Output Output e Note 1
A2310 A16 (Note 1) (Note 4) | (Note 1) (Note 4) :\;cieozgpm
Input disabled Input disabled Input disabled
P50 (CLK) Output enabled Output Output enabled
(Note 2) (Note 4) | (Note 1) (Note 4) (Note 2) (Note 4)
Input disabled
P51 (RDY) Output "H"
(Note 3) (Note 4)
P52 (HAKX) Hold previous Hold previous Input Output "L" Output "H"
state state disconnected — (Note 3) Inout
PS3 (HRQ) (Note 5) (Note 5) Hi-Z output Input "1 : dr;ggonnected
(Note 6) Hold previous Hi-Z output
P54 (WRHX) state (Note 6)
(Note 5)
Output "H" Output "H" Output "H"
PS5 (WRLX) (Note 4) (Note 4) (Note 3) (Note 4)
RDX Output "H" Output "H" Output "H" gu:pu: "H" —
u w - 3 utput enable
ALE Output "L Output "L (Note 3) (Note 2)
P17 to P10
P67 to P60 . Input disabled
P86 to P81 Hold previous Hi-Z output
P95 to P90 Hold previous ?tate ) Hold previous
state Note 5 state "
zgg to PAL (Note 5) (Note 5) &uc:r)eug)H
P77 to P70 Input disabled
P80 Input enabled Hi-Z output

Notel: The "output" state means that drive is enabled for the pin driver transistor but, as the internal
circuit is not operating, the output is fixed at the"H" or "L" level.

The output may change at timings other than during areset if the internal peripheral circuit is
operating and uses the output function. The output does not change during a reset.

Note2: "Output enabled" means that, as the drive for the pin driver transistor is enabled and operation
of the internal circuit is enabled, output from the internal circuit appears at the pin.

Note 3:  Operates as a pulled-up output.

Note4: When used as an output port, the pin holds its previous state.

Note5: "Hold previous state” means the pin continues to output the state output immediately before
entering this mode. For input pins, this means that input is disabled. For output pins belonging
to internal peripherals that continue to operate, continuing to output the current output state
means that the pin continues to output the value set by the internal peripheral. For port or
similar output pins, it means that the pin holds its current output level. "Input disabled" means
that, although operation of the input gate for the pin is enabled, the pin value is not recognized
internally because the internal circuit is not operating.

Note6: "Input disconnected" means that operation of the input gate for the pin is disabled. "Hi-Z

output” means that drive is enabled for the pin driver transistor and the pin goes to the high
impedance state.
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3.6 Pin States During Sleep, Stop, Hold, and Reset

Table 3.6.3 Pin States in External Bus/16-Bit Data Bus Mode and Multiplex Mode

] Stop Hardware
Pin Sleep SPL=0 SPL=I Hold Reset Standby
ADOQ7 to ADOO Input disabled Input disabled Input disabled Input disabled
AD15 to ADO8 Hi-Z output Hi-Z output Hi-Z output Hi-Z output
Output Output In.put disabled Output
A2310AL6 (Notpe 1) (Note 4) (Notpe 1) (Note 4) :\'l'ozteoz;p“t (Notpe 1)
Input disabled Input disabled Input disabled
P50 (CLK) Output enabled Output Output enabled
(Note 2) (Note 4) | (Note 1) (Note 4) (Note 2) (Note 4)
Input disabled
P51 (RDY) . ' Output "H" -
sthltc(i9 previous sthltc(i9 previous (Note 3) (Note 4) &u;feug)H
P52 (HAKX) (Note 5) (Note 5) Idr;gcl:Jct)nnected Output "L"
P53 (HRQ) Hi-Z output Input "1” Idr;g::Jct)nnected
P54 (WRHX) Output "H" Output "H" (Note 6) Output "H" Hi-Z output
P55 (WRLX) (Note 4) (Note 4) (Note 3) (Note 4) (Note 6)
RDX Output "H" Output "H" Output "H"
Output “H* Output enabled
ALE Output "L" Output "L" (Note 3) (Note 2)
P27 to P20
P37 to P30 .
P67 to P60 Hold previous :—Tir-);todults;‘ubtled
P86 1o P81 Hold previous state Hold previous
P95 10 P90 state (Note 5) state
PA7 to PA1 (Note 5) (Note 5) Output "H"
CSo (Note 3)
E;g to P70 Input enabled :ip_);todults;ubtled

Notel: The "output" state means that drive is enabled for the pin driver transistor but, as the internal
circuit is not operating, the output is fixed at the "H" or "L" level.

The output may change at timings other than during areset if the internal peripheral circuit is
operating and uses the output function. The output does not change during a reset.

Note2: "Output enabled" means that, as the drive for the pin driver transistor is enabled and operation
of the internal circuit is enabled, output from the internal circuit appears at the pin.

Note3: Operates as a pulled-up output.

Note4: When used as an output port, the pin holds its previous state.

Note5: "Hold previous state” means the pin continues to output the state output immediately before
entering this mode. For input pins, this means that input is disabled. For output pins belonging
to internal peripherals that continue to operate, continuing to output the current output state
means that the pin continues to output the value set by the internal peripheral. For port or
similar output pins, it means that the pin holds its current output level. "Input disabled" means
that, although operation of the input gate for the pin is enabled, the pin value is not recognized
internally because the internal circuit is not operating.

Note6: "Input disconnected” means that operation of the input gate for the pin is disabled. "Hi-Z
output” means that drive is enabled for the pin driver transistor and the pin goes to the high
impedance state.
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3.6 Pin States During Sleep, Stop, Hold, and Reset

Table 3.6.4 Pin States in External Bus/8-Bit Data Bus Mode and Multiplex Mode

] Stop Hardware
Pin Sleep SPL=0 SPL=1 Hold Reset Standby
Input disabled Input disabled Input disabled
ADOT10 ADOD | 7 output Hi-Z output Input disabled Hi-Z output
Output Output Hi-Z output
AD15 to ADO8 (Note 1) (Note 1)
Input disabled E)utput )
Output Output e Note 1
A2310 AL6 (Note 1) (Note 4) | (Note 1) (Note 4) z-'l\llozteozgpm
Input disabled Input disabled Input disabled
P50 (CLK) Output enabled Output Output enabled
(Note 2) (Note 4) | (Note 1) (Note 4) (Note 2) (Note 4)
Input disabled
P51 (RDY) Output "H"
(Note 3) (Note 4)
2 Hold previous Hold previous o w o Output "H"
P52 (HAKX) state state Input utput 1 (Note 3)
P53 (HRQ) (Note 5) (Note 5) disconnected Input "1" Input
Hi-Z output Hold previous disconnected
P54 (WRHX) (Note 6) state Hi-Z output
(Note 5) (Note 6)
Output "H" Output "H" Output "H"
PS5 (WRLX) (Note 4) (Note 4) (Note 3) (Note 4)
RDX Output "H" Output "H" Output "H"
Output 'H Output enabled
ALE Output "L" Output "L" (Note 3) (Nuofe 2
P27 to P20
P37 to P30 .
disabled
P67 to P60 Hold previous :ir-);toulfp?ute
P86 to P81 Hold previous state Hold previous
P95 to P90 state (Note 5) state
PA7 to PA1 (Note 5) (Note 5) Output "H"
CSo (Note 3)
P77 to P70 Input disabled
P80 Input enabled Hi-Z output

Notel: The "output" state means that drive is enabled for the pin driver transistor but, as the internal
circuit is not operating, the output is fixed at the"H" or "L" level.

The output may change at timings other than during areset if the internal peripheral circuit is
operating and uses the output function. The output does not change during a reset.

Note2: "Output enabled" means that, as the drive for the pin driver transistor is enabled and operation
of the internal circuit is enabled, output from the internal circuit appears at the pin.

Note3: Operates as a pulled-up output.

Note4: When used as an output port, the pin holds its previous state.

Note5: "Hold previous state" means the pin continues to output the state output immediately before
entering this mode. For input pins, this means that input is disabled. For output pins belonging
to internal peripherals that continue to operate, continuing to output the current output state
means that the pin continues to output the value set by the internal peripheral. For port or
similar output pins, it means that the pin holds its current output level. "Input disabled” means
that, although operation of the input gate for the pin is enabled, the pin value is not recognized
internally because the internal circuit is not operating.

Note 6.  "Input disconnected” means that operation of the input gate for the pin is disabled. "Hi-Z
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Chapter 4:
Instructions

4.1 Addressing

4.1 Addressing

In the FM C-16L, the address format is determined by either the instruction's effective address
specification, or by the instruction code itself (implied addressing).

4.1.1 Effective address field

The address formats specified in the effective address field are shown in Table 4.1.1.

Table 4.1.1 Table 4.1.1 Effective Address Field

Code Notation Address format Default bank
00 RO RWO RLO
01 R1 RW1 (RLO)
02 R2 RW2 RL1 , :

Register direct

03 R3 RW3  (RL1) Starting from the left, "ea" corresponds to the None
04 R4 RW4 RL2 byte, word and long-word types
05 RS RW5 (RL2)| V& 9 YPEs.
06 R6 RW6 RL3
07 R7 RW7  (RL3)
08 @RWO DTB
09 @RW1 o DTB
0A @RW2 Register indirect ADB
0B @RW3 SPB
0oC @RWO+ DTB
0D @RW1+ S , . . DTB
OE @RW2+ Register indirect with post-incrementing ADB
OF @RW3+ SPB
10 @RWO*disp8 DTB
11 @RW1+disp8 o . o DTB
12 @RW2+disp8 Register indirect with 8-bit displacement ADB
13 @RW3+disp8 SPB
14 @RW4+disp8 DTB
15 @RW5+disp8 o . o DTB
16 @RW6-+disp8 Register indirect with 8-bit displacement ADB
17 @RW7+disp8 SPB
18 @RWO0+displ6 DTB
19 @RW1+displ6 o . oo DTB
1A @RW2+disp16 Register indirect with 16-bit displacement ADB
1B @RW3+displ6 SPB
1C @RWO+RW7 Register indirect with index DTB
1D @RWI1+RW7 Register indirect with index DTB
1E @PC+displ6 PC indirect with 16-bit displacement PCB
1F addr16 Direct address DTB
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4.1 Addressing

4.1.2 Addressing Details
(1) Immediate value (#imm)
This format specifies the operand value directly.

o #imma
* #mm3
* #imm6
* #mm32

(2) Compressed direct address (dir)

In this format, the operand specifies the low-order 8 bits of the memory address. Bits 8 to 15 of the
address are specified by the DPR. Bits 16 to 23 of the address are indicated by the DTB.

(3) Direct address (addr16)

In this format, the operand specifies the low-order 16 bits of the memory address. Bits 16 to 23 of the
address are indicated by the DTB.

(4) Register direct
Thisformat specifies a direct register as the operand.
General-purpose registers

Byte: RO, R1, R2, R3, R4, R5, R6, R7
Word: RWO, RW1, RW2, RW3, RW4, RW5, RW6, RW7
Longword: RLO,RL1,RL2,RL3
Dedicated registers
Accumulator: A, AL
Pointer: SP
Bank: PCB, DTB, USB, SSB, ADB
Page: DPR
Control: PS, CCR, RP, ILM

Regarding the SP, either the USP or the SSP is selected and used, depending on the value of the S

bit in the CCR. In addition, in abranching instruction, the PC isimplicitly specified, and is not
described in the instruction operand.
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4.1 Addressing

(5) Register indirect (@RW;jj =0to 3)

This format accesses the memory address indicated by the contents of the general-purpose register
RWj. When RWO/RW1 is used, bits 16 to 23 of the address are indicated by DTB; if RW3 is used, bits
16 to 23 of the address are indicated by SPB, and if RW2 is used, bits 16 to 23 of the address are
indicated by ADB.

(6) Register indirect with post-incrementing (@RWj + j=0to0 3)

This format accesses the memory address indicated by the contents of the general-purpose register
RWj. After the operand operation, RWj isincremented by the data length of the operand (by 1 for a
byte, 2 for aword, and 4 for along-word). When RWO/RW1 is used, bits 16 to 23 of the address are
indicated by DTB; if RW3 is used, bits 16 to 23 of the address are indicated by SPB, and if RW2 is
used, bits 16 to 23 of the address are indicated by ADB. Note that if the post-incremented result is the
address of the register for which the increment specification was made, the value that is referenced
subsequently is the incremented value. In addition, in such a case, if the instruction was awrite
instruction, the data written by the instruction is given priority, so the register that was to have been
incremented contains the write data in the end.

