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About This Manual
Using This Manual

About This Manual

This manual is intended for assembly-language programming engineers. It

describes the internal configuration and hardware functions of the MN102H75K

and MN102H85K microcontrollers. Except when discusssiing differing specifi-
cations,this manual refers to the two microcontrollers as a single device :

MN2102H75K/85K.

Using This Manual
The chapters in this manual deal with the internal blocks of the MN102H75K/
85K. Chapters 1 to 5 provide an overview of the MN102H75K/85K’s general

specifications, interrupts, power modes, timers, and serial connections. Chapters
6 to 10 describe the on-screen display and other specialized functions available

with the MN102H75K/85K. Chapter 11 provides the I/O port specifications,
chapter 12 describes the ROM correction feature, chapter 13 describ@ the |

interface, and chapter 14 describes the H scan line counter. Appendix A provides

a register map, and Appendix B describes the flash EEPROM version.

Text Conventions

Where applicable, this manual provides special notes and warnings. Helpful or

supplementary comments appear in the sidebar. In addition, the following
symbols indicate key information and warnings:

Register Conventions

(1

Key information
These notes summarize key points relating to an operation.

Warning
Please read and follow these instructions to prevent damage or
reduced performance.

This manual presents 8- and 16-bit registers in the following format:

REGISTER: Register Name x'000000’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
_ o _ Bit Bit Bit Bit Bit Bit Bit Bit Bit Bit Bit Bit Bit

Name| Name| Name| Name| Name| Name| Name| Name| Name| Name| Name| Name| Name

Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: R R R RW RW RW RW RW RW RW RW RW RW RW RW RW

The hexadecimal value (x’000000") indicates the register address. The top row of

the register diagram holds the bit numbers. Bit 15 is the most significant bit
(MSB). The second row holds the bit or field names. A dash (—) indicates a

reserved bit. The third row shows the reset values, and the fourth row shows the

accessibility. (R =read only, W = write only, and R/W = readable/writable.)
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About This Manual
Related Documents

Related Documents
m  MN102H Series LSI User Manual
(Describes the core hardware.)

m  MN102H Series Instruction Manual
(Describes the instruction set.)

m  MN102H Series C Compiler User Manual: Usage Guide
(Describes the installation, commands, and options for the C compiler.)

m  MN102H Series C Compiler User Manual: Language Description
(Describes the syntax for the C compiler.)

m  MN102H Series C Compiler User Manual: Library Reference
(Describes the standard libraries for the C compiler.)

m  MN102H Series Cross-Assembler User Manual
(Describes the assembler syntax and notation.)

m  MN102H Series C Source Code Debugger User Manual
(Describes the use of the C source code debugger.)

m  MN102H Series Installation Manual
(Describes the installation of the C compiler, cross-assembler, and C source
code debugger and the procedures for using the in-circuit emulator.)
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General Description
MN102H Series Overview

1 General Description

1.1 MN102H Series Overview

The 16-bit MN102H series is the high-speed linear addressing version of the
MN10200 series. The new architecture in this series is designed for C-language
programming and is based on a detailed analysis of the requirements for
embedded applications. From miniaturization to power savings, it provides for a
wide range of needs in user systems, surpassing all previous architectures in
speed and functionality.

This series uses a load/store architecture for computing within the registers rather
than the accumulator system for computing within the memory space, which
Panasonic has used in most of its previous major series. The basic instructions
are one byte/one machine cycle, drastically shrinking code size and improving
compiler efficiency. The circuit is designed for submicron technology, providing
optimized hardware and low system power consumption.

The devices in this series contain up to 16 megabytes of linear address space and
enable highly efficient program development. In addition, the optimized

hardware structure allows for low system-wide power consumption even in large
systems.

1.2 MN102H Series Features

Designed for embedded applications, the MN102H series contains a flexible and
optimized hardware architecture as well as a simple and efficient instruction set.
It provides both economy and speed. This section provides the features of the
MN102H series CPU.

m High-speed signal processing
An internal multiplier multiplies two 16-bit registers for a 32-bit product in a
single cycle. In addition, the hardware contains a saturation calculator to
ensure that no signal processing is missed and to increase signal processing
speed.

m Linear addressing for large systems
The MN102H series provides up to 16 megabytes of linear address space.
With linear addressing, the CPU does not detect any borders between
memory banks, which provides an effective development environment. The
hardware architecture is also optimized for large-scale designs. The memory
is not divided into instruction and data areas, so operations can share
instructions.

Panasonic Semiconductor Development Company MN102H75K/F75K/85K/F85K LSI User Manual
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General Description
MN102H Series Features

m  Single-byte basic instruction length
The MN102H series has replaced general registers with eight internal CPU
registers divided functionally into four address registers (A0 - A3) and four
data registers (DO - D3). The program can address a register pair in four or
less hits, and basic instructions such as register-to-register operations and
load/store operations occupy only one byte.

Conventional code assignment for general register instructions
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Register specification
GRn)

Register specification
(An/Dn)
New Panasonic code assignments
Figure 1-1 Conventional vs. MN102H Series Code Assignments
m High-speed pipeline throughput
The MN102H series executes instructions in a high-speed three-stage
pipeline: fetch, decode, execute. With this architecture, the MN102H series

can execute single-byte instructions in only one machine cycle (50 ns at 40
MHz).

1 machine cycle

Time
Instruction 1 Fetch I:> Decode
At b [ e
Instruction 2 | Fetch | £y | Decode
celoulation| = | Execue

Figure 1-2 Three-Stage Pipeline

m  Simple instruction set
The MN102H series uses a streamlined set of 41 instructions, designed spe-
cifically for the programming model for embedded applications. To shrink
code size, instructions have a variable length of one to seven bytes, and the
most frequently used basic instructions are single-byte.
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MN102H Series Features

m  Fastinterrupt response
MN102H series devices can stop executing instructions, even those with
long execution cycles, to service interrupts immediately. After an interrupt
occurs, the program branches to the interrupt service routine within six
cycles or less. The architecture also includes a programmable interrupt
handler, which allows you to adjust interrupt servicing speed within the
software when necessary, improving real-time control performance.

Main Program

Instruction 1
Interrupt Service Routine

Instruction 2
Interrupt Request

Instruction 3

Instruction 4

Figure 1-3 MN102H Series Interrupt Servicing

m  Flexible interrupt control structure
The interrupt controller supports a maximum of 64 interrupt vectors.
(Vectors 0 to 3 are nonmaskable interrupts.) Groups of up to four vectors are
assigned to classes, and each class can be set to one of seven priority levels.
This gives the software designer great flexibility and fine control. The core is
also backwards compatible with software from previous Panasonic
peripheral modules.

m  High-speed, high-functionality external interface
The MN102H series provides DMA, handshaking, bus arbitration, and other
functions that ensure a fast, efficient interface with other devices.

m  Optimal C-Language development environment
The MN102H series combines hardware optimized for C language pro-
gramming with a highly efficient C compiler, resulting in assembly codes the
same size as that produced directly in assembly language. This gives
designers the advantage of short development time in a C language envi-
ronment without the trade-off in code size expansion. The PanaXSeries
development tools support MN102H series devices.
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MN102H Series Description

Outstanding power savings

The MN102H series contains separate buses for instructions, data, and
peripheral functions, which distributes and reduces load capacitance, dra-
matically reducing overall power consumption. The series also supports
three HALT and STOP modes for even greater power savings.

The MN102H series is the flagship product for Panasonic’s new high-per-
formance architecture. Panasonic will expand the series as it strives to improve
the CPU core’s performance and speed, and as it develops devices incorporating
ASSPs, ASICs, internal EPROM, and other products to meet the needs of a wide
array of embedded designs.

1.3

MN102H Series Description

This section describes the basic architecture and functions of MN102H series
devices.

B Processor status word (PSW)
The PSW contains the operation status flags and interrupt mask levels flags. Note
that the PSW for the MN102H series contains flags for both 16- and 24-bit
operation results

Bit: 15

Flags for All 24 Bits Flags for Low-O rder 16 Bits

14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

ST S1 SO E M2 M1| MO| VX CX NX ZX VF CH NH ZH

Rest: —

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ST: Saturation

This bit controls whether or not the CPU calculates a saturation limit for an
operation. When it is set to 1, the CPU executes a saturate operation, and
when it is 0, the CPU executes a normal operation. The PXST instruction

can reverse the meaning of this bit for the next (and only the next) instruc-
tion.

S[1:0]: Software control

These bits are the control field for OS software. It is reserved for the OS.

IE: Interrupt enable

If set, this flag enables maskable interrupts; if reset, it disables them.

IM[2:0]: Interrupt mask level

This field indicates the mask level (from 0 to 7) of interrupts that the CPU
will accept from its seven interrupt input pins. The CPU will not accept
any interrupt from a pin at a higher level than that indicated here.

VX: Extension overflow

CX:

If the operation causes the sign bit to change in a 24-bit signed number,
this flag is set; otherwise it is reset.