(7) Register indirect with displacement &@Rwi + disp8 i=0to 7 g
S@RWj + disp16 j=0to %

This format accesses the memory address indicated by the sum of the contents of the general-purpose
register RWj and the displacement value. The displacement value can be one of two types, either abyte
or aword, and is added asasigned value. When RWO0, RW1, RW4, or RW5 isused, bits 16 to 23 of the
address are indicated by DTB; if RW3 or RW7 is used, bits 16 to 23 of the address are indicated by
SPB, and if RW2 or RW6 is used, bits 16 to 23 of the address are indicated by ADB.

(8) Register indirect with base index (@RWO0 + RW7, @RW1 + RW7)

This format accesses the memory address indicated by the sum of the contents of the general-purpose
register and either RWO or RW1. Bits 16 to 23 of the address are indicated by DTB.

(9) Program counter indirect with displacement (@PC + disp16)

This format accesses the memory address indicated by the sum of the "instruction address + 4 +
displ6". The displacement value isaword length value. Bits 16 to 23 of the address are indicated by
PCB.

The operand addressis generally regarded as "the next instruction address + disp16"”, but note that this
does not hold true for the instructions indicated below:

» DBNZ eam, rel

» DWBNZ eam, rel

* MOV eam, #imm8

e MOVW eam, #imm16

« CBNE eam, #imm8, rel

e CWBNE eam, #imm16, rel
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4.1 Addressing
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(10) Accumulator indirect (@A)

Thisformat has two types: one in which the contents of AL specify bits 00 to 15 of the address and
DTB indicates bits 16 to 23; and one in which the low-order 24 bits of A specify bits 00 to 23 of the
address.

(11) /O direct (io)

In thisformat, the memory address of the operand is specified directly by the 8-bit displacement value.
Regardless of the value of DTB and DPR, the /O space from 000000+ to O000FF+ is accessed. The
access space specification prefix has no effect on this addressing format.

(12) Long register indirect with displacement (@RLi + disp8 i =0to 3)

This format accesses the memory address indicated by the low-order 24 bits of the sum of the contents
of the general-purpose register RLi plus the displacement value. The displacement value is 8 hits, and
is added as a signed numeral.

(13) Compressed direct bit address (dir:bp)

Thisformat specifiesthelow-order 8 bits of the memory address with the operand. In addition, bits8to
15 of the address are indicated by DPR. Finaly, bits 16 to 23 of the address are indicated by DTB. The
bit position isindicated by ":bp", with larger numbers being closer to the MSB and smaller numbers
being closer to the L SB.

(14) 1/O direct bit address (io:bp)

Thisformat directly specifies a bit within a physical address from 000000+ to 0000FFH. The bit
position isindicated by ":bp", with larger numbers being closer to the MSB and smaller numbers being
closer to the LSB.

(15) Direct bit address (addrl16:bp)

Thisformat directly specifies any bit within a 64-kilobyte region. Bits 16 to 23 of the address are
indicated by DTB. The bit position isindicated by ":bp", with larger numbers being closer to the MSB
and smaller numbers being closer to the LSB.

(16) Register list (rist)
Thisformat specifies the register that is the target of a stack push/pop instruction.

MSB LSB

RW7 | RW6 | RW5 | RW4 | RW3 | RW2 | RW1 | RWO

A register is selected when the corresponding bit is "1",
and is not selected when the corresponding bit is "0".

Fig. 4.1.1 Register List Configuration
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4.1 Addressing

(17) Program counter relative branching address (rel)

With this format, the address of the destination of a branching instruction is the sum of the value of the
PC and the 8-bit displacement value. If the result exceeds 16 bits, the amount of the overflow is
ignored and the bank register is not incremented or decremented; therefore, the address is kept within a
64-kilobyte bank. Thisformat isused in unconditional and conditional branching instructions. Bits 16
to 23 of the address are indicated by PCB.

(18) Direct branching address (addrl16)

With this format, the address of the destination of a branching instruction is specified directly by the
displacement value. The displacement value is 16 bits, and indicates the branching destination within a
logical memory space. Thisformat is used in unconditional branching instructions and subroutine call
instructions. Bits 16 to 23 of the address are indicated by PCB.

(19) Physical direct branching address (addr24)

With this format, the address of the destination of a branching instruction is specified directly by the
displacement value. The displacement valueis 24 bits, and specifies the physical address of the
branching destination. Thisformat is used in unconditional branching instructions, subroutine call
instructions, and software interrupt instructions.

(20) Accumulator indirect branching address (@A)

In thisformat, the 16 bits of the accumulator AL specify the branching destination address. This
address indicates a branching destination within a bank space; in this case, bits 16 to 23 of the address
areindicated by the PCB. In the case of JCTX, however, bits 16 to 23 of the address are indicated by
DTB. Thisformat isused in unconditional branching instructions.

(21) Vector address (#vct)

The contents of the specified vector become the branching destination address. There are two data
lengths for vector numbers: 4 bits and 8 bits. Thisformat is used in subroutine call instructions and
software interrupt instructions.

(22) Indirect specification branching address (@ear)

The word datain the address indicated by "ear" is the branching destination address.
(23) Indirect specification branching address (@eam)

The word data in the address indicated by "eam" is the branching destination address.
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4.2 Instruction Set

4.2 Instruction Set

Table 4.2.1 Explanation of Items in Table of Instructions

Item

Explanation

Mnemonic

Upper-case letters and symbols: ........ Described as they appear in assembler.
Lower-case letters: ......cccovvvrerceeniennn. Replaced when described in assembler.
Numbers after lower-case letters: ...... Indicate the bit width within the instruction.

Indicates the number of bytes.

Indicates the number of cycles.
See Table 4.2.4 for details about meanings of lettersin items.

RG

Indicates the register access count during execution of instruction. This number is used to
compensation the correction value when using the CPU clock gear function.

Indicates the compensation value for calculating the number of actual cycles during execution
of instruction.

The number of actual cycles during execution of instruction isthe compensation value summed
with the value in the "~" column.

Operation

Indicates operation of instruction.

LH

Indicates special operations involving bits 15 through 08 of the accumulator.
Z........ Transfers"0".

X Sign-extended transfer through sign extension.

e Transfers nothing.

AH

Indicates special operations involving the high-order 16 bits in the accumul ator.
e Transfersfrom AL to AH.

e No transfer.

Zi........ Transfers 00 to AH.

X Transfers 00+ or FFH to AH using sign extension AL.

O < N/ Z|d|n

Indicates the status of each of the following flags: | (interrupt enable), S (stack), T (sticky bit),
N (negative), Z (zero), V (overflow), and C (carry).

Fl e Changes due to execution of instruction.

e No change.

S Set by execution of instruction.

Ri........ Reset by execution of instruction.

RMW

Indicates whether the instruction is a read-modify-write instruction (a single instruction that

reads data from memory, etc., processes the data, and then writes the result to memory.).

Fl e Instruction is aread-modify-write instruction

e Instruction is not a read-modify-write instruction

Note: A read-modify-write instruction cannot be used on addresses that have different mean-
ings depending on whether they are read or written.
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4.2 Instruction Set

m Number of execution cycles

The number of cycles required for the execution of an instruction is obtained by summing the value
shown in the table for the "number of cycles" for the instruction in question, the compensation value
(which depends on certain conditions), and the "number of cycles" needed for the program fetch.

When fetching a program in memory connected to the 16-bit bus, such as on-chip ROM, a program
fetch is performed for each two-byte (word) boundary crossed by the instruction being executed,;
therefore, if there is any interference with data access, etc., the number of execution cyclesincreases.

When fetching a program in memory connected to the 8-bit external data bus, a program fetch is
performed for each byte of the instruction being executed; therefore, if there is any interference with
data access, etc., the number of execution cycles increases.

The CPU intermittent operation function halts the clock to the CPU for a specified number of cycles
when general purpose register, internal ROM, internal RAM, internal 1/O, or external bus accessis
performed. The CG1 and CGO bitsin the low power mode control register set the number of cyclesthat
the clock is halted.

Therefore, the number of cycles required to execute an instruction when the CPU intermittent operation
function is used is calculated by adding a correction value to the normal number of execution cycles.
The correction value is the number of accesses multiplied by the number of cycles that the clock is
halted.
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Instruction Set

Table 4.2.2 Explanation of Symbols in Table of Instructions

Symbol Explanation
32-bit accumulator
The bit length varies according to the instruction.
A Byter............ Low-order 8 bits of AL
Word: .......... 16 bits of AL
Long:........... 32 bitsof AL:AH
AH High-order 16 bits of A
AL Low-order 16 bits of A
SP Stack pointer (USP or SSP)
PC Program counter
PCB Program bank register
DTB Data bank register
ADB Additional data bank register
SSB System stack bank register
USB User stack bank register
SPB Current stack bank register (SSB or USB)
DPR Direct page register
brgl DTB, ADB, SSB, USB, DPR, PCB, SPB
brg2 DTB, ADB, SSB, USB, DPR, SPB
Ri RO, R1, R2, R3, R4, R5, R6, R7
RWi RWO0, RW1, RW2, RW3, RW4, RW5, RW6, RW7
RWij RWO0, RW1, RW2, RW3
RLi RLO,RL1, RL2, RL3
dir Compact direct addressing
addr16 Direct addressing
addr24 Physical direct addressing
ad24 0-15 Bits 0 to 15 of addr24
ad24 16-23 Bits 16 to 23 of addr24
io I/O area (000000H to 0000FF+)
#imm4 4-hit immediate data
#mm8 8-bit immediate data
#mm16 16-bit immediate data
#mm32 32-bit immediate data
ext(imm8) 16-hit data signed and extended from 8-bit immediate data
disp8 8-bit displacement
displ6 16-bit displacement
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4.2 Instruction Set

Table 4.2.2 Explanation of Symbols in Table of Instructions (Continued)

Symbol Explanation
bp Bit offset value
vctd Vector number (0 to 15)
vct8 Vector number (0 to 255)
()b Bit address
rel Branch specification relative to PC
ear Effective addressing (codes 00 to 07)
eam Effective addressing (codes 08 to 1F)
rlst Register list
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Table 4.2.3 Effective Address Fields

Number of
Code Notation Address format bytes for
address
extension *

00 RO RWO RLO Register direct

01 Rl | RW1 | (RLO) 9 .

The ea (effective address) corresponds

02 R2 RW2 RL1 to the following types (from the left, in

03 R3 | RW3 | (RLL) | O ghyp ’ _
04 R4 RW4 RL2 bvte ’

05 R5 RW5 | (RL2) W’;r |

06 R6 RWG6 RL3 long word

07 R7 | RW7 | (RL3) g

08 @RWO

09 @RW1 . -

0A @RW2 Register indirect 0

0B @RW3

oC @RWO+

0]D) @RW1+ . - . .

OE @RW2+ Register indirect with post increment 0

OF @RW3+

10 @RWO0+disp8

11 @RW1+disp8

12 @RW2+disp8

13 @RW3+disp8 Register indirect with 8-bit 1

14 @RW4+disp8 displacement

15 @RW5+disp8

16 @RW6+disp8

17 @RW7+disp8

18 @RWO+displ6

19 @RW1+displ6 Register indirect with 16-bit 5
1A @RW2+displ6 displacement

1B @RW3+displ6

1C @RWO0+RW7 Register indirect with base index 0
1D @RW1+RW7 Register indirect with base index 0
1E @PC+displ6 Program counter indirect with 16-bit 2

displacement
1F addrl6 Direct address 2

*. The number of bytes in the address extension are added for instructions with “+” in the “#”
(number of bytes) column in the instruction set tables.
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Table 4.2.4 Number of Execution Cycles for Each Form of Addressing

4.2 Instruction Set

(a)*
. Number of accesses for
Code Operand Number of execution each form of
cycles for each addressing
addressing type
00 Ri : : , . , . . .
| RWi Listed in theinstruction | Listed in the instruction
07 RLi set table set table
08
| @RWj 2 1
0B
oC
| @RW;j+ 4 2
OF
10
| @RWi+disp8 2 1
17
18
| @RWj+displ6 2 1
1B
1C @RWO+RW7 4 2
1D @RW1+RW7 4 2
1E @PC+displ6 2 0
1F addr16 1 0

*. (a) corresponds to (a) in the “~” (number of cycles) column “B” (correction value) colum and in
the instructions.