Extension carry flag
If the operation resulted in a carry into (from addition) or a borrow out of
(from subtraction or a comparison) the most significant bit, this flag is set;
otherwise it is reset.
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NX: Extension negative flag
If the most significant bit of the result of an operation has the value 1, this

flag is set; if that bit is 0, this flag is reset.

ZX: Extension zero flag
If all bits of the result of an operation have the value 0, this flag is set; oth-
erwise it is reset.

VF: Overflow flag
If the operation causes the sign bit to change in a 16-bit signed number,
this flag is set; otherwise it is reset.

CF: Carry flag
If the operation resulted in a carry into (from addition) or a borrow out of

(from subtraction or a comparison) bit 15, this flag is set; otherwise it is
reset.

NF: Negative flag
If bit 15 of the result of an operation has the value 1, this flag is set; if that
bit is 0, this flag is reset.

ZF: Zero flag
If the least significant 16 bits of the result of an operation have the value 0,
this flag is set; otherwise it is reset.
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B Internal registers, memory, and special function registers

Program Counter
23 0
PC | The program counter specifies the 24-bit address of the
program instruction being executed.

Address Registers

23 0
AO | The four address registers specify the location of the data in
the memory. A3 is assigned as the stack pointer.
I AL |
I A2 |
I A3 |

Data Registers

23 0

| DO | The four data registers handle all arithmetic and logic
operations. When byte-length (8-bit) or word-length (16-bit)

| D1 | data is to be transferred to memory or to another register, an
instruction adds a zero or sign extension.

I D2 |

I D3 |

Multiplication/Division Register

15 0
| MDR | The dedicated multiplication/division register stores the high-
order 16 bits of the 32-bit product of multiplication operations.
In division operations, before execution it stores the high-order
Processor Status Word 16 bits of the 32-bit dividend, and after execution it stores the
15 0 16-bit remainder of the quotient.
| PSW |

Memory, SFRs, and 1/0 Ports

Memory (ROM and RAM), special function registers for
ROM ’ ) .

controlling peripheral functions, and 1/0 ports can all be
assigned to the same address space.

RAM
CPUM, EFCR, IAGR Internal control registers!
NMICR, xxICR Interrupt control registers?

SCCTRn, TRXBUFN, SCSTRnN |  Serial interface registerst

ANCTR, ANNBUF A/D converter registerst
TMn, BCn, BRn, ... Timer/counter registerst
MEMMD Memory control registerst
PnOUT, PnIN, PnDIR I/O port registers?

Note: 1. This allocation is a representative example. Actual memory, peripheral, SFR, and 1/O port configuration depends
on the product.

Figure 1-4 Internal Registers, Memory, and Special Function Registers
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General Description
MN102H Series Description

B Address space
The memory in the MN102H series is configured as linear address space. The
instruction and data areas are not separated, so the basic segments are internal
ROM, internal RAM, and special function registers.

Figure 1-5 shows the address space for the MN102H75K/85K.The internal ROM
contains the instructions and the font data for the on-screen display (OSD), in any
location. The internal RAM contains the MCU data and the VRAM for the OSD,

in any location

X'007E00 Special Function
XOO7EEF’ Registers
x'008000°
Internal RAM
Data
8 KB
OSsD
Text VRAM
Graphics VRAM
X'009FFF" |
' :
X'00FC00’
Special Function
Registers
X'00FFFF’
h l
‘ ‘
Program start addressT E H
= x’'080000’ X'080000’ '
Interrupt handler start——————
address = x’080000’ Internal ROM
Program
256 KB
OsD
Text fonts
Graphic tiles
X'0BFFFF’

Figure 1-5 Address Space

Note: In writing, do not use MOVB instruction to access Special Function Registers (xX00FCO00’ - X’ 00FFFF’), access by
word. In reading, access by byte is possible.
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General Description
MN102H Series Description

®  Interrupt controller
An interrupt controller external to the core controls all nonmaskable and
maskable interrupts except reset. There are a maximum of sixteen interrupt
classes (class 0 to 15). Each class can have up to four interrupt factors and any of
seven priority levels

CPU Core
Maskable Interrupt Nonmaskable Interrupt Reset
Receive Receive Receive Reset
I
Interrupt Enable Interrupt Controller
f Nonmaskable interrupts
. Groups 0-3 4 External NMI pin input
‘ Interrupt Masking ‘ Nonmaskable Interrupt Controllers Watchdog timer
4 Nonmaskable Interrupt Undefined instruction
6| 5/ 4| 3] 2 1 0 Control Registers (NMICR) Interrupt occurred
{ (WDICR) -
T (UNICR) but no vector exists
{ (EIICR)
4

- Group 4 -
Maskable Interrupt Controllers
Maskable Interrupt
- Control Registers (xx ICR) Maskable interrupts

Max. 240 vectors

4 External pin interrupts
- Group 63 Peripheral interupts
Maskable Interrupt Controllers

[~ Maskable Interrupt
Control Registers (xx ICR)

Note: Interrupt control hardware configuration varies between products.

Figure 1-6 Interrupt Controller Configuration

The CPU checks the processor status word to determine whether or not to accept
an interrupt request. If it accepts the request, automatic hardware servicing
begins and the contents of the program counter and other necessary registers are
pushed to the stack. The program then looks up and branches to the entry address
of the interrupt service routine for the interrupt that occurred.

Interrupt preprocessing
Push registers, branch to entry address, etc.

Main program X'080008'
Hardware processing Interrupt service routine
Push PC, PSW Header resets interrupt vector
T IMP, etc. ]
Interrupt AN ;
Max. 6 machine cycles 7 machine cycles
A
Figure 1-7 Interrupt Servicing Sequence
MN102H75K/F75K/85K/F85K LSI User Manual Panasonic Semiconductor Development Company
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General Description
General Specifications

1.4 General

Specifications

Table 1-1 General Specifications

Parameter

Specification

Structure Internal multiplier (16-bit x 16-bit = 32-bit) and saturate calculator

Load/store architecture

¢
¢

Eight registers:

Four 24-bit data registers
Four 24-bit address registers

¢
¢
¢

Other:

24-bit program counter
16-bit processor status word
16-bit multiply/divide register

Instruction set ¢ 4l instructions
¢ 6 addressing modes
¢ 1-byte basic instruction length
¢ Code assignment: 1 byte (basic) + 0 to 6 bytes (extension)
Performance 12-MHz internal operating frequency (with a 4-MHz external oscilla-
tor)

¢
¢
¢

Instruction execution clock cycles:

Minimum 1 clock cycle (83.3 ns) for register-to-register operations
Minimum 1 clock cycle (83.3 ns) for load/store operations
Minimum 2 clock cycles (167 ns) for branch operations

Pipeline 3-

stage: fetch, decode, execute

Address space .
.

Linear address space
Shared instruction/data space

Interrupts .
¢
.

6 external
30 internal
7 priority level settings

Low-power modes | ¢
.
.

STOP
HALT
SLOW

Oscillation fre- 4
quency

MHz (48 MHz with internal PLL)

Panasonic Semiconductor Development Company
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General Description
General Specifications

Table 1-1 General Specifications

Parameter

Specification

Timer/counters

Four 8-bit timers:

¢ Cascading function (forming 16- or 32-bit timers)
¢ Timer output

¢ Selectable clock source (internal or external)
¢ Serial interface clock generation

.

Start timing generation for analog-to-digital converter

Two 16-bit timers:

¢ Compare/capture registers

¢ Selectable clock source (internal or external)
¢ PWM and one-shot pulse output

+ Two-phase encoder input (4x or 1x formats)

16-bit watchdog timer

ROM correction

16 bytes (8-bit x 16)

SYSCLK output

SYSCLK or SYSCLK/214 (732.42 Hz)

Serial interfaces

¢ Two UART/synchronous serial/l2C (master only) interfaces
+ One I2C interface (multimaster; 2-channel with 1 internal circuit)

Analog-to-digital
converter

¢ 8-bit with 12 channels
+ Automatic scanning

IR remote signal
receiver

+ Automatic HEAMA / 5-/6-bit detection
¢ 1-bit interrupt

PWM

8-bit with 7 channels (3.3-volt tolerance)

Closed-caption
decoder

¢ 2 channels
¢ Internal sync separator

On-screen display

Three-layer format

¢ Textlayer: 16 x 18 pixels (16 x 26 in closed caption mode), blink-
ing, outlining, shadowing (foreground and background), shutter
effect, italics (CC mode), underlining (CC mode)

¢ Graphics layer: 16 x 16 / 16 x 18 pixels

¢ Cursor layer: 16 x 16 / 32 x 32 pixels (1 cursor, displaying one
graphic tile)

Color depth: One 16-color palette out of 4096 colors

Dot clock

¢ Internal PLL frequencies: 12, 16, 24, 32 and 48 MHz
¢ External clock: 16-48 MHz

¢ LC blocking oscillator: 16-48 MHz

1/0 ports

66(MN102H75K/F75K) / 50(MN102H85K/F85K)

Package

84-pin-QFP(MN102H75K/F75K) / 64-pin-SDIL(MN102H85K/F85K)

MN102H75K/F75K/85K/F85K LSI User Manual
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General Description
Block Diagram

1.5 Block Diagram

Address registers Data registers
A0 Do T1=— Clock e Clock
Al D1 T2 <—— generator source
A2 D2 Multiplication/Division Register
A3 D3 MDR
A Instruction execution
controller
T
g Instruction decoder
Multiplier Program
P Cot?nter Quick decoder
PSwW
Incrementer
~— ALU
Instruction Interrupt
i ¢ queue controller
Program address ‘ Operand address %
i i Interrupt bus
Bus controller
ROM b RAM b ‘ | *
< us ( us ) Peripherals extensionBs
Y Y Y
External interface
Internal ROM Internal RAM * * Internal peripheral
emal extensio@ o functions
BR BG T
Figure 1-8 Functional Block Diagram
Panasonic Semiconductor Development Company MN2102H75K/F75K/85K/F85K LSI User Manual
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General Description
Block Diagram

Table 1-2 Block Diagram Explanation

Block

Description

Clock generator

An oscillation circuit connected to an external crystal supplies the
clock to all blocks within the CPU.

Program counter

The program counter generates addresses for queued instruc-
tions. Normally it increments based on the sequencer indications,
but for branch instructions it is set as the branch head address,
and for interrupt servicing, it is set as the result of the ALU opera-
tion.

Instruction queue

This block contains up to four bytes of prefetched instructions.

Instruction decoder

The instruction decoder decodes the contents of the instruction
queue, generates, in the proper sequence, the control signals nec-
essary for executing the instruction, and controls every block in the
chip to execute the instruction.

Quick decoder

This block decodes instructions that are 2 bytes or larger in at a
much faster rate than previously possible.

Instruction execution
controller

This block controls the operation of every block within the CPU
using the results from the instruction decoder and interrupt
requests.

ALU Arithmetic and logic unit. This block calculates the operand
addresses for arithmetic operations, logic operations, shift opera-
tions, relative indirect register addressing, indexed addressing,
and indirect register addressing.

Multiplier This block multiplies 16 bits x 16 bits = 32 bits.

Internal ROM and
RAM

These memory blocks contain the program, data, and stack areas.

Address registers
(An)

The address registers store the addresses in memory to be
accessed in data transfers. In relative indirect, indexed, and indi-
rect addressing modes, they store the base address.

Operation registers

The data registers store data to be transferred to memory and

(Dn, MDR) results of operations. In indexed and indirect addressing modes,
they store the offset address.
The multiplication/division register stores data for multiplication
and division operations.

PSW The processor status word contains flags that indicate the status

of the CPU interrupt controller and provide information about oper-
ation results.

Interrupt controller

This block detects interrupt requests from peripheral function
blocks and requests the CPU to service the interrupt.

Bus controller

This block controls the connection between the CPU's internal and
external buses. It also contains a bus arbitration function.

Internal peripheral
functions

MN102H series devices contain a wide range of internal periph-
eral devices, such as timers, serial interfaces, ADCs, and DACs.

MN102H75K/F75K/85K/F85K LSI User Manual
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General Description

Pin Descriptions

1.6 Pin Descriptions

1.6.1 MN102H85K Pin Description

P00, RMIN, IRQO
* P01, SDAL

* P02, SCL1

P03, ADINO

P04, ADIN1

P05, ADIN2

P06, ADIN3

P07, ADIN4

P10, ADIN5, IRQ1
P11, ADING, IRQ2
P12, ADIN7, IRQ3
P13, ADINS, WDOUT
P14, ADIN9, STOP
P15, ADIN10, PWMO
P16, ADIN11, PWM1
P17, PWM2

P20, PWM3

P21, PWM4

P22, PWM5

P23, PWM6

P24, TM4IC, SBT1
P25, TM4IOB, SBI1, SBD1
P26, TM4IOA, SBO1
P27, TMOIO

VDD (VPP)

P30, CLH

VREFHS

P31, CVBSO

vss

P32, CVBS1
VREFLS

P33, CLL

Notes:

@)

© o ~NoO U WN R

/

64-Pin SDIP
Top View

Vss
osc2

osc1

VDD

P61, SCLO *

P60, SDAO *

P57, SBTO

P56, SBIO, SBDO
P55, SBOO

P54, IRQ5, VSYNC
P53, RST

P52, IRQ4, VIO
TEST

P51,YS

P50, SYSCLK
P47, HSYNC

P46, OSDXI

P45, OSDXO

P44, TM5IC, HI1 *
P43, TM5I0B, HIO *
P42, TM5IOA *
P41, TM1IO *
vcol

PDO

P40, DAYMOUT, YM
P37, DABOUT, B
P36, DAGOUT, G
P35, DAROUT, R
VREF, P34

IREF

COMP

AVDD

1. Pins marked with an asterisk (*) are N-channel, open-drain pins.

2. Pin 25is \bp in the MN102H85K and Wpin the MN102HF85K.
Figure 1-9 MN102H85K Pin Configuration in Single-Chip Mode
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1.6.2 MN102H75K Pin Description

o
a o
g . £,
seg 3 Z2g422z2:z2
[ e o = 0o0o0ooaoag
n n 0 %) -« o on<< << <
0 SN g o 40000 0n~Ng dad g wd N o
0 O Www o ool DN o S o o O © O © o ~
o Zaooaooaoa>00>a00a0000aadanoa
T MO N 4 O O 0N~ ©O© WO F MO N A O O 0N~ O W0
W W W W O ~NNNMNNKNMNMNNMMNMDNMNRKO O © © © ©
P55, SBOO <3| 1 . 63 — NC
P54, IRQ5, VSYNC < 2 62 [&—>» P71
P84 << 3 61 (< P10, ADIN5, IRQ1
NC — 4 60 < P11, ADING, IRQ2
P53, RST <+ 5 59 (< P12, ADIN7, IRQ3
P52, IRQ4,VI0O <> 6 58 [ P72
TEST —»| 7 57 <> P13, ADIN8, WDOUT
P51,YS <> 8 56 [« P14, ADIN9, STOP
P83 <3| 9 55 | P73
P50, SYSCLK - 10 84-Pi Ep 54 (< P15, ADIN10, PWMO
-PIin
P82 <« 11 T V_Q 53 (< P16, ADIN11, PWM1
—_— 0] lew
P47, HSYNC <3| 12 p 52 | P17, PWM2
P81 < 13 51 (< P20, PWM3
P46, OSDXI <& 14 50 [ P21, PWM4
P45, OSDXO < 15 49 |[<—» P22, PWM5
* P44, TM5IC, HI1 <3| 16 48 |4 P23, PWM6
* P43, TM5I0B, HI0 <3| 17 47 | P24, TM4IC, SBT1
* P42, TM5I0A <-—» 18 46 [ P25, TM4I0B, SBI1, SBD1
* P41, TM1IO <3| 19 45 |- P26, TM4I0A, SBO1
VCOlI —»| 20 44 | P27, TMOIO
PDO -— 21 43 4> P74
N MO < I © I~ 0 0O O 4 N M < 1 © N 00 O o o
AN N NN NN NN N NN ANHO MmO M MmomMmomomomoms s <
S rEfeciRgs205E 283088
50 0804 C<ged SE g5
g 2 2 g L - e
$9 88° 2 g >
fa g~ G 0
cg £8
<
a

Notes: 1. Pins marked with an asterisk (*) are N-channel, open-drain pins.
2. Pin41is \bp in the MN102H75K and ¥pin the MN102HF75K.

Figure 1-10 MN102H75K Pin Configuration in Single-Chip Mode
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General Description

Pin Descriptions

Table 1-3 Pin Functions

Block Pin Name /0 Rin Count Description
Vpp | 1 Voltage supply
Vss | 2 Ground reference
Power AVpp I 1 Analog voltage supply
VooNpp | 1 Voltage supply_: Vpp in mask ROM version and Vpp in
EEPROM version
SYSCLK (@] 1 System clock output
0OSsC1 | 1 Oscillator input connection (with internal PLL)
Clocks osc2 (0] 1 Oscillator output connection (with internal PLL)
OSDXI | 1 OSD oscillator input connection (alt. function: P46)
OSDXO O 1 OSD oscillator output connection (alt. function: P45)
Reset RST 110 1 Reset (alt. function: P53)
Interrupts (external) RO0_IROE | 6 IEgt)e’r}r;::iloi’rlltjelrr1L’Jthlr;qgcreszt’thrr;i)crocontroller (alt. functions:
HSYNC | 1 Horizontal sync signal input
0oSsD VSYNC [ 1 Vertical sync signal input
YS (@) 1 Video signal cut
TMnIOA (n=4,5) 110 2 Input capture/output compare A
) 16-bit (2) TMnIOB (n=4,5) 110 2 Input capture/output compare B
Timers TMnIC (n=4,5) | 2 Timer/counter clear signal
8-bit (4) TMnIO (n=0,1) 110 2 Timer clock input/timer output
SBIO/SBI1 | 2 Serial data input
SBD0/SBD1 1/0 2 Serial data input
Serial interfaces (2)
SBO0/SBO1 110 2 Serial data output
SBTO/SBT1 110 2 Serial clock signal
SDAO/SDA1 1/0 2 1°C data
I2C interfaces (2)
SCLO/SCL1 10 2 1C clock
IR remote signal receiver RMIN | 1 Remote signal input
PWM (8-bit, 7-channel) PWM0-PWM6 O 7 Pulse width modulator output
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General Description
Pin Descriptions