203



4.2 Instruction Set

Table 4.2.5 Compensation Values for Number of Cycles Used to Calculate Number of Actual

Cycles
(b) byte (c)word (d)long

Operand Number of | Number of | Number of | Number of | Number of | Number of

Cycles Accesses Cycles Accesses Cycles Accesses
Internal register +0 1 +0 1 +0 2
Internal RAM even address +0 1 +0 1 +0 2
Internal RAM odd address +0 1 +2 2 +4 4
Even address on external data bus (16 bits) +1 1 +1 1 +2 2
Odd address on external data bus (16 hits) +1 1 +4 2 +8 4
External data bus (8 bits) +1 1 +4 2 +8 4

Notel: (b), (c), and (d)correspond to the "~" (number of cycles) column in the instructions.

Table 4.2.6 Compensation Values for Number of Cycles Used to Calculate Number of Program Fetch Cycles

Instruction Byte boundary | Word boundary
Internal memory - +2
External data bus (16 bits) - +3
External data bus (8 hits) +3 -

Notel: Whenthe external databusisused, itisnecessary to add in the number of weighted cycles used for
ready input and automatic ready.

Note2: Because instruction execution is not slowed down by al program fetches in actuality, these
compensation values should be used for "worst case”" calculations.
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4.2.1 F°MC-16L Instruction Set (340 Instructions)

Table 4.2.7 ransfer Instructions (Byte) (41 Instructions)

Table 0.0a Move Instructions (Byte) 41 Instructions

4.2

Instruction Set

Mnemonic # ~ RG B Operation LH AH | S T | N Z |V |C RMW
MOV A, dir 2 3 0 (b) byte (A) = (dir) z * N S * * —_ | = _
MOV A, addrl6 3 4 0 (b) byte (A) = (addrl6) Z * - - - * * - - -
MOV A Ri 1 2 1 0 byte (A) = (Ri) z LN IR IR IR R N R _
MOV A, ear 2 2 1 0 byte (A) = (ear) Z * - - - * * - - -
MOV A, eam 2+ 3+(a) 0 (b) byte (A) = (eam) Z * — — — * * —_ _ _
MOV A, io 2 3 0 (b) byte (A) = (io) z * N S * * —_ | = _
MOV A, #imm8 2 2 0 0 byte (A) = imm8 Z * — — — * * — _ _
MOV A, @A 2 3 0 (b) byte (A) = ((A)) z - - | - - * * - | - -
MOV A, @RLi+disp8 3 10 2 (b) byte (A) = ((RLi)+disp8) z * - | - - * * - | - -
MOVN A, #imm4 1 1 0 0 byte (A) = imm4 z * - — — R * — — —
MOVX A, dir 2 3 0 (b) byte (A) = (dir) X * N S * * —_ | = _
MOVX A, addrl6 3 4 0 (b) byte (A) = (addrl6) X * - - - * * - - -
MOVX A Ri 2 2 1 0 byte (A) = (Ri) X LN [ R IR I R R _
MOVX A, ear 2 2 1 0 byte (A) = (ear) X * - - - * * - - -
MOVX A, eam 2+ 3+(a) 0 (b) byte (A) = (eam) X * — — — * * _ _ _
MOVX A, io 2 3 0 (b) byte (A) = (io) X * N S * * —_ | = _
MOVX A, #imm8 2 2 0 0 byte (A) = imm8 X * - - - * * — — —
MOVX A, @A 2 3 0 (b) byte (A) = ((A)) X - | - - * * - | - -
MOVX A, @RWi+disp8 2 5 1 (b) byte (A) = ((RWi)+disp8) X - |-l =-1*|*|-1- -
MOVX A, @RLi+disp8 3 10 2 (b) byte (A) = ((RLi)+disp8) X - | - - * * - | - -
MOV dir, A 2 3 0 (b) byte (dir) = (A) - - - - = * * —_ | = _
MOV addrl6, A 3 4 0 (b) byte (addr16) = (A) - - - - - * * - — —
MOV Ri, A 1 2 1 0 byte (Ri) ~ (A) - S O T I _
MOV ear, A 2 2 1 0 byte (ear) = (A) - - - - - * * - — —
MOV eam, A 2+ 3+(a) 0 (b) byte (eam) ~ (A) — — — — — * * _ _ _
MOV io, A 2 3 0 (b) byte (io) = (A) - - - - - * * - — _
MOV @RLi+disp8, A 3 10 2 (b) byte ((RLi)+disp8) = (A) - - - - - * * - — _
MOV Ri, ear 2 3 2 0 byte (Ri) = (ear) - - - - - * * - — _
MOV Ri, eam 2+ 4+(a) 1 (b) byte (Ri) = (eam) — — — — — * * _ _ _
MOV ear, Ri 2 4 2 0 byte (ear) = (Ri) - - - - - * * - — —
MOV eam, Ri 2+ 5+(a) 1 (b) byte (eam) -~ (Ri) — — — — — * * _ _ _
MOV Ri, #imm8 2 2 1 0 byte (Ri) = imm8 - - - — — * * — — —
MOV io, #imm8 3 5 0 (b) byte (io) = imm8 - - - - - - - - -
MOV dir, #imm8 3 5 0 (b) byte (dir) = imm8 - - - - - - - - — —
MOV ear, #imm8 3 2 1 0 byte (ear) = imm8 - - - - - * * - — _
MoV eam, #imm8 3+ 4+(a) 0 (b) byte (eam) - imm8 - - - - =1 =1=1=-1-= -
MOV @AL, AH | 2 3 0 (b) byte ((A)) = (AH) - S O R I _
MOV@A, T
XCH A, ear 2 4 2 0 byte (A) « (ear) z - - |- =-1-=-1-1-1- _
XCH A, eam 2+ | 7+(@a) 0 2" (b) | byte (A)« (eam) z S I A I _
XCH Ri, ear 2 4 4 0 byte (Ri) « (ear) - - - - - - - - — _
XCH Ri. eam 2+ 9+(a) 2 2" (b) byte (Ri) « (eam) — — — — — — — _ _ _

Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4.
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4.2 Instruction Set

Table 4.2.8 Transfer Instructions (Word/Long-Word) (38 Instructions)

Mnemonic # ~ RG B Operation LH AH N | Z RMW
MOVW A, dir 2 3 0 (© word (A) = (dir) - * i -
MOVW A, addr16 3 4 0 (c) word (A) = (addr16) - * R -
MOVW A, SP 1 1 0 0 word (A) = (SP) - * ok -
MOVW A, RWi 1 2 1 0 word (A) = (RWi) - * ok -
MOVW A, ear 2 2 1 0 word (A) ~ (ear) - * T -
MOVW A, eam 2+ | 3+ 0 (© word (A) - (eam) - * T -
MOVW A, io 2 3 0 (©) word (A) = (io) - * i -
MOVW A, @A 2 3 0 (c) word (A) = ((A)) - - T -
MOVW A, @imm16 3 2 0 0 word (A) = imm16 - * * * -
MOVW A, @RWi+disp8 2 5 1 (© word (A) = ((RWi)+disp8) - * ok -
MOVW A, @RLi+dips8 3 10 2 (©) | word (A) - ((RLi)+disp8) - - T -
MOVW  dir, A 2 3 0 (© word (dir) = (A) - - T -
MOVW  addris, A 3 4 0 (© word (addr16) = (A) - - R -
MOVW  SP, A 1 1 0 0 word (SP) ~ (A) - - ok -
MOVW  RWi, A 1 2 1 0 word (RWi) = (A) - - ok -
MOVW  ear, A 2 2 1 0 word (ear) ~ (A) - - * * -
MOVW  eam, A 2+ | 3+ 0 (c) word (eam) = (A) - - T -
MOVW o, A 2 3 0 (©) word (i0) = (A) - - i -
MOVW  @RWi+disp8, A 2 5 1 (©) word ((RWi)+disp8)) = (A) - - x|k -
MOVW  @RLi+disp8, A 3 10 2 () word ((RLi)+disp8) = (A) - - x| ok -
MOVW  RWi, ear 2 3 2 0 word (RWi) - (ear) - - * * -
MOVW  RWi, eam 2+ 4+(a) 1 (©) word (RWi - (eam) - - * * -
MOVW  ear, RWi 2 4 2 0 word (ear) ~ (RWi) - - * * -
MOVW  eam, RWi 2+ | 5+) 1 (c) word (eam) ~ (RWi) - - T -
MOVW RWi, #imm16 3 2 1 0 word (RWi) = imm16 - - * * -
MOVW io, #imm16 4 5 0 (c) word (io) = imm16 - - - - -
MOVW ear, #imm16 4 2 1 0 word (ear) = imm16 - - * * -
MOVW eam, #imm16 4+ 4+(a) 0 (c) word (eam) = imm16 - - - - -
MOVW  @AL, AH / 2 3 0 (©) word ((A)) = (AH) - - T -
MOVW@A, T

XCHW A,ear 2 4 2 0 word (A) « (ear) - - - - -
XCHW A, eam 2+ 5+(a) 0 2" (c) | word (A) « (eam) - - - - -
XCHW RWi, ear 2 7 4 0 word (RWi) « (ear) - - - - -
XCHW  RWi, eam 2+ 9+(a) 2 2"(c) | word (RWi) « (eam) - - - -

MOVL A, ear 2 4 2 0 long (A) - (ear) - - T -
MOVL A, eam 2+ | 5+@) 0 (d) long (A) = (eam) - - T -
MOVL A, #imm32 5 3 0 0 long (A) = imm32 - - * * -
MOVL ear, A 2 3 2 0 long (ear) = (A) - - * * -
MOVL  eam, A 2+ 5+(a) 0 (d) long (eam) = (A) - - N -

Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4.
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4.2 Instruction Set

Table 4.2.9 Addition and Subtraction Instructions (Byte/Word/Long-Word) (42 Instructions)

Table 0.0b Addition and Subtraction Instructions (Byte, Word, Long Word) 42 Instructions
Mnemonic # ~ RG B Operation LH AH | S T | N Z |V |C RMV

ADD A, #imm8 2 2 0 0 byte (A) = (A) + imm8 z - - -] =-1* * * * _
ADD A dir 2 5 0 (b) byte (A) = (A) + (dir) Z - - - _ * * * * _
ADD A ,ear 2 3 1 0 byte (A) = (A) + (ear) z - - - - * * * * —
ADD A, eam 2+ 4+(a) 0 (b) byte (A) = (A) + (eam) Z - - - - * * * * —
ADD ear, A 2 3 2 0 byte (ear) = (ear) + (A) - - - - - * * * *

ADD eam, A 2+ 5+(a) 0 2" (b) byte (eam) — (eam) + (A) z - R *
ADDC A 1 2 0 0 byte (A) = (AH) + (AL) + (c) z - I R T e _
ADDC A ,ear 2 3 1 0 byte (A) = (A) + (ear) + (c) z - - - - * * * * —
ADDC A,eam 2+ 4+(a) 0 (b) byte (A) = (A) + (eam) + (c) z _ _ _ _ * * * * _
ADDDC A 1 3 0 0 byte (A) = (AH) + (AL) + (c) z N I N e _
SUB A, #imm8 2 2 0 0 (decimal) z - e * * * _
SuB A, dir 2 5 0 (b) byte (A) = (A) - imm8 z - - =] = * * * * -
SuB A, ear 2 3 1 0 byte (A) = (A) - (dir) z - - = = * * * * _
SUB A, eam 2+ 4+(a) 0 (b) byte (A) = (A) - (ear) z - - - - * * * * —
SUB ear, A 2 3 2 0 byte (A) = (A) - (eam) - - - - - * * * *

SuB eam, A 2+ 5+(a) 0 2" (b) byte (ear) = (ear) - (A) _ _ _ _ _ * * * * *
SUBC A 1 2 0 0 byte (eam) = (eam) - (A) z - - - - * * * * _
SuBC A, ear 2 3 1 0 byte (A) ~ (AH) - (AL) - (c) P2 I R S R R -
SUBC A, eam 2+ 4+(a) 0 (b) byte (A) = (A) - (ear) - (c) z - - - - * * * * —
SUBDC A 1 3 0 0 byte (A) = (A) - (eam) - (c) z - - - - * * * * _

byte (A) = (AH) - (AL) - (c)
(decimal)

ADDW A 1 2 0 0 word (A) = (AH) + (AL) - R -
ADDW A, ear 2 3 1 0 word (A) = (A) + (ear) - - - - - * * * * -
ADDW A, eam 2+ 4+(a) 0 (c) word (A) = (A) + (eam) - - - - - * * * * —
ADDW A, #imm16 3 2 0 0 word (A) = (A) +imm16 - - N I N _
ADDW ear, A 2 3 2 0 word (ear) - (ear) + (A) - - - - - * * * *