Table 1-3 Pin Functions (Continued)

Block Pin Name /0 Rin Count Description
P00-P0O7 110 8 General-purpose port 0 I/0
P10-P17 1/0 8 General-purpose port 1 1/0
1/0 ports
MN102H75K/HE75K: P20-P27 1/0 8 General-purpose port 2 1/0
total 66 pins P30-P37 110 8 General-purpose port 3 1/10
MN102H85K/HF85K: P40-P47 1/0 8 General-purpose port 4 1/0
total 50 pins
P50-P57 1/0 8 General-purpose port 5 1/0
P60-P61 110 2 General-purpose port 6 1/10
1/0 ports only in P70-P77 1/0 8 General-purpose port 7 1/0
MN102H75K/F75K
P80-P87 1/0 8 General-purpose port 8 1/0
CVBS0/CBVS1 | 2 Composite video signal input
CLH | 1 Clamp level high input
Closed-caption decoders (2) CLL | 1 Clamp level low input
VREFHS | 1 CCD reference voltage input
VREFLS | 1 CCD reference voltage input
A/D converter (12-channel) ADINO-ADIN11 | 12 Analog signal input
DAROUT @ o 1 DAC output (red)
DAGOUT @ o 1 DAC output (green)
DABOUT @ o 1 DAC output (blue)
D/A converter 1
_ DAYMOUT @ o 1 DAC output (YM)
(4-bit, 4-channel)
IREF | 1 Resistance connection for DAC bias current setting
VREF | 1 DAC reference voltage connection
COMP | 1 DAC phase compensator connection
VCOI | 1 Internal VCO input (external LPF input)
PLL
PDO O 1 Internal phase compare output (external LPF output)
STOP (0] 1 STOP mode status signal
Mode
WDOUT (0] 1 Watchdog timer overflow signal
Test TEST | 1 Test pin (Connect to ground.)
Notes: 1. When DAROUT, DAGOUT, DABOUT, and DAYMOUT are used for digital output, their names are R, G, B, and

YM, respectively.
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General Description
Pin Descriptions

m  Considerations for power supply, clock, and reset pins

Vbb AVDD
Power MN102H75K
Supply MN102H85K

Vss AVss

Note: If the circuit uses the same power supply for digital and analog supplies, connect
the pins in the location closest to the power supply.

Figure 1-11 Power Supply Wiring

‘ OsC1 0sc2 ‘ ‘ 0SsC1 osc2 ‘

4 MHz 0.1 pF

iU L5

; Oscillation
7777 Circuit

Note: The capacitance values vary depending on the oscillator.

Figure 1-12 OSC1 and OSC2 Connection Examples

Di
10 kQ - 50 kQ

RST
-

10 UF - 100 pF i SW

Figure 1-13 Reset Pin Connection Example 1

‘ OSDXI OSDXO ‘ ‘ OSDXI OSDXO ‘
16MHz - 48MHz
——

16MHz - 48MHz

Oscillation
Circuit

Note: The capacitance values vary depending on the oscillator.

Figure 1-14 OSDXI and OSDXO Connection Examples

m  Connection the PLL circuit
The MN102H75K/85K contains an internal PLL circuit. To use this circuit, you
must connect it to an external (lag-lead) filter.
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General Description
Bus Interface

1.7 Bus Interface

1.7.1 Description
The bus interface operates in external extension mode. Figure 1-15 provides the
memory space for the MCU in this mode.

External Expansion Mode

x'000000'

External devices :I—

X'008000"

Internal RAM
(8192 bytes (*3))

X'00A000" (*4)

X'00FCO00*

Peripheral registers

X'010000'

External devices :l—— External memory space 0 (CSO signal):

—— x'080000"
Reset start

IR remote signal receive

Internal masked ROM 1°’c
(256 Kbytes (‘1)) OsD
CCDO

X'0C0000" (2)

CCD1
>< H counter

X'200000'

x'400000'

:I— PWM

x'800000'

External devices

E&ernal memory space 1 |
(CS1 signal)

External memory space 2

bt — Cannot be accessed.
(CS2 signal)

x'C00000"

External memory space 3
(CS3 signal) _

XFFFFFF'

Expandable up to 16 MB

*1 *D *3 *4

MN102H75K | 256 Kbytes| x'0C0000' |8192 bytes | X'00A000'

Figure 1-15 Memory Space in External Extension Mode
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General Description
Bus Interface

1.7.2 Bus Interface Control Registers
The external memory wait register (EXWMD) and memory mode register 1
(MEMMD1) control the bus interface.

EXWMD: External Memory Wait Register X'00FF80’

Bit: 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

EW33 EW32 EW 31l EWR0 EW23 EW 22 EW 21 EW 20 EW 13 EW 12 |EW 11| EW 10 EW 0B EW {2 EW|01 EW 00

Rest: 1 1 1 0 1 1 1 0 1 1 1 0 1 1 1 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

EW[33:30], EW[23:20], EW[13:10], EW[03:00]
These fields contain the wait settings for external memory spaces 3, 2, 1,
and 0, respectively. One wait corresponds to one instruction cycle. When
the external oscillator is 4 MHz, one wait is 83 ns.

The OSD, VBIO, VBI1, I12C, IR remote signal receiver, and H counter
blocks apply to external memory space O.
Table 1-4 Wait Count Settings

EW[n3:n0] Setting Wait Count Cycles
0000 0.0 1.0
0001 Reser ved
0010 1.0 | 2.0
0011 Reser ved
0100 2.0 | 3.0
0101 Resr ved
0110 3.0 | 4.0
0111 Reer ved
1000 4.0 | 5.0
1001 Resr ved
1010 50 | 6.0
1011 Resr ved
1100 6.0 | 7.0
1101 Resr ved
1110 7.0 | 8.0
1nn Reser ved

MEMMD1: Memory Mode Register 1 x'00FF82’

Bit: 15 14 13 12 un 10 9 8 7 6 5 4 3 2 1 0

EB3l | EB32| EB21| EB20| EB11| EB10| EBOl| EBOO| BRS]1 BRSp BR{3 BR(C2 BRC1 BRCOW 1 OW(

Rest: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Write Os to bits 15 to 2.

IOW[1:0]: Wait setting for internal I/O space
00: 1 wait
01: Reserved
10: 2 waits
11: 3 waits
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2

Interrupts

2.1 Description

The most important factor in real-time control is an MCU’s speed in servicing
interrupts. The MN102H75K/85K has an extremely fast interrupt response time
due to its ability to abort instructions, such as multiply or divide, that require
multiple clock cycles. The MN102H75K/85K re-executes an aborted instruction
after returning from the interrupt service routine.

This section describes the interrupt system in the MN102H75K/85K. The
MN102H75K/85K contains 36 interrupt group controllers. Each controls a single
interrupt group. Because each group contains only one interrupt vector, the
MN102H75K/85K can handle interrupts much quicker than previously possible.
Each interrupt group belongs to one of twelve classes, which defines its interrupt
priority level.

With the exception of reset interrupts, all interrupts from timers, other peripheral
circuits, and external pins must be registered in an interrupt group controller.
Once they are registered, interrupt requests are sent to the CPU in accordance
with the interrupt mask level (0 to 6) set in the interrupt group controller. Groups
1 to 3 are dedicated to system interrupts. Table 2-1 compares the interrupt
parameters of the MN102H75K/85K to those of the MN102L35G, the com-
parable MCU in the previous generation of the 16-bit series.

Table 2-1 Comparison of MN102H75K/85K and MN102L35G Interrupt Features
Parameter MN102L35G MN102H75K/85K

Interrupt groups 4 vectors per group 1 vector per group
(IAGR group numbers (Separated by interrupt | (Group number gener-

service routine) ated for each interrupt)
Interrupt response time Good Excellent

Interrupt level settings 4 vectors per level 4 vectors per level

Software compatibility — Easily modified

The MN102H75K/85K has six external interrupt pins. Set the interrupt condition
(positive edge, negative edge, either edge, or active low) in the EXTMD register.

> Interrupt

Internal to CPU

interrupts

EXTMD Interrupt
arbitration

IRQO—— | Edge/level
IRQL—— | Edge/level
IRQ2 — | Edge/level
IRQ3—— | Edgel/level
IRQ4— | Edge/level
IRQ5— 1 | Edgel/level

Figure 2-1 Interrupt Controller Block Diagram
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Priority Register

Group Interrupt Vector Level Address
Group 0
MN102H NMis Group 1 | Watchdog timer Class | 00FC42 (R/W)
CPU Core Group 2 | Undefined instruction 0 00FC44 (R/W)
Group 3 | Error interrupt 00FC46 (R/W)
Group 4 | External interrupt O 00FC48 (R/W)
Levels0 6 Group 5 | External interrupt 1 Class | 00FC4A (R/W)
Group 6 1
Group 7
Group 8 | External interrupt 2 00FC50 (R/W)
Group 9 | External interrupt 3 Class | 00FC52 (R/W)
Group 10 2
Group 11
Group 12| External interrupt 4 00FC58 (R/W)
Group 13| External interrupt 5 Class | 00FC5A (R/W)
Group 14 3
Group 15
Group 16 | Timer 4 compare/capture B 00FC60 (R/W)

Group 17| Timer 4 compare/capture A | Class | 00FC62 (R/W)
Group 18| Timer 4 underflow interrupt 4 00FC64 (R/W)
Group 19| VBl interrupt (1) 00FC66 (R/W)

Group 20 | Timer 5 compare/capture B 00FC68 (R/W)
Group 21| Timer 5 compare/capture A | Class | 0OFC6A (R/W)
Group 22| Timer 5 underflow interrupt 5 00FC6C (R/W)
Group 23| VBI interrupt (2) 00FC6E (R/W)

Group 24| Timer 2 underflow interrupt 00FC70 (R/W)
Group 25| Timer 1 underflow interrupt | Class | 00FC72 (R/W)
Group 26 | Timer 0 underflow interrupt 6 00FC74 (R/W)
Group 27 | Remote signal receive int. 00FC76 (R/W)

Group 28 | Address 3 match interrupt 00FC78 (R/W)
Group 29 | Address 2 match interrupt | Class | 0OFC7A (R/W)
Group 30| Address 1 match interrupt 7 00FC7C (R/W)

Group 31| Address 0 match interrupt 00FCT7E (R/W)
Group 32| A/D conversion end int. 00FC80 (R/W)
Group 33| Serial 0 transmission end Class | 00FC82 (R/W)
Group 34| Serial 0 reception end 8 00FC84 (R/W)
Group 35

Group 36 | VBIVSYNC interrupt (1) 00FC88 (R/W)

Group 37| VBIVSYNC interrupt (2) Class | 00FC8A (R/W)
Group 38| Timer 3 underflow interrupt 9 00FC8C (R/W)

Group 39
Group 40 | OSD interrupt (graphics) 00FC90 (R/W)
Group 41| OSD interrupt (text) Class | 00FC92 (R/W)
Group 42 10

Group 43

Group 44| Serial 1 transmission end 00FC98 (R/W)
Group 45| Serial 1 reception end Class | 00FC9A (R/W)
Group 46 | I12C interrupt 11 | 0OFCOC (R/W)
Group 47

Figure 2-2 Interrupt Vector Group and Class Assignments
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Description
O
S
Program 00@6\ Address 80008
$
Interrupt
Handler
(preprocessing) )
\eS
Max. 6 cycles st ©® e
The interrupt request is
Interrupt service | deleted in the header
routine (Included in the cycle
count shown to the left.)
Its
F\(S CJ’C/eS)
% Handler \
O@/ (postprocessing)
%@J Registers popped
Figure 2-3 Interrupt Servicing Time
Table 2-2 Handler Preprocessing
Sequence Assembler Bytes Cycles
Push registers add -8,A3 2 1
mov  AO,(A3) 2 2
movx DO,(4,A3) 3 3
Interrupt ACK mov (FCOE),DO 3 1
Generate header address | mov BASE,A0 3 1
for interrupt service routine | moy  (D0,A0),A0 2 2
Branch jsr  (A0) 2 5
Total 17 15
Table 2-3 Handler Postprocessing
Sequence Assembler Bytes Cycles
Pop registers mov  (A3),A0 2 2
movx (4,A3),D0 3 3
add 8,A3 2 1
Total 7 6
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2.2 Interrupt Setup Examples

2.2.1 Setting Up an External Pin Interrupt

In this example, an interrupt occurs on a falling-edge signal from the IRQO (P00)
external interrupt pin, and the interrupt priority level is 5.

On reset, the external edge setting in the EXTMD register is low (b’00’ = active-
low interrupt), and the IQOIR bit of the IQOICL register is 0.

| CORE | | ROM,RAM |
IRQD —{ PO —=| Interrupts | | Bus Controller |
[P2| | Timers0-5 | | Seriall/Fs |
ADC

Figure 2-4 Block Diagram of External Pin Interrupt

B Enabling external interrupt O
1. Set the interrupt conditions for the IRQO (P0O0) pin. For this example, set the
IQOTG[1:0] bits of EXTMD to b’10’ (negative-edge-triggered interrupt).

EXTMD (example) X'00FCF8’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 o |!QSTG|IQ5TG|IQ4TG|IQ4TG|IQ3TG|IQ3TG|IQ2TG|IQ2TG|IQ1TG|IQLTG|IQOTG|IQOTG
1 0 1 0 1 0 1 0 1 0 1 0
Setting: — — — — 0 0 0 0 0 0 0 0 0 0 1 0

2. Cancel any existing interrupt requests and enable IRQO interrupts. To do
this, set the IQOIR bit of IQOICL to 0, set the IQOLV[2:0] bits of IQOICH to
b'101’ (priority level 5), and set the IQOIE bit to 1.

IQOICL (example) x'00FC48’
Bit: 7 6 5 4 3 2 1 0
— — — IQOIR — — — 1QOID
Setting: 0 0 0 0 0 0 0 0
IQOICH (example) x'00FC49’
Bit: 7 6 5 4 3 2 1 0
— | 1QoLv2 | 1QoLva | IQoLvo | — — — IQOIE
Setting: 0 1 0 1 0 0 0 1
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3. Enable interrupts by writing a 1 to the interrupt enable flag (IE) in the PSW
and setting the interrupt masking level (IM[2:0]) to 7 (b’111’).

Now if a falling edge occurs on IRQO (P00), an interrupt will occur. If the
CPU accepts the interrupt, the program branches to address x'080008’.

B Servicing the interrupt
The main program normally gen- 4. During interrupt preprocessing, read the accepted interrupt group number

erates and branches to the inter- register (IAGR) to determine the interrupt group (group 4, in this case).
rupt start address.

5. Branch to the interrupt service routine.

During the interrupt service rou- 6. At the beginning of the interrupt service routine, clear the IQOIR bit in
tine, prevent the CPU from IQOICL to O.

accepting any other maskable

interrupts by setting the IM[2:0]

and |E bits of the PSW to 0.

To accept the same interrupt 7. After the service routine ends, return to the main program with the RTI
during the interrupt service rou- instruction.

tine, clear IR flag at the begin-

ning of it.

P00 (IRQO) % % 3 Li

EXTMD Low level Falling edge ‘

e — A

Interrupt servicing ; ; Dj Dj

Registers [R/W] EXTI\)ID(W) IQOIéH(B) IQOIE:L(B) IQOI(EL(B)
IQOICL(B)

Sequence ()] 2©) (AB)6)T) @B

Figure 2-5 Timing for External Pin Interrupt Setup (Example)
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2.2.2 Setting Up a Watchdog Timer Interrupt
In this example, a watchdog timer reset occurs. The watchdog timer starts

‘ running after a reset, when the NWDEN flag in the CPU mode register (CPUM)
u is enabled (set to 0). When the watchdog timer overflows, a nonmaskable
The watchdog timer interrupt is interrupt occurs. This means that the watchdog timer must be cleared in the main

provided for detecting and handling program.
racing. Normal operation is not

guaranteed if the program returns

after a watchdog interrupt. For

actions requiring returns, use a

timer interrupt. CORE | | ROM,RAM |
| Interrupts | | Bus Controller |

[P2| | Timers0-5 | | SerialllFs |

ADC

Figure 2-6 Block Diagram of Watchdog Timer Interrupt

m  Enabling watchdog timer interrupts
1. Enable interrupts by writing a 1 to the interrupt enable flag (IE) in the PSW
and setting the interrupt masking level (IM[2:0]) to 7 (b’111’).

If WDM[1:0] = 00, a watchdog 2. Activate the watchdog timer by clearing the NWDEN bit of the CPUM regis-
interrupt occurs when the waich- ter. Set the time limit for the racing detection function in the WDM[1:0]
dog timer counts 216 cycles field
(5.4613 ms at 4-MHz fogc/12- 1eld.
MHz fgyscik)- The WDM set- CPUM (example) Xx'00FCO00’
tings have the following mean- )
ings' Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

00: 216 (5.46 ms) S prompwomy o — | — | — | = | = | — | 93¢|sTop| HauT| osc osc

01: 2*(1.33ps) _

Setting: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

10: 2'2(0.34 ms)
11: 2% (1.37ms)

m  Clearing the watchdog timer
The main program normally 3. Setthe NWDEN bit in CPUM to 1, then immediately reset it to 0. The

clears the watchdog timer prior watchdog timer clears to 0 when NWDEN is 1.
to a watchdog interrupt.
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The main program normally gen-
erates and branches to the inter-
rupt start address.