ADDW eam, A 2+ 5+(a) 0 2" (c) word (eam) - (eam) + (A) - - - - - * * * * *
ADDCW A, ear 2 3 1 0 word (A) = (A) + (ear) + (c) - - - - - * * * * _
ADDCW A, eam 2+ 4+(a) 0 (c) word (A) = (A) + (eam) + (c) — — — — — * * * * _
SUBW A 1 2 0 0 word (A) = (AH) - (AL) - - N e _
SUBW A. ear 2 2 1 0 word (A) = (A) - (ear) - - - - - * * * * _
SUBW A, eam 2+ 4+(a) 0 (c) word (A) = (A) - (eam) - - - - - * * * * —
SUBW A, #imm16 3 2 0 0 word (A) = (A) - imm16 - - N _
SUBW ear, A 2 3 2 0 word (ear) = (ear) - (A) - - - - - * * * *

SUBW eam, A 2+ 5+(a) 0 2" (c) word (eam) = (eam) - (A) - - - - - * * * * *
SUBCW A, ear 2 3 1 0 word (A) = (A) - (ear) - (c) - - - = = * * * * _
SUBCW A, eam 2+ 4+(a) 0 (c) word (A) = (A) - (eam) - (c) - - - - - * * * * —
ADDL A, ear 2 6 2 0 long (A) = (A) + (ear) — — — — — * * * * _
ADDL A, eam 2+ 7+(a) 0 (d) long (A) = (A) + (eam) - - - - - * * * * _
ADDL A, #imm32 5 4 0 0 long (A) = (A) +imm32 - - - - - * * * * —
SUBL A, ear 2 6 2 0 long (A) = (A) - (ear) - - - - - * * * * —
SUBL A, eam 2+ 7+(a) 0 (d) long (A) = (A) - (eam) - - - - - * * * * _
SUBL A, #imm32 5 4 0 0 long (A) = (A) - imm32 - - N _

Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4.
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4.2 Instruction Set

Table 4.2.10 Increment and Decrement Instructions (Byte/Word/Long-Word) (12
Instructions)

Mnemonic # ~ RG B Operation LH AH S T | N Z |V |C RMW
INC ear 2 3 2 0 byte (ear) = (ear) +1 - - - - - * * * - -
INC eam 2+ 5+(a) 0 2" (b) byte (ear) = (eam) + 1 - - - - - * * * - *
DEC ear 2 3 2 0 byte (ear) = (ear) -1 - - - - - * * * - -
DEC eam 2+ 5+(a) 0 2" (b) byte (ear) = (eam) - 1 - - - - - * * * - *
INCW ear 2 3 2 0 word (ear) = (ear) +1 - - - -1 -1* * * - -
INCW eam 2+ 5+(a) 0 2" (c) word (ear) = (eam) + 1 - - - - - * * * - *
DECW ear 2 3 2 0 word(ear) = (ear) - 1 - - - -1 -1* * * - -
DECW eam 2+ 5+(a) 0 2" (c) word(ear) = (eam) -1 - - - - - * * * - *
INCL ear 2 7 4 0 long (ear) = (ear) +1 - - - - - * * * - -
INCL eam 2+ 9+(a) 0 2" (d) long (ear) = (eam) + 1 - - - - - * * * - *
DECL ear 2 7 4 0 long (ear) - (ear) -1 - - - - - * * * - -
DECL eam 2+ 9+(a) 0 2" (d) long (ear) = (eam) -1 - - - - - * * * - *

Table 4.2.11 Compare Instructions (Byte/Word/Long-Word) (11 Instructions)

Mnemonic # ~ RG B Operation LH AH | S T | N Z |V |C RMW
CMP A 1 1 0 0 byte (AH) - (AL) - N I -
CMP A ear 2 2 1 0 byte (A) - (ear) - S I I I R (N _
CMP A ,eam 2+ 3+(a) 0 (b) byte (A) - (eam) _ _ _ _ _ * * * * _
CMP A, #imm8 2 2 0 0 byte (A) - imm8 - - - = = * * * * -
CMPW A 1 1 0 0 word (AH) - (AL) - - N e _
CMPW A, ear 2 2 1 0 word (A) - (ear) - - - - - * * * * _
CMPW A, eam 2+ 3+(a) 0 (c) word (A) - (eam) _ _ _ _ _ * * * * _
CMPW A, #im16 3 2 0 0 word (A) - imm16 - - - -] =] * * * * -
CMPL A, ear 2 6 2 0 long (A) - (ear) - - - - - * * * * _
CMPL A, eam 2+ 7+(a) 0 (d) long (A) - (eam) - - - =] =] * * * * _
CMPL A, #imm32 5 3 0 0 long (A) - imm32 - - - - - * * * * _

Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4.
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4.2 Instruction Set

Table 4.2.12 Unsigned Multiplication and Division Instructions (Word/Long-Word) (11 Instructions)

Mnemonic # ~ RG B Operation LH AH | S| T N|Z ]|V |C RMW
DIVU A 1 *1 0 0 word (AH) , byte (AL) - - -l == ==1=*1"* -
byte (AL) = quotient byte (AH) = remainder
DIVU A ear 2 *2 1 0 word (A) , byte (ear) - - - == =1=1* * _
byte (A) = quotient byte (ear) = remainder
DIVU A ,eam 2+ *3 0 *6 word (A) , byte (eam) - - - | - - - - * * -
byte (A) = quotient byte (eam) = remainder
DIVUW A, ear 2 *4 1 0 long , word (ear) - - - -1 -1-1- * * -
word (A) = quotient word (ear) = remainder
DIVUW A, eam 2+ *5 0 *7 long , word (eam) - - - | - - - - * * -
word (A) = quotient word (eam) = remainder
MUL A 1| %8 | 0 | 0 | word(A)- byte (AH) x byte (AL) S R I I I
MUL A, ear 2 *9 1 0 word (A) = byte (A) x byte (ear) - - - | - - - - - - -
MUL A, eam 2+ *10 0 (b) word (A) = byte (A) x byte (eam)
MULUW A 1 *11 0 0 long (A) = word (AH) x word (AL) - - - | - - - - - - -
MULUW A, ear 2 *12 1 0 long (A) = word (A) x word (ear) - - - - - - - - - -
MULUW A, eam 2+ *13 0 (c) long (A) = word (A) x word (earm)
*1.  3whendividing into zero, 7 when an overflow occurs, and 15 normally.
*2: 4 whendividing into zero, 8 when an overflow occurs, and 16 normally.
*3: 6+ (a) when dividing into zero, 9 + (a) when an overflow occurs, and 19 + (a) normally.
*4: 4 whendividing into zero, 7 when an overflow occurs, and 22 normally.
*5. 6+ (a) when dividing into zero, 8 + (a) when an overflow occurs, and 26 + (a) normally.
*6:  (b) when dividing into zero or when an overflow occurs, and 2 x (b) normally.
*7.  (c) when dividing into zero or when an overflow occurs, and 2 x (c) normally.
*8: 3 when byte (AH) is zero, and 7 when byte (AH) is not 0.
*Q: 4 when byte (ear) is zero, and 8 when byte (ear) is not 0.
*10: 5+ (a) when byte (eam) is zero, and 9 + (@) when byte (eam) is not 0.
*11: 3 whenword (AH) is zero, and 11 when word (AH) is not 0.
*12: 4 when word (ear) is zero, and 12 when word (ear) is not 0.
*13: 5+ (a) when word (eam) is zero, and 13 + (a) when word (eam) is not O.

Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4.
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4.2 Instruction Set

Table 4.2.13 Logical 1 Instructions (Byte/Word) (39 Instructions)

Mnemonic # ~ RG B Operation LH AH N|Z ]|V RMW
AND A, #imm8 2 2 0 0 byte (A) = (A) and imm8 - - * * R -
AND A ,ear 2 3 1 0 byte (A) = (A) and (ear) - - * * R -
AND A ,eam 2+ 4+(a) 0 (b) byte (A) = (A) and (eam) - - * * R -
AND ear, A 2 3 2 0 byte (ear) = (ear) and (A) - - * * R -
AND eam, A 2+ 5+(a) 0 2" (b) byte (eam) = (eam) and (A) - - * * R *
OR A, #imm8 2 2 0 0 byte (A) = (A) orimm8 - - * * R -
OR A, ear 2 3 1 0 byte (A) = (A) or (ear) - - * * R -
OR A, eam 2+ 4+(a) 0 (b) byte (A) = (A) or (eam) - - * * R -
OR ear, A 2 3 2 0 byte (ear) = (ear) or (A) - - * * R -
OR eam, A 2+ 5+(a) 0 2" (b) byte (eam) = (eam) or (A) - - * * R *
XOR A, #imm8 2 2 0 0 byte (A) = (A) xor imm8 - - * * R -
XOR A, ear 2 3 1 0 byte (A) = (A) xor (ear) - - * * R -
XOR A, eam 2+ 4+(a) 0 (b) byte (A) = (A) xor (eam) - - * * R -
XOR ear, A 2 3 2 0 byte (ear) - (ear) xor (A) - - * * R -
XOR eam, A 2+ 5+(a) 0 2" (b) byte (eam) = (eam) xor (A) - - * * R *
NOT A 1 2 0 0 byte (A) = not (A) - - * | | R -
NOT ear 2 3 2 0 byte (ear) = not (ear) - - * * R -
NOT eam 2+ 5+(a) 0 2" (b) byte (eam) = not (eam) - - * * R *
ANDW A 1 2 0 0 word (A) = (AH) and (A) - - * | * | R -
ANDW A, #imm16 3 2 0 0 word (A) = (A) and imm16 - - * * R -
ANDW A, ear 2 3 1 0 word (A) = (A) and (ear) - - * * R -
ANDW A, eam 2+ 4+(a) 0 (c) word (A) = (A) and (eam) - - * * R -
ANDW ear, A 2 3 2 0 word (ear) = (ear) and (A) - - * * R *
ANDW eam, A 2+ 5+(a) 0 2" (c) word (eam) = (eam) and (A) - - * * R *
ORW A 1 2 0 0 word (A) = (AH) or (A) - - * | * | R -
ORW A, #imm16 3 2 0 0 word (A) = (A) or imm16 - - * * R -
ORW A, ear 2 3 1 0 word (A) = (A) or (ear) - - * * R -
ORW A, eam 2+ 4+(a) 0 (c) word (A) = (A) or (eam) - - * * R -
ORW ear, A 2 3 2 0 word (ear) - (ear) or (A) - - * * R *
ORW eam, A 2+ 5+(a) 0 2" (c) word (eam) = (eam) or (A) - - * * R *
XORW A 1 2 0 0 word (A) = (AH) xor (A) - - * | * | R -
XORW A, #imm16 3 2 0 0 word (A) = (A) xor imm16 - - * * R -
XORW A, ear 2 3 1 0 word (A) = (A) xor (ear) - - * * R -
XORW A, eam 2+ 4+(a) 0 (c) word (A) = (A) xor (eam) - - * * R -
XORW ear, A 2 3 2 0 word (ear) = (ear) xor (A) - - * * R *
XORW eam, A 2+ 5+(a) 0 2" (c) word (eam) = (eam) xor (A) - - * * R *
NOTW A 1 2 0 0 word (A) = not (A) - - * | * | R -
NOTW ear 2 2 2 0 word (ear) = not (ear) - - * * R *
NOTW eam 2+ 5+(a) 0 2" (c) word (eam) = not (eam) - - * * R *
Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4.
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4.2 Instruction Set

Table 4.2.14 Logical 2 Instructions (Long-Word) (6 Instructions)

Mnemonic # ~ RG B Operation LH AH | S| T N|Z ]|V RMW
ANDL A ear 2 6 2 0 long (A) = (A) and (ear) 1R
ANDL A ,eam 2+ 7+(a) 0 (d) long (A) = (A) and (eam) " | R
ORL A, ear 2 6 2 0 long (A) = (A) or (ear) * * R
ORL A, eam 2+ 7+(a) 0 (d) long (A) = (A) or (eam) * * R
XORL A, ear 2 6 2 0 long (A) = (A) xor (ear) * * R
XORL A, eam 2+ 7+(a) 0 (d) long (A) = (A) xor (eam) * * R

Table 4.2.15 Sign Inversion Instructions (Byte/Word) (6 Instructions)

Mnemonic # ~ RG B Operation LH AH | S| T N|Z ]|V RMW
NEG A 1 2 0 0 byte (A) = 0 - (A) X -l == =1=*|*]~* -
NEG ear 2 2 2 0 byte (ear) = 0 - (ear) * * * *
NEG eam 2+ 5+(a) 0 2" (b) byte eam) = 0 - (eam) - - - - - * * * *
NEGW A 1 2 0 0 word (A) = 0 - (A) - - == =] ] -
NEGW ear 2 2 2 0 word (ear) = 0 - (ear) - - - - - * * * *
NEGW eam 2+ 5+(a) 0 2" (c) word (eam) = 0 - (eam) * * * *

Table 4.2.16 Normalize Instruction (Long-Word) (1 Instruction)
Mnemonic # ~ RG B Operation LH AH | S| T N|Z ]|V RMW
long (A) = Shift until first digit

NRML A, RO 2 *1 0 is"1" - — — — * — -

byte (R0) = Current shift count

*1. 4 when the contents of the accumulator are all zeroes, 6 + (RO) in all other cases.

Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4.
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4.2 Instruction Set

Table 4.2.17 Shift Instructions (Byte/Word/Long-Word) (18 Instructions)

Mnemonic # ~ RG B Operation LH AH | S| T N|Z ]|V |C RMW

RORC A 2 2 0 0 byte (A) = Right rotation with - - - - - * * - * -
carry

RORC A 2 2 0 0 byte (A) = Left rotation with - - - - - * * - * -
carry

RORC ear 2 3 2 0 byte (ear) = Right rotation with - - - - - * * - - -
carry

RORC eam 2+ 5+(a) 0 2" (b) byte (eam) = Right rotation - - - - - * * - * *
with carry

ROLC ear 2 3 2 0 byte (ear) -~ Left rotation with - - - - - * * - - -
carry

ROLC eam 2+ 5+(a) 0 2" (b) byte (eam) - Left rotation with - - - - - * * - * *
carry

ASR A, RO 2 *1 1 0 byte (A) = Arithmetic right - - - - * * * - * -
barrel shift (A, RO)

LSR A, RO 2 *1 1 0 byte (A) = Logical right barrel - - - - * * * - * -
shift (A, RO)

LSL A, RO 2 *1 1 0 byte (A) = Logical left barrel - - - - - * * - * -
shift (A, RO)

ASRW A 1 2 0 0 word (A) = Arithmetic right - - - - * R * - * -0
shift (A, 1-bit)

LSRW A/ SHRW 1 2 0 0 word (A) -~ Logical right shift - - - - - * * - * -
(A, 1-bit)

LSLW A/SHLW A 1 2 0 0 word (A) = Logical left shift (A, - - - - * * * - * -
1-bit)

ASRW A, RO 2 *1 1 0 word (A) = Arithmetic right - - - - * * * - * -
barrel shift (A, RO)

LSRW A, RO 2 *1 1 0 word (A) = Logical right barrel - - - - * * * - * -
shift (A, RO)

LSLW A, RO 2 *1 1 0 word (A) = Logical left barrel - - - - - * * - * -
shift (A, RO)

ASRL A, RO 2 *2 1 0 long (A) = Arithmetic right - - — — * * * — * —

LSRL A, RO 2 *2 1 0 barrel shift (A, RO) - - — - * * * — * —

LSLL A, RO 2 *2 1 0 long (A) - Logical right barrel - - - - - * * - * -
shift (A, RO)
long (A) - Logical left barrel
shift (A, RO)

*1: 6whenR0OisO, 5+ (RO)inall other cases.
*2.  6whenR0OisO, 6+ (RO) in all other cases.
Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4.
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Table 4.2.18 Branch 1 Instructions (31 Instructions)

4.2 Instruction Set

Mnemonic # ~ RG B Operation LH AH N[ Z]|] V] C| RMW
BZ / BEQ rel 2 *1 0 0 Branch if (2) = 1 - - I . _
BNZ / BNE rel 2 *1 0 0 Branchif (Z)=0 - - [ [ R . —
BC / BLO rel 2 *1 0 0 Branchif (c) =1 - - - - -1 - -
BNC/BHS rel 2 *1 0 0 Branchif (c)=0 - - [ [ R . —
BN rel 2 *1 0 0 Branchif (N)=1 - - - - =] = —
BP rel 2 *1 0 0 Branchif (N)=0 - - [ [ R —
BV rel 2 *1 0 0 Branchif (V) =1 - - - - =] = —
BNV rel 2 *1 0 0 Branchif (V) =0 - - - - -1 - -
BT rel 2 *1 0 0 Branchif (T) =1 - - - -1 -1 - -
BNT rel 2 *1 0 0 Branchif (T)=0 - - [ [ R —
BLT rel 2 *1 0 0 Branch if (V) xor (N) = 1 - - - - =] = -
BGE rel 2 *1 0 0 Branch if (V) xor (N) =0 - - [ [ R -
BLE rel 2 *1 0 0 Branch if (V) xor (N)) or (Z) =1 - - - - -] - -
BGT rel 2 *1 0 0 Branch if ((V) xor (N)) or (Z) =0 - - - -1 -1 - -
BLS rel 2 *1 0 0 Branchif(c)or (2) =1 - - - -1 -1 - -
BHI rel 2 *1 0 0 Branchif (c) or (Z) =0 - - - -1 -1 - -
BRA rel 2 *1 0 0 Branch unconditionally - - - - -1 - -
IMP @A 1 2 0 0 word (PC) = (A) - - - -1 -1 - -
JMP addrl6 3 3 0 0 word (PC) - addrl6 - - - - -1 - -
JMP @ear 2 2 1 0 word (PC) = (ear) - - - -1 -1- -
JMP @eam 2+ 4+(a) 0 () word (PC) = (eam) - - [ I R _
JMPP @ear Notel 2 3 2 0 word (PC) - (ear), (PCB) ~ (ear+2) - - - - -1 - -
JMPP @eam Notel 2+ 6+(a) 0 (d) word (PC) = (eam), (PCB) = (eam+2) - - - - -1 - -
JIMPP addr24 4 4 0 0 word (PC) = ad24 0-15, (PCB) ~ ad24 16-23 - - -1 -1 -1- -
CALL @ear Note3 2 5 1 (c) word (PC) -~ (ear) - - - - -1 - -
CALL @eam Note3 2+ 7+(a) 0 2'(c) word (PC) = (eam) - - - - -1 - -
CALL addrl6 Note4 3 6 0 (c) word (PC) - addrl6 - - - - -1 - -
CALLV #vctd Note4 1 7 0 2'(c) Vector call instruction - - - - -1 - -
CALLP @ear Note5 2 8 2 2'(c) word (PC) -~ (ear) 0-15, (PCB) -~ (ear)16-23 - - - - -1 - -
CALLP @eam Note5 2+ 11+(a) 0 *2 word (PC) = (ear) 0-15, (PCB) ~ (ear)16-23 - - - -1 -1- -
CALLP addr24 Note6 4 10 0 2'(c) word (PC) - addr0-15, (PCB) - addr16-23 - - - - -1 - -

*1: 4 when branching, 3 when not branching.
*2.  3x(c)+(b)

Notel: Read (word) branch address.

Note2: W: Save (word) into stack; R: read (word) branch address.

Note3: Save (word) into stack.

Note4: W: Save (long-word) into W stack; R: read (long-word) R branch address.

Noteb

Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4.

: Save (long-word) into stack.
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4.2 Instruction Set

Table 4.2.19 Branch 2 Instructions (19 Instructions)

Mnemonic # ~ RG B Operation LH AH | S| T
CBNE A, #immsg, rel 3 *1 0 0 Branch if byte (A) * imm8 - - - -1
CWBNE A, #imm1e, rel 4 *1 0 0 Branch if word (A) * imm16 - - - -1
CBNE ear, #imm§, rel 4 *2 1 0 Branch if byte (ear) * imm8 - - - -1
CBNE eam, #imms, rel 4+ *3 0 (b) Branch if byte (eam) * imm8 - - - -1
CWBNE ear, #imm16, rel 5 *4 1 0 Branch if word (ear) * imm16 - - - -1
CWBNE eam, #imm16, rel 5+ *3 0 (©) Branch if word (eam) ¢ imm16 - - - -1
DBNZ ear, rel 3 *5 2 0 Branch if byte (ear) = (ear)-1, (ear) * 0 - - - -1
DBNZ eam, rel 3+ *6 2 2" (b) Branch if byte (eam) = (eam)-1, (eam) * 0 - - - -1
DWBNZ ear, rel 3 *5 0 0 Branch if word (ear) = (ear)-1, (ear) * 0 - - - -1
DWBNZ eam, rel 3+ *6 0 2’ (c) | Branch if word (eam) = (eam)-1, (eam)* O - - - -1
INT #vct8 2 20 0 8 (c) Software interrupt - - R[S | -
INT addrl6 3 16 0 6 (c) Software interrupt - - R[S | -
INTP addr24 4 17 0 6 (c) Software interrupt - - R[S | -
INT9 1 20 0 8 (c) Software interrupt - - R[S | -
RETI 1 15 0 6 (c) Return from interrupt processing - - * * *
LINK #imm8 2 6 0 (c) At function entry, saves the old frame pointer - - - -1 -

to the stack, sets the new frame pointer, and
reserves the local pointer area.
(c) At function exit, restores the old frame pointer

UNLINK 1 5 0 from the stack. - - -1 -1 -
RET Notel 1 4 0 (c) Return from subroutine - - - -1 -
RETP Note2 1 6 0 (d) Return from subroutine - - - -1 -

*1:  5when branching, 4 when not branching
*2: 13 when branching, 12 when not branching
*3. 7+ (a) when branching, 6 + (a) when not branching
*4: 8 when branching, 7 when not branching
*5: 7 when branching, 6 when not branching
*6: 8+ (a) when branching, 7 + (a) when not branching
Notel: Returnfrom stack (word)
Note2: Return from stack (long)
Note3: Do not use the RWj+ addressing mode for the CBNE or CWBNE instructions.
Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4.
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Table 4.2.20 Other Control Instructions (Byte/Word/Long-Word) (28 Instructions)

4.2 Instruction Set

Operation

LH

AH

v|cC RMW

PUSHW
PUSHW
PUSHW
PUSHW

POPW
POPW
POPW
POPW

JCTX

AND
OR

MOV
MOV

MOVEA
MOVEA
MOVEA
MOVEA

ADDSP
ADDSP

MOV
MOV

NOP
ADB
DTB
PCB
SPB
NCC
CMR

Mnemonic # ~ RG B
A 1 4 0 (c)
AH 1 4 0 (c)
PS 1 4 0 (©)
rist 2 *3 +& *4
A 1 3 0 (©)
AH 1 3 0 ©)
PS 1 4 0 ©)
rIst 2 *2 +& *4
@A 1 14 0 6" (c)
CCR, #imm8 2 3 0 0
CCR, #imm8 2 3 0 0
RP, #imm8 2 2 0 0
ILM, #imm8 2 2 0 0
RWi, ear 2 3 1 0
RWi, eam 2+ 2+(a) 1 0
A, ear 2 1 0 0
A, eam 2+ 1+(a) 0 0
#imm8 2 3 0 0
#imm16 3 3 0 0
A, brgl 2 *1 0 0
brg2, A 2 1 0 0

1 1 0 0
1 1 0 0
1 1 0 0
1 1 0 0
1 1 0 0
1 1 0 0
1 1 0 0

word (SP) = (SP) -2, ((SP)) ~ (A)
word (SP) = (SP) - 2, ((SP)) = (AH)
word (SP) = (SP) - 2, ((SP)) ~ (PS)
(SP) = (SP)-2n, ((SP)) ~ (rlst)

word (A) = ((SP)), (SP) =~ (SP)+2
word (AH) = ((SP)), (SP) = (SP) +2
word (PS) = ((SP)), (SP) -~ (SP) + 2
(rlst) = ((SP)), (SP) = (SP)

Context switch (process switch) instruction

byte (CCR) = (CCR) and imm8
byte (CCR) = (CCR) or imm8

byte (RP) = imm8
byte (ILM) = imm8

word (RWi) = ear
word (RWi) - eam
word (A) = ear
word (A) - eam

word (SP) = (SP)+ext(imm8)
word (SP) = (SP)+imm16

byte (A) = (brgl)
byte (brg2) = (A)

No operation

Prefix code for auxiliary AD access
Prefix code for data DT access
Prefix code for program PC access
Prefix code for stack SP access
Prefix code for no flag change
Prefix for common register bank

* * _
* * _
* * _
* *

*1. PCB, ADB, SSB, USB, and SPB: ..... 1cycle

DTB,DPR: .....ccceenee.