If the CPU accepts an interrupt, the program branches to address x’080008'.

The oscillator delay timer shares the counter for the watchdog timer. The
oscillator delay timer is activated when the circuit exits the STOP mode, so the
program must clear the WDID flag to O prior to entering the STOP mode. It must
also reclear WDID after returning to NORMAL mode. For further details, see
section 2-6, “Standby Function,” in tiN10200 Series Linear Addressing
Version LS| User Manual.

Overflow !

RST | | | |
WD count

NWDEN (CPUM) //
WDID (WDICR) § § § T
Interrupt servicing Clear |:|
Registers [R/W] CPUM (W) CPUM (W) CPUM (W) |
Sequence 1) @) (3) 2

Figure 2-7 Timing for Watchdog Timer Interrupt Setup (Example)
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2.3 Interrupt Control Registers

A control register is assigned to each interrupt vector group. Except for the class
0 registers (WDICR, PIICR, and EIICR), the control registers allow you to
enable and set the priority level for interrupt groups.

Below is the general format of the registers in class 0 and classes 1 to 11.

Class 0 (X):
WD (watchdog overflow interrupts)
PI (undefined instruction interrupts)
El (interrupt error interrupts)

XICR (System Interrupt)

Bit: 7 6 5 4 3 2 1 0

— — — — D

ID: Interrupt detect flag
0: Interrupt undetected
1: Interrupt detected

Classes 1-11 (X):
IQ (external interrupts)
TM (timer interrupts)
SC (serial interrupts)
12C (12C interrupts)
OSD (OSD interrupts)
AN (A/D conversion end interrupts)
RMC (remote signal receive interrupts)
VBI (VBI interrupts)
ADM (address match interrupts)

XnICH (System Interrupt)

Bit: 7 6 5 4 3 2 1 0

— v2 | w1 | o — — — IE

LV[2:0]: Interrupt priority level
Sets the priority from 0 to 6 (000 = 0, 001 =1, etc.). When LV =7, inter-
rupts are not serviced.

Note that some registers do not contain the LV field. In this case, these bits
always read 0.

IE: Interrupt enable flag
0: Disable
1: Enable
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Bit:

XnICL (System Interrupt)

7 6 5 4 3 2 1 0

— — — IR — — — ID

IR: Interrupt request flag
0: No interrupt requested
1: Interrupt requested

ID: Interrupt detect flag
0: Interrupt undetected
1: Interrupt detected

The following is an example program setting an interrupt group’s priority level
(LV field) and enabling the interrupt group (IE) in the interrupt control register
(XnICH). Note that interrupts must be disabled during this routine.

Example 2-1 Setting the Interrupt Priority Level

and Oxf7ff,psw ;Clear the IE bit of the PSW.

nop ; Inserted to ensure that IE clears

nop ; completely, so XnICH is accessible.
mov dO,(XnICH) ;Write to LV/IE

mov (XnICH),d0 ;Synchronize with the store buffer.
or 0x0800,psw  ;Set the IE bit of the PSW.

The program does not need to clear the IE bit of the PSW to disable interrupts
during interrupt servicing, since the interrupt service routine has already cleared
it.

You can replace the NOP instructions in the example above with any instruction
except for those that modify the PSW IE bit or the LV or IE bits of an XnICH
register. Inserting any of these instructions would cause interrupt error to occur.

The example includes two NOP instructions to ensure that the minimum number
of cycles required for a write to IE have passed. However, you can also insert
more than two NOPs.

Table 2-4 provides a list of the interrupt control registers, and a description of the
fields in each register follows.
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Table 2-4 Interrupt Control Registers

Register Address |R/W Description
IAGR x’00FCOE’ R Accepted interrupt group number register
WDICR x'00FC42’ R/W | Watchdog interrupt control register
PIICR x'00FC44’ R/W | Undefined instruction interrupt control register
EIICR x'00FC46’ R Interrupt error interrupt control register
EXTMD X'00FCF8’ R/W | External interrupt mode register
1QOICL x'00FC48’ R/W | External interrupt 0 interrupt control register (low)
IQOICH x'00FC49’ R/W | External interrupt O interrupt control register (high)
1Q1ICL X'00FC4A’ R/W | External interrupt 1 interrupt control register (low)
1Q1ICH x'00FC4B’ R/W | External interrupt 1 interrupt control register (high)
1Q2ICL x'00FC50’ R/W | External interrupt 2 interrupt control register (low)
1Q2ICH x'00FC51’ R/W | External interrupt 2 interrupt control register (high)
1Q3ICL x'00FC52’ R/W | External interrupt 3 interrupt control register (low)
1Q3ICH x'00FC53’ R/W | External interrupt 3 interrupt control register (high)
1Q4ICL x'00FC58’ R/W | External interrupt 4 interrupt control register (low)
1Q4ICH x'00FC59’ R/W | External interrupt 4 interrupt control register (high)
1Q5ICL X'00FC5A’ R/W | External interrupt 5 interrupt control register (low)
IQ5ICH x’00FC5B’ R/W | External interrupt 5 interrupt control register (high)

TM4CBICL x'00FC60’ R/W | Timer 4 compare/capture B interrupt control register (low)
TM4CBICH x'00FC61’ R/W | Timer 4 compare/capture B interrupt control register (high)
TM4CAICL x'00FC62’ R/W | Timer 4 compare/capture A interrupt control register (low)
TM4CAICH x'00FC63’ R/W | Timer 4 compare/capture A interrupt control register (high)
TM4UDICL x'00FC64’ R/W | Timer 4 underflow interrupt control register (low)
TM4UDICH x'00FC65’ R/W | Timer 4 underflow interrupt control register (high)

VBIICL Xx'00FC66’ R/W | VBI (1) interrupt control register (low)
VBIICH Xx'00FC67’ R/W | VBI (1) interrupt control register (high)

TM5CBICL x’00FC68’ R/W | Timer 5 compare/capture B interrupt control register (low)
TM5CBICH Xx'00FC69’ R/W | Timer 5 compare/capture B interrupt control register (high)
TM5CAICL X'00FC6A’ R/W | Timer 5 compare/capture A interrupt control register (low)
TM5CAICH x'00FC6B’ R/W | Timer 5 compare/capture A interrupt control register (high)
TM5UDICL Xx'00FC6C’ R/W | Timer 5 underflow interrupt control register (low)
TM5UDICH x'00FC6D’ R/W | Timer 5 underflow interrupt control register (high)

VBIWICL Xx'00FC6E’ R/W | VBI (2) interrupt control register (low)
VBIWICH X'00FC6F’ R/W | VBI (2) interrupt control register (high)

TM2UDICL x'00FC70’ R/W | Timer 2 underflow interrupt control register (low)
TM2UDICH x'00FC71’ R/W | Timer 2 underflow interrupt control register (high)

TM1UDICL x'00FC72’ R/W | Timer 1 underflow interrupt control register (low)
TM1UDICH X'00FC73’ R/W | Timer 1 underflow interrupt control register (high)

TMOUDICL x'00FC74’ R/W | Timer 0 underflow interrupt control register (low)
TMOUDICH x'00FC75’ R/W | Timer 0 underflow interrupt control register (high)

RMCICL x'00FC76’ R/W | Remote signal receive interrupt control register (low)
RMCICH x'00FC77’ R/W | Remote signal receive interrupt control register (high)
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Table 2-4 Interrupt Control Registers

Register Address |R/W Description
ADM3ICL x'00FC78’ R/W | Address 3 match interrupt control register (low)
ADMS3ICH x'00FC79’ R/W | Address 3 match interrupt control register (high)
ADM2ICL X'00FC7A’ R/W | Address 2 match interrupt control register (low)
ADM2ICH x'00FC7B’ R/W | Address 2 match interrupt control register (high)
ADM1ICL x'00FC7C’ R/W | Address 1 match interrupt control register (low)
ADML1ICH x'00FC7D’ R/W | Address 1 match interrupt control register (high)
ADMOICL X'00FC7E’ R/W | Address 0 match interrupt control register (low)
ADMOICH X'00FC7F R/W | Address 0 match interrupt control register (high)
ANICL x’00FC80’ R/W | A/D conversion end interrupt control register (low)
ANICH x’00FC81’ R/W | A/D conversion end interrupt control register (high)
SCTOICL x'00FC82’ R/W | Serial 0 transmission end interrupt control register (low)
SCTOICH x'00FC83’ R/W | Serial 0 transmission end interrupt control register (high)
SCROICL x'00FC84’ R/W | Serial 0 reception end interrupt control register (low)
SCROICH x'00FC85’ R/W | Serial 0 reception end interrupt control register (high)
VBIVICL x’00FC88’ R/W | VBIVSYNC (1) interrupt control register (low)
VBIVICH x’00FC89’ R/W | VBIVSYNC (1) interrupt control register (high)