....................... 2cycles

*2: 7+ 3*(number of POP operations) + 2* (register number of |ast register POPed) or 7 when RLST

= 0 (no move register)

*3. 29+ 3*(number of PUSH operations) - 3* (register number of last register PUSHed) or 8 when

RLST =0 (no move register)

*4.  (number of POP operations) * (c) or (number of PUSH operations) * ()
Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4.
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Table 4.2.21 Bit Manipulation Instructions (21 Instructions)

Mnemonic # ~ RG B Operation LH AH | S| T N|Z]|V]|C RMW

MOVvB A dir: bp 3 5 0 (b) byte (A) = (dir:bp)b z * * *

MOvB A ,addrl6: bp 4 5 0 (b) byte (A) = (addrl6:bp)b z * - - - * * - - -
MOvB A, io: bp 3 4 0 (b) byte (A) = (io:bp)b z * * *

MOVB dir: bp, A 3 7 0 2" (b) bit (dir:bp)b = (A) - - - -1 - * * - | - *
MOVB addrl6: bp, A 4 7 0 2" (b) bit (addr16:bp)b = (A) - - - -1 - * * - | - *
MOVB io: bp, A 3 6 0 2" (b) bit (io:bp)b = (A) - - - -1 - * * - | - *
SETB dir: bp 3 7 0 2 (b) bit (dir:bp)b = 1 - - -l -1 -=-1-1=-1-1- *
SETB addrl6: bp 4 7 0 2" (b) bit (addr16:bp)b = 1 - - - - - - - - - *
SETB io: bp 3 7 0 2" (b) bit (io:bp)b = 1 - - - - - - - - - *
CLRB dir: bp 3 7 0 2" (b) bit (dir:bp)b = 0 - - - - - - - - - *
CLRB addrl6: bp 4 7 0 2" (b) bit (addr16:bp)b = 0 - - - - - - - - - *
CLRB io: bp 3 7 0 2" (b) bit (io:bp)b = 0 - - - - - - - - - *
BBC dir: bp, rel 4 *1 0 (b) Branch if (dir:bp)b = 0 - - - - - - - * - -
BBC addri6: bp, rel 5 *1 0 (b) Branch if (addr16:bp)b = 0 - - - - - - - * - -
BBC io: bp, rel 4 *2 0 (b) Branch if (io:bp)b = 0 - - - - - - - * - -
BBS dir:bp, rel 4 *1 0 (b) Branch if (dir:bp)b = 1 - - - - - - - * - -
BBS addr16:bp, rel 5 *1 0 (b) Branch if (addr16:bp)b = 1 - - -l =-1-=-1-1- * - -
BBS io:bp, rel 4 *2 0 (b) Branch if (io:bp)b = 1 - - - - - - - * - -
SBBS addr16:bp, rel 5 *3 0 2" (b) Branch if (addrl16:bp)b = 1, bit = 1 - - -l =-1-=-1-1- * - *
WBTS io:bp 3 *4 0 *5 Wait until (io:bp)b = 1 - - -l -1 -=-1-1=-1-1- -
WBTC io:bp 3 *4 0 *5 Wait until (io:bp)b =0 - - - - - - - - - -

*1: 8 when branching, 7 when not branching
*2: 7 when branching, 6 when not branching
*3: 10 when condition is satisfied, 9 when not satisfied
*4:  Undefined count
*5:  Until condition is satisfied
Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4.
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Table 4.2.22 Accumulator Manipulation Instructions (Byte/Word) (6 Instructions)

4.2 Instruction Set

Mnemonic # ~ RG B Operation LH AH | S T|NJ|Z vV | C RMW
SWAP 1 3 0 0 byte (A)0 -7« (A)8-15 - - - - - - - - - -
SWAP /| XCHW AT 1 2 0 0 word (AH) « (AL) - * - - - - - - - -
EXT 1 1 0 0 Byte sign extension X - -1 - * * - -1 - -
EXTW 1 2 0 0 Word sign extension - X -1 - * * - -1 - -
ZEXT 1 1 0 0 Byte zero extension z - - - | R * - - - -
ZEXTW 1 1 0 0 Word zero extention - z - - | R * - - - -
Table 4.2.23 String Instructions (10 Instructions)

Mnemonic # ~ RG B Operation LH AH | S| T| NJ| Z RMW
MOVS / MOVSI 2 *2 +& *3 Byte move @AH+ - @AL+, counter = RWO - - - - - - -
MOVSD 2 *2 +& *3 Byte move @AH-- @AL-, counter = RW0O - | -
SCEQ / SCEQ1 2 *1 +& *4 Byte search (@AH+) ~AL, counter = RW0 - | - *
SCEQD 2 *1 +& *4 Byte search (@AH-) ~ AL, counter = RWO - | - *
FILS/FILS1 2 6m+6 +& *3 Byte fill @AH+ - AL, counter = RW0O - - - - - * -
MOVSW / MOVSWI 2 *2 +) *6 Word move @AH+ = @AL+, counter = RW0O - -
MOVSWD 2 *2 +) *6 Word move @AH- -~ @AL-, counter = RWO - - - - - - -
SCWEQ / SCWEQI 2 *1 +) *7 Word search (@AH+) — AL, counter = RWO - - - - - * -
SCWEQD 2 *1 +) *7 Word search (@AH-) — AL, counter = RW0O - | - *
FILSW / FILSWI 2 6m+6 +) *6 Word fill @AH+ - AL, counter = RW0 - - - - - * -

*1:
*2:
*3:

*4:
*5:
*6:

*7:
*8:
m:

n:

5when RWO0isO0, 4 + 7 x (RWO) for count out, and 7n + 5 when match occurs
5when RWO0isO0, 4 + 8 x (RWO) in any other case

(b) x (RWO) + (b) x (RWO0) When the source and destination access different areas, cal cul ate the
(b) value separately for each area.

(b) xn
2 x (RWO0)

(c) x (RWO0) + (c) x (RW0) When the source and destination access different areas, calculate the
(c) value separately for each area.

(c)xn
2 x (RWO)

RWO value (counter value)

Loop count

Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4.

217



4.3 Instruction Map

4.3 Instruction Map

Because the F2MC-16L operation codes each consist of one or two bytes, the instruction map consists of
numerous pages. The structure of the instruction map is shown below.

Basic Page Map First byte

Bit manipulation Character string

Instructions manipulation instructions || || 2-PYte instructions | | "ea” instructions x 9 Second byte

Fig. 4.3.1 Structure of F"MC-16L Instruction Map

Instructions that consist of only one byte (such as NOP) are concluded on the basic page. Regarding
instructions that require two bytes (such as MOV S), the existence of the map for the second byteis
indicated when the first byte is referenced, so it is clear that it is necessary to use the following byte to
reference the map for the second byte.
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The correspondence between the actual instruction code and the instruction map is shown below.

Instruction code First byte |Second byte| operand

operand

f— I N I (— = I N— — (—

\

\

\

[Basic Page Map]

4.3 Instruction Map

Length differs according to the
‘ instruction

XY

+Z

[Extension page map] Note 1

uv

+W

May not exist for some instructions

Notel: Extended page maps are provided for bit manipulation instructions, character string manipulation
instructions, two-byte instructions, and "ea" instructions; multiple-extended-page maps exist for
each type of instruction.

Fig. 4.3.2 Correspondence between Actual Instructions and the Instruction Maps
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4.3 Instruction Map
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4.3 Instruction Map

1M ‘9T
LMY MY ‘

ot My ‘9T ‘

e e Lo ©w>>m +EMY | SMY 9T TR

dhnen. 8755 e x EMalSME ST S +EMY | YMY ‘9T R

Py von)_ wem . won| eon MAOW | IPPe MAOW:! ® o | = epe n o

‘‘‘‘‘ | i Von RLMON 8, WO e, MAOW|  IPPE MAOW! ® +EMY | Zma ‘o1 . ozmy

LMY IMYEE ZMY HTME | 9MY LMY . MAOW|+0d® MAOW, ® m\ﬁw/@m PMY'OTD | P eZMY| SMY TP e ol e m%\m,m,m o 8

e 28 o 6418 358 o o) oo £MY ‘9TP EMY +ZMH| ZMH9TP | o e e -

HNEE , MAOW | TMIBMAOW, S aTmal ema v o st s | MAOW | +0d® | M MY | ZMEOTP | MY remd| T o1 , v | o o
\\\\\ o SR wow. @ MAOW, ® M P ZMY HZM e MAOW 1 M 4+
LMY 2ma+ Zma roma | oMy Lmy ' MAOW | TMI@MA i =R I e L G s e HoR :

i , ;o e s o " T . L N, ® MAOW . TMY ‘+ZMy . o - - - - -

OMHDMAOW, ® oMY IMu+ oma +omu | sma tzmut N | TMYOMAOW, ® MRl LR, NG IR | ZM LA g e i

; , ol s  mon ruer L , MAOW| TM: | S aTma | Tz ez et T | MAOW [+0d® | +ZMI @
\\\\\ ANOW, @ LY+, SMY +0) - - HOMAON, @ o B i e T s ; m_
L "t ansBm O S A, MY | MY LM+ Somd | emd Lmar O e 8 S S : +

m\sm©\s>o_>_,tsm m\\%w% oMY ‘OTP+ | OMY ‘EMH® |  SMA ‘9TP W, @  mAOW OMUDMAON, %\sm%wmﬁ EMY LM+ EMY +OMY | ZMa LM _»_T©\ iAON| TMEBWAON, ©§m %\@%ﬁ momon ™ Wi

\\\\ | W| EMIOMAON, SMY '9TP+ |SMY 'EMH® | MY OTI S o " ol i

P d EME® P s OWN, ® MAO . ZMY oMy h R W, MAO a+
LMY ‘9TP+ . B R MAON| EMHOMAON | i OTD4 (oA NI | e TP i, e, Ho s_

N\sm©\s>o_>_,tsm N\\”w%z e s [ e oW, mAowW EMYBMAON. M mﬁw%z EMY ‘OTP+ |EMY EMHD | ZMa '9TP _»_T©\ ~ Mron OMUDMAOW, H@\sm —on OMY "LME+ | OMY +OME D

‘‘‘‘‘ - ZMEOMAOW' G OTP+ ' GMY ZMU® | b 9P " EMEOMAOW, e e ol e
G o oo : s | TMY EMI D : e i MAOW o+
LMY ‘9TP+ | . WIOMAOW,  MAON| ZMIOMAOC : piny o1 o | e oo Loy s e

ism©\s>o_>_,tsm TMH® | 9MY ‘9TP+ 'OMY TMY® | Ssmd ‘eTp W, mrowW N\sm©\s>o_>_,35m ZME® | £Md 'OTP+ '€MH ZME® | ZMd 9Tp oo Fremon W il "
\\\\\\ | e %M% woacn] o | oo o MAOW | ZMHOMAON! \SMMU T OTP+ | ZMY TME® | TMY ‘9TP+ L MAOW| EMI@MAOI | \SMMU a+
tsm,ﬂ?,,:%\\:‘\\\‘_‘ | s oo | b 9Tps b Rt BT T W| ZMI@®MAOW' TMY 9TP+ ' T \1“‘\\\“‘\,\\ N

o\sm©\s>o_>_,tsm o\\%w%z e W, maow TMEBMAOW' MY H%w%z EMY 'OTP+ 'EMY TMU® | ZMY 9T+ . Mnonw ZMIOMAON' my N%w%z OMY ‘9TP+ | OMYH ZME®

‘‘‘‘‘ " OMIDMAOW' o ‘oThs v omad | s 9Ter " TMH@MAON, e Tl E e

S s SRR o s gt R B | MAOW Y+
LY '8P+ ! . Sl MAOW/| OMY®MAON' rMY ‘9TP+ ! . I TMEBMAOW' T otpe Tma ma® | oma ‘otes " ome

MH® MAOW' LMY %\\/,\,Ow__\,_ oMY '8P+Z | OMY LMY | SMY '8P+ _\m, o MAOW | OMH®MAOW' v o%MAO@s_ i gD LML ONND | 2 T S it | e w_ a%ﬂ%ﬁ e

‘‘‘‘‘ , ME® MAOW' o gna 1 o | o apes " OMY @MW, s aron ™ ] omaren r e
== % 5 : i o Ao, MAOH| 1 MAOW 6+
LMY '8P+9 ! , SO T MAOW| MY® MAOW' yMY ‘'8p+L ! . i N | OMH@MAOW' TMY ‘9TP+ 'TMY ' R

s tsm\m\\,,\,%_\,_ S R g | MON| Md® MAOW) v\sm%\@%ﬁ EMY BP+L | EMU MY | ZMa '8P+ | MAOW| OMHOMAOW, u o%w%z OMY '9TP+ ' OMY ‘OMED