VBIVWICL Xx'00FC8A’ R/W | VBIVSYNC (2) interrupt control register (low)
VBIVWICH x’00FC8B’ R/W | VBIVSYNC (2) interrupt control register (high)

TM3UDICL x'00FC8C’ R/W | Timer 3 underflow interrupt control register (low)
TM3UDICH x'00FC8D’ R/W | Timer 3 underflow interrupt control register (high)

OSDGICL x'00FC90’ R/W | OSD (graphics) interrupt control register (low)
OSDGICH x'00FC91’ R/W | OSD (graphics) interrupt control register (high)
OSDCICL x'00FC92’ R/W | OSD (text) interrupt control register (low)

OSDCICH x'00FC93’ R/W | OSD (text) interrupt control register (high)

SCT1ICL x'00FC98’ R/W | Serial 1 transmission end interrupt control register (low)
SCT1ICH x'00FC99’ R/W | Serial 1 transmission end interrupt control register (high)
SCR1ICL X'00FCOA’ R/W | Serial 1 reception end interrupt control register (low)
SCR1ICH x'00FC9B’ R/W | Serial 1 reception end interrupt control register (high)
12CICL x'00FC9C’ R/W | I2C interrupt control register (low)

12CICH x'00FC9D’ R/W | I2C interrupt control register (high)

Note: The interrupt error interrupt control register does not exist in the hardware,
but if no matching interrupt vector is found for an interrupt that occurs, the
CPU writes a C to IAGR to indicate that it detected an abnormality.
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(

The watchdog timer interrupt is

R
provided for detecting and handling RIW:

racing. Normal operation is not

guaranteed if the program returns

after a watchdog interrupt. For
actions requiring returns, use a
timer interrupt.

Bit:

Reset:
R/W:

Bit:

IAGR: Accepted Interrupt Group Number Register x'00FCOE’

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

— — — — — — — — | GN5 | GN4| GN3| GN2| GN1| GNO — —

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

IAGR returns the group number of an accepted interrupt, indicated in the
6-bit GN field. When the interrupt handler has to calculates the header
address for the interrupt service routine, it merely needs to add the contents
of IAGR to the header address for the table in which are registered the vec-
tor addresses for servicing all interrupts. IAGR is a 16-bit access register.

GN[5:0]: Group Number
Contains the group number multiplied by four.

EXTMD: External Interrupt Mode Register X'00FCF8’

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

IQ5TG|IQ5TG|IQATG|IQ4ATG|IQ3TG|IQ3TG|IQ2TG|1Q2TG|IQ1TG|IQ1TG|IQOTG|IQOTG
1 0 1 0 1 0 1 0 1 0 1 0

Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R RW RW RW RW RW RW RW RW RW RW RW RW
EXTMD sets the trigger conditions for external interrupts. IQnTG[1:0]
sets the interrupt mode on the associated IRQ pin. Each IRQ pin can have
any polarity or edge setting. EXTMD is a 16-bit access register.
00: Active-low interrupt
01: Either-edge-triggered interrupt (positive or negative)
10: Negative-edge-triggered interrupt
11: Positive-edge-triggered interrupt
WDICR: Watchdog Interrupt Control Register x'00FC42’
Bit: 7 6 5 4 3 2 1 0
— — — — — — — WDID
eset: 0 0 0 0 0 0 0 0
R R R R R R R R/W

WDICR is an 8-bit access register.

WDID: Watchdog interrupt detect flag
0: Interrupt undetected
1. Interrupt detected
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PIICR: Undefined Instruction Interrupt Control Register

xX'00FC44’
Bit: 7 6 5 4 3 2 1 0
— — — PIID
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R/W
PIICR is an 8-bit access register.
PIID: Undefined instruction interrupt detect flag
0: Interrupt undetected
1: Interrupt detected
EIICR: Interrupt error Interrupt Control Register x'00FC46’
Bit: 7 6 5 4 3 2 1 0
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R

EIICR does not exist in the hardware, but if the CPU finds no matching
interrupt vector for an interrupt that occurs, it writes a C to IAGR to indi-
cate that it detected an abnormality. EIICR is an 8-bit access register.

IQOICL: External Interrupt O Interrupt Control Register (Low)

X'00FC48’
Bit: 7 6 5 4 3 2 1 0
— IQOIR — 1QOID
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R/W R R R R

IQOICL requests and verifies interrupt requests for external interrupt 0. It
is an 8-bit access register. Use the MOVB instruction to access it.
IQOIR: External interrupt O interrupt request flag
0: No interrupt requested
1: Interrupt requested

IQOID: External interrupt O interrupt detect flag
0: Interrupt undetected
1. Interrupt detected
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IQOICH: External Interrupt O Interrupt Control Register (High) X'00FC49’
Bit: 7 6 5 4 3 2 1 0
— 1QOLV2 | IQOLV1 | IQOLVO — — — IQOIE
Reset: 0 0 o] 0 0 0 0 0
R/W: R R/W R/W R/W R R R R/W
IQOICH sets the priority level for and enables external interrupt 0. It is an
8-bit access register. Use the MOVB instruction to access it.
IQOLV[2:0]: External interrupt O interrupt priority level
Sets the priority from 0 to 6.
IQOIE: External interrupt O interrupt enable flag
0: Disable
1: Enable
IQLICL: External Interrupt 1 Interrupt Control Register (Low) X'00FC4A’
Bit: 7 6 5 4 3 2 1 0
— — — IQ1IR — — — 1Q1ID
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R RIW R R R R
IQLICL requests and verifies interrupt requests for external interrupt 1. It
is an 8-bit access register. Use the MOVB instruction to access it.
IQLIR: External interrupt 1 interrupt request flag
0: No interrupt requested
1. Interrupt requested
IQ1ID: External interrupt 1 interrupt detect flag
0: Interrupt undetected
1: Interrupt detected
IQLICH: External Interrupt 1 Interrupt Control Register (High) X'00FC4B’
Bit: 7 6 5 4 3 2 1 0
_ _ — — — — — IQ1IE
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R/W

IQ1ICH enables external interrupt 1. It is an 8-bit access register. Use the
MOVB instruction to access it.

The priority level for external interrupt 1 is written to the 1QOLV[2:0] field
of the IQOICH register.

IQLIE: External interrupt 1 interrupt enable flag
0: Disable
1. Enable
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IQ2ICL: External Interrupt 2 Interrupt Control Register (Low) X'00FC50’
Bit: 7 6 5 4 1 0
— — — | IQaRrR| — — | IQap
Reset: 0 0 0 0 0 0 0
R/W: R R R R/IW R R R

IQ2ICL requests and verifies interrupt requests for external interrupt 2. It
is an 8-bit access register. Use the MOVB instruction to access it.

IQ2IR: External interrupt 2 interrupt request flag
0: No interrupt requested

1:

Interrupt requested

1Q2ID: External interrupt 2 interrupt detect flag

0:
1

Interrupt undetected
Interrupt detected

IQ2ICH: External Interrupt 2 Interrupt Control Register (High) X'00FC521’
Bit: 7 6 5 4 2 1 0
— 1Q2LV2 | 1Q2LV1 | 1Q2LV0 — — 1Q2IE
Reset: 0 0 0 0 0 0 0
R/W: R R/W R/W R/W R R R/W

IQ2ICH sets the priority level for and enables external interrupt 2. It is an
8-bit access register. Use the MOVB instruction to access it.

1Q2LV[2:0]: External interrupt 2 interrupt priority level
Sets the priority from 0 to 6.

IQ2IE: External interrupt 2 interrupt enable flag
0: Disable
1. Enable

Bit:

Reset:

IQ3ICL: External Interrupt 3 Interrupt Control Register (Low) X'00FC52’
7 6 5 4 2 1 0
— — — IQ3IR — — 1Q3ID
0 0 0 0 0 0 0
R R R R/IW R R R

R/W:

IQ3ICL requests and verifies interrupt requests for external interrupt 3. It
is an 8-bit access register. Use the MOVB instruction to access it.

IQ3IR: External interrupt 3 interrupt request flag
0: No interrupt requested
Interrupt requested

1:

IQ3ID: External interrupt 3 interrupt detect flag
Interrupt undetected

0:
1

Interrupt detected
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IQ3ICH: External Interrupt 3 Interrupt Control Register (High) X'00FC53’

Bit:

7 6 5 4 3 2 1 0

— — — — IQ3IE

Reset:
R/W:

0 0 0 0 0 0 0 0
R R R R R R R RIW

IQ3ICH enables external interrupt 3. It is an 8-bit access register. Use the
MOVB instruction to access it.

The priority level for external interrupt 3 is written to the 1Q2LV[2:0] field
of the IQ2ICH register.

IQ3IE: External interrupt 3 interrupt enable flag

0: Disable
1: Enable

IQ4ICL: External Interrupt 4 Interrupt Control Register (Low) x'00FC58’

Bit:

7 6 5 4 3 2 1 0

— — — |Qar | — — — | 1QaiD

Reset:
R/W:

0 0 0 0 0 0 0 0
R R R R/IW R R R R

IQ4ICL requests and verifies interrupt requests for external interrupt 4. It
is an 8-bit access register. Use the MOVB instruction to access it.