‘‘‘‘‘ , MY® MAOW' N8P0 ' ama ‘oM | pmd '8p+e. | MO MAON, 5 e ] i r e
= o=l : i, o o MAOH, - mAOK] om MAOW g+
i , T o || s aps0 Py 8P+ | b . [ MI® MAONW' TMY ‘8P+L ' T . [

i tsm\w\\,,\,%_\,_ Rt e . Mmow MY® MAOW' \sm\,\w,»\,%_\,_ SMY '8P+ | MY 'OMY | MY ‘8P+9 . Maon MHU® MAOW' \sm%\\,,\%\,_ \SO\WW_&F# oMy Imy

‘‘‘‘‘ i MY® MAOW SMY '8P+S ' SMY ‘SMY BRER MHO MAOW| 15 o o) e s,
== i e, s_ i o MAOH, - MAON MAOW L+
LMY B 1 MY PMY | 9MY '8P+ L MAOW | MY® MAOW' PMY ‘8P+S 1 bMY ¢ RN N| M34® MAOW' TMY '8P+9 ' TMY .

wed on T MAON OMY 8D+ 1 OMY P | SMY 8Py | MAOW| Md® MAOW M PAON | MiD opes | Temuomy | zmaeprs 1z | 50 i s \sgwm,mfw s

‘‘‘‘‘ MED® MAOW! MY ‘8P+Y 1 GM S s ME® Mo " aon ] i
, o i e "o s ZM ‘SMY T MAOW 9+
LMY ‘8P+E T T Lo MAOW | MI® MAOW'! DY 8DHY 1 MY MY | EMY ‘B8P T N| M4® MAOW' TMY '8P+G ' TMY o
e tsm\m\\,,\,%_\,_ 50 won_ HOn| w0 o | MAOW| MY® MAOW! \sm%»\,%_\,_ ey 1 emuemd | ema aper | 2 MAOW | MH® MAOW' m\<m<\,s%§ \SO\WW_&F& oMy ‘smy
‘‘‘‘‘ MI® MAOW MY ‘8P+E N I MIAD MAS Y '8P+ st | Tmaepes 1 B
; LT | | SMY ‘Emd ; [ ol A "o . " i :
LMY '8P+ e ot | omnames Vo MAOW | MI® MAOW! DAY BPHE 1 YMY EMY | EMY ‘BP+E L OW| MH4® MAOW!' MY '8P+ | TMY TMY | OMY '8P+ L N
iy \sm\,w,»\,%_\,_ \Sw\,\nw@m?& T W N | MR \sm\,\m,\\,,\,%_\,_ \Sm\Mvm ‘Gpat | EMEMY | oM 'Bpre 1 Zm MAON | MH® MAON' w_%»\,%_\,_ \SO\MUW_,%# oMy ‘tmy

\\\\\\\ ¥4@® MAOWN! M ‘8p+Z m\sw_qw\ - - - - - - 4O MAON! on s Aol i

N My s ol s | e et o i ™ o i v+
o5 , e T | e Y ] ® mrow: ME® MAOW! TMY ‘8P+E€ 1 TMY " .
D MAOW tsm%»\,%_\,_ \Sw\,mwm»muld 9MY TMY | SMY '8P+ Vo Maow MUD MAOW, \sm\,w,»\,%_\,_ \Sm\,mvm ‘epiz | EMHZMY | Zma‘BPez | ZM: S m\<m<\,s%§ \sm\,\%»mu% s
“““““ 4O MAONW: 88P+T . SMYTMY | MY '8P+T 4@ MAOW ez 2 T e s
S ) i , . | amd o ‘zmy e e e MAOW e+
Imaans0 | zmeloma | emagpio | MAOW | ME® MAOW YMGDT TN | BT oA freees e e
ME® MAOW, \sm%»\,%_\,_ \Sw\m.wm»mfod 9MY OMY | SMY ‘8p+ Voo maon MED® MAOW, \sm\,\a,»\,%_\,_ \Sm\,mvm 'gp+T | eMYTMY | zma‘eps e e m%\@%_\,_ \sm\%d?& s
4O MAOW, u8P+0 . GMM oMY | pMy 8P+ 4@ MAOW e el MU | T O o s
MAOW | ME® ! o oMy MY e T T | T e ! om =9 | "o ™ i :
0d MAOW, M 8P+0 |, YMY 'O, I Ao won. " w o,
03 AOW | MH® md MY '8P+0 . EMY‘OMY | zmu's o) e n ke 5
oa MAOW, MAO p+0 |, EMY ‘OMY T T s e e on. "o
00 o8 ov N| ME® MAOW, MAOW \SM_\WW_\MWS T ZMYOMY | TMY BP0 | TMY ‘M e e -
06 on, m T o | om0 1 oma o
= AOW | MH® MA S| s o o
= - o oW, MAOW| MH® MAOW | o Aol
: - - | MAOW o
0z 01
00

(HaZ = 91Aq 1s114) IMY 'B8 MAOW 8T'€'V d|gel

237



4.3 Instruction Map

oTippe .+ ‘
TP EMHD ‘LY 9TIppE +EMUD *
“““ 0 o T 9 | OLIPPE +EMHD 'S
9TP+0d® +ZMUD ‘28 | 9TP+Od® Lo DS | i
24 HOX (8| 9IP+Od® +IMH® '9d | 9TP+d® B R G > o,
\\\\\\ ,\ s a0 oy 9TP+2d® ,+N>>W_N®w_ - - - - - HoX | ‘ed HoxX o o
IMEATMUD +TMHD 28 | LM+ TMU® o HOX ‘64 HOX . Sd |9TP+Od® +ZMH® vH | 9TP+Od® Lo X o Hox ox| T wox
S @1@% @>m+§>m©,ﬂ+§?‘©‘6wﬂ S S | 9Tp+IdD. | _._MWV_A _mw_%+un_© oD et | OTPiodD . e HOX | ‘Td  HOX: _._HHW_A _o%ﬁuum | +EMED ‘oY
““““ ¢ +TMY ) 'SH | LMETME® |+ o B g
LMEHOMED +OMHD ‘L8 | LM+ ‘_._uwbﬂ _ HOX|'s¥ _._u@w ”+H>>m©_._wwV_A @sm:\sm@ +TME® ‘P LAMET) XX 74 HOX ”+N>>m©_._Nuw_A _mﬁ?un_@ B T | 91D:0 _‘.p_\-WXJ, i 5
o B RHTID FIMEO | +TMU® ‘€Y | LME+TMED +TMHD e B S
“““ o e, o e S, Rl g HOX |‘€d  H o | o @ NETID 47 " i :
wwwwwwww ¢ HO ‘sd N OX HD ¢ AHTMNEO ‘2o L FIME® TH | 2 . e .
ITP+EMUD EMHD * R HOX |‘sd HOX | IME+OMED  +OMED ‘Ta LME+OMED  +0N o e P B
i e G e . S B | A , @ ‘TH | LMY+ ) D ‘O
: % I iox ok el OMHD  +OMHED ‘€Y |LMH+OMED +OMYE T4 HOX. TMA® | +TMED
\\\\\\ HOX | ‘94 HOX | 94 | 9TP+EMUD €M I S ! HOX | ‘ed IUX, € |LMI+0MID ,+o>>w_©\_ | ME+OME® +0 il iy :
T B ,\ o |91 'EMUD ‘S | OTPHEMUD EMU® TH | 9TP+EMUD - e , B L RS R s .
7y IUW&EK@ Dmux v '9TP+ZMH® | ZMH® '9d v '9TP- \_.\_U\x\” _ HOX|'vd IWW ”m>>m© ﬂmux wﬁu+m>>m© omaD s | 9Tpee o o e IU@A” o>>m©IHUwV_A n>wm+o>>m©4, -
\\\\\\ ‘ o ) p+ZMyd D ‘GY |V ‘9IP+ZME® ' g - i o S :
ITPHTME® 'TMH® ‘LY | 9TP+IN HOX, HOX |‘5d Iuw 'ZMHD S |V '9TD+ZMED | ZMH® Ti |V ‘9TP+EA HOX,  HOX| ‘zd I%x EMH® ‘T | ITPHEMU® EMUD T |9TPHEN e o ”
e e S SU |V orpeemi vy v atpramso 'ZMH® ‘Y |V 9TP+ZMU® R HOX, I |SThrEmue | EMY® '0d
\\\\\\ SETEETECEN R R R TR -
o " , x| Hox|'md T Hox - HOX| ‘zd , | o Vamins it oy .
PAS ﬂ@Wx oME®D Dmux 9TP+OMI® ' OMU® '9Y | 9TP+ _HOX, HOX | ‘7Y IWW O ﬂmux IO [ TMIO € IoTPT vo. whio s o qu,m>>m© Nw”_vx S
\\\\\\ ,\ .om | ._”—U+O>> : \\\.\\\\\\\\\,\ .mm , +._”>>m , \.\\\\\\\\\,\\\ .Om
S ME® 282 | 8P HOX,  HOX |'sd O | OMH S |9T0+0MHD OME® v | 9TP+OM: N S o TR R 5 og :
‘M HOX | o HOX BDHMH® M9 | BPHMH® L HOX|'vd  HOX, ﬂmux ITP+OMHD 'OMYD ‘€ |9TP+OMED o i mwx S%L\sm@ s
“““ r . | - | HoX|H - HX ‘e , LMD 2 st o o
BP+OMH® '9d 'L | 8D+OM: HOX,  HOX |'s¥ RO 28 'sH 8P+HIMH® M v | 8P+IMY HOX | HOX| 2y i [ OME®'2Y |9TPMUD OMH® TY | GTPHOMA i o -
‘74 HOX' o gp+oMu® 'od ‘98 | sp+omu® 1 HOX | ‘v HOX | BOHMAD (1T 8D e ) T
“““ . HOX |‘9d  HOX' d gp+oMu® '0d ‘'S4 | 8P+OME® (\ HOX|'sM  HOX, MO T | @D -l - :
L i s o P ,  HOX| ‘zd HOX ! 8P+ MH® ' M TH | 8PHLMHE® L HOX 8+
‘1d HOX ! SP+GMU®D 'S 98 | 8P+SMU® L HOX ‘v HOX ' SO 0T [ 8pIOMuD . s e
\\\\\\ L HOX | ‘9" HOX ' gP+SMu® 'Sd 'SH | BP+SME® L HOX | ‘ed HOX ' BIOMSD (9w | gpromiD i o 5
SP+HYME®  vd 2d | 8P+ME® . HOx|'ed HOX ! SP+SMH®D ' GH ‘vd | BP+SMED . HOX| ‘e HOX ! BRIOMYD | 9 T |epomue, N
‘44 MLON ' SP+HYMHE® v ‘98 | 8p+rMu® Ly HoX ‘v HOX ! SP+GMUD 'S Ed | SPHSMUD . Hox | Td HOX' sroMD ou'0y
“““ L HOX | ‘od HOX ' SO+YMHD v 'SH | 8DHTMED L HOX | ‘ed HOX ' BIMID SuTH | BpemeD o e .
SP+EMH® €M Jd | 8P+EME® | HOX|'ed  HOX! SPHYMH® ' 7Y 9 epromud | HOX| 'zd  HOX SRHSMED | S I TN
‘44 MION ' SP+EMH® €Y ‘98 | 8p+EMY® L HOX'wd o HOX! SOHYMID v e | SPHMUD L HOX| ‘T4 HOX| Bme® s 0N
“““ | HOX|'9d  HOX! SP+EMUD €4 'SH | SP+EMHD (! HOX|'sd  HOX! B T | gpmeD) TN .
8p+zZMH®  zd Jd | 8p+zME® L HOX|'sd  HOX! 8P+EMUD 1eY vy |epremu® | HOX| 'zd  HOX! BRHTMAD (v T |epmee, .
‘M HOX ! 8p+ZMH® 1zd ‘98 | 8p+zmu® . Hox|wH HOX ! SPHEMH® 1EN'EY | SPHEMND L HOX| Td HOX! SpMED (7 0Y N
\\\\\\ L HOX | ‘9d HOX ! gp+zMu® 128 'Sd | 8P+ZME® L HOX Y HOX ! BIEMSD EN T | PO e ~ g
BPHTMA® 1T R | HOX'sd  HOX! BRI 12 v | BD+ZMA® ' HOX| 'zd  HOX! BPIEMAD 1SN T |BpeEMD. T
L4 MION ! HOX wfﬂsm@ Taoy | sprtma® 1a st HOX |'vd  HOX! HOX mo,ﬂ+m>>m© 'ty | gpemu®  zu2d S PEETRE " wmmmimp@ o
\\\\\\\\ m | +>>m , ; - - = - - - = = = =l = - I , | | | B IU,
8P+OMH® a7y | eprome HOX'  HOX |'sd _._%x Y5y SPATMNE TH VY | SP+TMY OX, __ _HOX] 'ed  HOX o T e S :
4 HOX SP+OMH® 0404 | 8P+OMHD L WX HOX IO T ey [ SpTme® W | o .
HOX |‘9d  HOX: SP+OMUD 104 ‘S | SPHOMHD ' _HOX|'®W  HOX! BIIMID Ty | IO e loiag g
04 HOX |'Sd HOX SP+OMM® 10d 'Pd | SPHOMUD Lo WX ‘24 HOX PIMIO THTH  |8pIMED EE
03 oa HOX |'vd  HOX: SP+OMU® (04 'SH | SPHOMU®D L B RLS T ™ ™ o
00 og HOX | ‘ed HOX 1 SPFOMHUD 08 'z | BPHOMYD PR FERTEE :
ov 06 HOX | ‘zd  HOX ' EIOMID 1 0T | 80D s
L - Lox | SEOMED SPHOME®  0d 08
= — HOX | ‘04  HOX: 0*
ov o€ —
0z 0T
00

(H3L =914q 1s114) €8 ‘I HD 6T'S'v 3l0el

Chapter 4: Instructions

238



4.3 Instruction Map

]

9TIPPE  +EMUD
L LM 9TIppe ‘
W X w_‘ o jomes o m_:m\sm@ 9M| 9TIPPE  +EMH®D
9IP+Od® +ZME® ‘LM | 9TP+0d® o e [SMA - MHOX 1Y X s Mo 5
LMY MHOX IM | 9TP+DdD +ZMHD ‘OM| 9TP+OdD ,+ Ao Jriney Mo S5 o o 5 i
“““ i MHOX ‘OMA MHOX OM| 9TP+OdD +ZMHD ‘SM | 9TP+Dd® | +2 MHOX |EME MHOX 1o WX o B
IMEATMED  +TMED LM LME+TME® ™ MHOX | 'SM MHOX SM | 9TP+Od® 1 +ZMND ‘M| 9TP+Od® - - MHOX|ZMA MHOX 1 Ox i Mwox e
s o' $®>>w,_+§>m© s e *MHOX |pMd MHOX ¥ Py m>wﬁu+un_© | FZMY®D ‘EM|  9TPHOd® | +ZM MHOX| TS MHOX R P T +EMU® ‘OM
\\\\\\\ d MHOX o +TMEO +H>>m©ﬂ“\\\:‘ _ d MHOX o todo ,+N>>m©‘.‘ L 21p:0dD o o ¢
IMEOMED | +OMED LM LME+OME® ! MHDX | ‘SMd M) ' M UM TMED +TMED T IS TAIMYE MHOX[ZMd M 2, JIP10d0 M | 9P 2D oo .
RS e 0 im0 “IME® T IR B HOX ™ MHOX|' MO TM - - - - -
ke i i i S EMESTMED UMH+TMED | +T R X | T MHOX 9TP+ Od® | +2, :
ma M | MHOX |'omy M | OME® ‘O | LME+OMED | +OMUD ‘SM LM+ A MHOX [emyd | +TME® ‘EM|LME+T "FIME® ‘2| e+ TA S Ry s
\\\\\\ HOX o h 4O ,+OMHD * I MHOX o ' AN 0 IO o
SIPEMYD 'eMud I | 9Tpremud | MHOX | 'SMY MHDX | SM LMH+0MED | +OMED ‘TM LME+OMUE & oalmon BTN, TR B : :
HO ‘LMY B HOX o MH  FOMID ‘v [ HOX o MHOX | +TME® ‘TM - - - -
LMA >>IUX, ITP+EMID EM P R OX [YMd MHOX LME+OMED | +0M M ZME+OMED) |+ A A G v .
e | MHOX ['9MY MHOX | U OMY | ITPHEMUD 'EMUD ‘S | 9TPHEM o MHOX [EM , R il 0D 20| LMo : A L
\\\\\ oX . HO EMHO oo - - d MHOX o d D LMD D o om0
OTP+ZMH®D ZMU® ‘LMY | 9TP+ZMU® | MHOX |'SMY M| ' SMY | 9TP+EMU® | DAY | 9TPrEMU® , ki) ery | L , . .
ik i e = >>_._ = 3, oD . HOMHED ‘TM e —— - -
LMY MHOX | 9TP+ZMUD ZMHD ‘OMY | 9TP+ZMHD ' OX |vMd MHOX | OTPrEMUD EMUD ‘SMY| 9TPHEMUD '€ OX| TME  MHOX LING+OMY® | +0 :
= | e eSO WK s , IO (e (EMHD ‘EMY| 9TP+E e d MHOX|‘'OM: | FOMED ‘0M
“““ HOX . 4O 'TMY® ‘S WO 'ZMHD e, . A B i
9TP+TMID e MHOX | ‘SMY M) | MY | 9TP+ZMY® | i D i MHOX[ZMY M | ZME| 9TP+EMYED | TMY| 9TP+EMH® | 5 o .
[ >>_._%x ,H>>m©>>ﬂ>wm o 0, | S 8 HOX | MHOX vy >>_._%x ,N>>m©>>ﬂ>wm 9TP+ZMUD 'ZMH® ‘EMY| 9TP+2 HOX | MHOX|'TMY EI%A,mEm@Emwm STprEMED ' EMUD ‘oM
\\\\\\ L ‘oM M i P+ITME®D \\.\\‘\\\\\\w\ e m , i %155 e e ,
OTP+HOMU®  OMUD ‘LMY | 9TP+ON HOX,  MHOX|'sMY Exuw 'TMH® ‘S | ITP+TME® ' TMH® ‘7MY | 9TP+TA e el o EI%A AR S s s :
LMY MHOX ' %_D\%_A ITP+OMUD 'OMUD ‘OMYH | 9TP+OMHD o MHOX [y MHOX ' >>ﬂ>wm %Hu:\sm@ 'TME® ‘EMY| 9TP+IMH® it ol o b >>H_>wm B
“““ L ‘9MY MHOX ' TP+OMHD OME®D ‘SMY | 9TP+OMED L MY MHOX A ENa e a e
SP+HIMHED LMY LMY | 8P+LMED | MHOX |‘SMY MHOX ' MY |9TP+OMU®  'OMH®D ‘TMY |9TP+OMUD ! MHOXTEN MO, e B , & .
Dma | BprIMND I o | oX MH OMD) ‘TS |9L+OMHD oM EMe o ol e
LMY MHOX ' SPHIMNID | LY O | BprIMe®D " OX |vMd MHOX | 9TP+OMHD '0 S g " OX| T MHOX o e
A, MHOX |‘oMd M MY 'Oy SP+HIMHD | LMY SMY | 8P+LA | MHOX [€M OMHD EMNY| SO OM® ‘W | STpic | S e
AT HOX ' ) MHD ' LMH'SME | 8D+LMED | LMY e . W S, i
SP+OMHE®D ' OMY LMY | 8P+OMUD ) MHOX | ‘SMY MHOX ' MY | 8P+HLMED T MHOX|ZMY MHOX | 0K T W s | o .
d2MY | 8p+oMu® ! oMy ‘omy | oX MHOD LN TN | BPELIND) L S | 5 o | R
LMd MHOX ' 8P+OMHE® ' 9 STt Pt 1 X [PME MHOX ' 8P+LMID ' L Pl e " OX|'TMY  MHOX, o o .
me MHOX |‘omMd M MY 9N SPHOMU® ' OMY ‘SMY | 8P+ MHOX [€M N xlamad | L 2 | 8pea , s |3 e
o] HOX ' ) MU® ' 9MY ‘S AT d MHOX| . R AR e,
A , me | 8proma® | MY | 8PrOMH® T DT | MHOX|'ZMY  MHOX ' MY | 8P+LMED e I | MHOX 8+
Qma | apreMuD S ‘o | oX MH oM TN | BB | oM S | 3 s | o i SRS
LMY MHOX ! SPHOMUD ' SMY ‘OMY | BPHOMHD F OX [YMd  MHOX ' BIOMID | oMy S | POMNID : oo e
me MHOX |‘omy d oMd SPHOMUD ' MY ‘SMY | 8prome MHOX [€M M BN | SPIOMHD 1 oM ‘e | gbron e | b
T MHOX ! . H® ' SMY ‘S oo Do o MHOX ' ' MO I o i ey n
SP+HYMHED 1 P LMY | 8P+HTMED N MHOX | ‘SMY MHOX ' d | 8P+SMHD TR D MHOX[ZMY  MHOX ' MY | 8P+OMID ! R | MHOX +
DIma | BpMND 1 P ‘o | oX MH S VM | OISO 1 S B | , s | o i R
LMY MHOX ! SP+PME® | PN 'OMY | SPHMED i OX [PME MHOX ! 8P+SMED oms ‘ema | spesmud i OX|'TMd MHOX' 8P+IMED ' 9MYH
me MHOX |‘oMd M MY "9MY SPHPMED | Y ‘S | 8P+ MHOX [€M el N | SISO S TV | Gpva |5 i
\\\\\ o | o wox Nubie MIO SMY ‘2 RS o MHOX' 9
i | o [ MHOx P e MY 8P+rMH D DM | SPHME® o ' e s B i +
ey - »>>_>._w”_vx ot o Ao v HOX | MHOX [pid NSO | v T mwut:sm@ o e | spev \HOX ' MHOX| TMY >>_._ox”m>>m \H,>>_>._w”_vx 8PS oM ‘omd
\\\\\\ ‘OMY MHOX ! +m>>m©,m>>m.“f\\\:‘r\ e MHOX | e ek S
e i (s | o e _ MHOXEM MHO; MHOX|'ZMY  MH MY | 8P+YMHE® T MHOX S+
i o 5 o L e 1 MHOX? oX ! MHOX |* 7MY TMY R
LMY MHOX 8P+ZMH® 1 T ] e OX [FME MHOX ! SPENHD 1€ WS | SemD i | s e |
Ma A MHOX |‘omy M L2 ‘oMY | 8Pz sl bl MHOX [EM; el N | SDIEMO 1 M TV | BB |5 .
\\\\\\ o | o o N MED 1+ €M ‘T i o MHOX!' 1%
8P+TMI® e Iy | eI MHOX | ‘SMY MH MY | 8P+ZMID T SN MHOX[ZMd M MY | SPEMED Y | Sp4END. o +
i i 5 o e 1 MHOX[ HOX ! MH . 1 EMY 'TMY e
i R S S, o |eprameio SP+ZMED i ema [epizmae OX['TMY MHOX! 8P+EMED + EMY
oo MHDX |‘omd M + TMY “omd 8P+TM [ A ! MHOX [EM BN e | vz s o o
\\\\\ o | o i m o MHIX . 4O 1 ZWMY ‘T B d MHOX! e+
gP+OMU®D | OMH ‘LMY | 8P+0Mu® MHOX | ‘'SMY MH S Rt | GO o o e b o
o ‘LMY - OX MH ' TMY ‘P ) g oX MHOX | A oy
e R U RS o | SPHTMU® it ema leprtmae T OX|“TMY  MHOX 8P+ZMH D ZMY
MHOX |‘oMd M 10Md 'OMd 8P+0 U I MHOX [EM i+ TMY 'EMY | 8P+TM CIMYE ZMY | 8P TN , ke s
o 5 heox wox " e ) 4@ | TMY ‘ZTW [ o MHOX! +
X ['SMY M Y | 8P+OMY®D MY | 8P+ OMHD o | oo e M G .
04 HOX | | O D R MO . " R
03 MHOX [yMd M MY | 8P+0MY ‘EMY | 8PHOMHD s 1 2 x| .
oa 02 og 0 HOX MHOX [EMY E_.p_wwvx” ome B SPOWD. | M ‘M | 8P+ o o | o e i %ﬁwx .
: Sprom: P+OMHD | OMY ‘TMY | 8P+OMID | C
06 08 I\ HOX MHOX |'TMY E_va,oim TN | BPHOMAD | OM ‘oM
= = | MHOX |'OMY MHOX s
= | MHOX 0*
0z
0T 00

(Hd. = @1Aq 1s114) €8 ‘IMY MHOX 0Z°€¥ 9|ge
L

239



4.3 Instruction Map

240 Chapter 4: Instructions