IQ4IR: External interrupt 4 interrupt request flag

0: No interrupt requested
1: Interrupt requested

1Q4ID: External interrupt 4 interrupt detect flag

Bit:

0: Interrupt undetected
1. Interrupt detected

IQ4ICH: External Interrupt 4 Interrupt Control Register (High) X'00FC59’

7 6 5 4 3 2 1 0

Reset:
R/W:

— |1Q4aLv2 | 1Q4Lvi | 1Qavo | — — — | 04E

0 0 0 0 0 0 0 0
R R/W R/W R/W R R R R/W

IQ4ICH sets the priority level for and enables external interrupt 4. It is an
8-bit access register. Use the MOVB instruction to access it.

1Q4LV[2:0]: External interrupt 4 interrupt priority level
Sets the priority from 0 to 6.

IQ4IE: External interrupt 4 interrupt enable flag
0: Disable
1. Enable
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IQ5ICL: External Interrupt 5 Interrupt Control Register (Low) X'00FC5A’
Bit: 7 6 5 4 3 2 1 0
— — — IQ5IR — — — 1Q5ID
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R RIW R R R R

IQ5ICL requests and verifies interrupt requests for external interrupt 5. It
is an 8-bit access register. Use the MOVB instruction to access it.

IQ5IR: External interrupt 5 interrupt request flag
0: No interrupt requested

1: Interrupt requested

IQ5ID: External interrupt 5 interrupt detect flag
0: Interrupt undetected
1: Interrupt detected

IQ5ICH: External Interrupt 5 Interrupt Control Register (High) X'00FC5B’
Bit: 7 6 5 4 3 2 1 0
— — — — — — — IQ5IE
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R/W

IQ5ICH enables external interrupt 5. It is an 8-bit access register. Use the
MOVB instruction to access it.

The priority level for external interrupt 5 is written to the 1Q4LV[2:0] field
of the 1Q4ICH register.

IQ5IE: External interrupt 5 interrupt enable flag
0: Disable
1. Enable

TMA4CBICL: Timer 4 Compare/Capture B Interrupt Control Register (Low) x’00FC60’

Bit: 7 6 5 4 3 2 1 0
_ _ _ |T™m4cB| _ | T™™4cB
IR ID
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R R/W R R R R

TMACBICL detects and requests timer 4 compare/capture B interrupts. It
is an 8-bit access register. Use the MOVB instruction to access it.

TMA4CBIR: Timer 4 compare/capture B interrupt request flag
0: No interrupt requested
1: Interrupt requested

TMA4CBID: Timer 4 compare/capture B interrupt detect flag
0: Interrupt undetected
1. Interrupt detected
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Bit:

Reset:
R/W:

Bit:

Reset:
R/W:

Bit:

Reset:
R/W:

TMA4CBICH: Timer 4 Compare/Capture B Interrupt Control Register (High)x00FC61’

7 6 5 4 3 2 1 0
_ |T™m4cB|T™M4CB|TM4CB| _ _ |T™4cB
v2 | w1 | Lo IE
0 0 0 0 0 0 0 0
R RW RW RW R R R RIW

TMACBICH sets the priority level for and enables timer 4 compare/capture
B interrupts. It is an 8-bit access register. Use the MOVB instruction to
access it.

TM4CBLV[2:0]: Timer 4 compare/capture B interrupt priority level
Sets the priority from 0 to 6.

TMACBIE: Timer 4 compare/capture B interrupt enable flag
0: Disable
1: Enable

TM4CAICL: Timer 4 Compare/Capture A Interrupt Control Register (Low) x'00FC62’

7 6 5 4 3 2 1 0
_ _ _ TM4CA _ _ _ TM4CA
IR ID
0 0 0 0 0 0 0 0
R R R RIW R R R R

TMA4CAICL detects and requests timer 4 compare/capture interrupts. It is
an 8-bit access register. Use the MOVB instruction to access it.

TMACAIR: Timer 4 compare/capture A interrupt request flag
0: No interrupt requested
1: Interrupt requested

TMACAID: Timer 4 compare/capture A interrupt detect flag
0: Interrupt undetected
1: Interrupt detected

TM4CAICH: Timer 4 Compare/Capture A Interrupt Control Register (High) X 00FC63’

7 6 5 4 3 2 1 0
_ _ _ _ _ _ _ TM4CA
IE
0 0 0 0 0 0 0 0
R R R R R R R R/W

TMA4CAICH enables timer 4 compare/capture interrupts. It is an 8-bit
access register. Use the MOVB instruction to access it.

The priority level for timer 4 compare/capture interrupts is written to the
TMA4CBLV[2:0] field of the TM4CBICH register.

TMA4CAIE: Timer 4 compare/capture A interrupt enable flag
0: Disable
1. Enable
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TM4UDICL: Timer 4 Underflow Interrupt Control Register (Low) X'00FC64’
Bit: 7 6 5 4 3 2 1 0
TM4UD TM4UD
- - - IR - - - D
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R RIW R R R R

TMAUDICL detects and requests timer 4 underflow interrupts. It is an 8-
bit access register. Use the MOVB instruction to access it.

TM4UDIR: Timer 4 underflow interrupt request flag
0: No interrupt requested
1. Interrupt requested

TM4UDID: Timer 4 underflow interrupt detect flag
0: Interrupt undetected
1: Interrupt detected

TM4UDICH: Timer 4 Underflow Interrupt Control Register (High) x'00FC65’
Bit: 7 6 5 4 3 2 1 0
TM4UD
- - - - - - - IE
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R/W

TMA4UDICH enables timer 4 underflow interrupts. It is an 8dsitess regis-
ter. Use the MOVB instruction to access it.

The priority level for timer 4 underflow interrupts is written to the
TMACBLV[2:0] field of the TM4CBICH register.

TMA4UDIE: Timer 4 underflow interrupt enable flag

0: Disable
1: Enable
VBIICL: VBI (1) Interrupt Control Register (Low) X'00FC66’

Bit: 7 6 5 4 3 2 1 0
_ _ _ VBI _ _ _ VBI
IR ID
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R R/W R R R R

VBIICL detects and requests VBI (1) interrupts. It is an 8-bit access register.
Use the MOVB instruction to access it.

VBIIR: VBI (1) interrupt request flag
0: No interrupt requested

1. Interrupt requested

VBIID: VBI (1) interrupt detect flag
0: Interrupt undetected

1. Interrupt detected
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VBIICH: VBI (1) Interrupt Control Register (High) X'00FC67’
Bit: 7 6 5 4 3 2 1 0
_ _ _ _ _ _ _ VBI
IE
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R R R R R R/W

Bit:

Reset:
R/W:

Bit:

Reset:
R/W:

VBIICH enables VBI (1) interrupts. It is an 8-bit access register. Use the
MOVB instruction to access it.

The priority level for VBI (1) interrupts is written to the TM4CBLV[2:0]
field of the TM4CBICH register.

VBIIE: VBI (1) interrupt enable flag
0: Disable
1: Enable

TM5CBICL: Timer 5 Compare/Capture B Interrupt Control Register (Low) x’00FC68’

7 6 5 4 3 2 1 0
TM5CB TM5CB
- - - IR - - - ID
: 0 0 0 0 0 0 0 0
R R R RIW R R R R

TM5CBICL detects and requests timer 5 compare/capture B interrupts. It
is an 8-bit access register. Use the MOVB instruction to access it.

TM5CBIR: Timer 5 compare/capture B interrupt request flag
0: No interrupt requested
1: Interrupt requested

TM5CBID: Timer 5 compare/capture B interrupt detect flag
0: Interrupt undetected
1. Interrupt detected

TM5CBICH: Timer 5 Compare/Capture B Interrupt Control Register (High)x 00FC69’

7 6 5 4 3 2 1 0
_ |T™mscB|TMsCB|TMSCB| _ _ |TmscB
v2 | w1 | Lo IE
0 0 0 0 0 0 0 0
R RW RW RW R R R RIW

TM5CBICH sets the priority level for and enables timer 5 compare/capture
B interrupts. It is an 8-bit access register. Use the MOVB instruction to
access it.

TM5CBLV[2:0]: Timer 5 compare/capture B interrupt priority level
Sets the priority from 0 to 6.

TM5CBIE: Timer 5 compare/capture B interrupt enable flag
0: Disable
1. Enable
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TMS5CAICL: Timer 5 Compare/Capture A Interrupt Control Register (Low) X’ 00FC6A’

Bit: 7 6 5 4 3 2 1 0
o _ _ |T™MsCA| o | TM5CA
IR ID
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R RIW R R R R

TM5CAICL detects and requests timer 5 compare/capture interrupts. It is
an 8-bit access register. Use the MOVB instruction to access it.

TM5CAIR: Timer 5 compare/capture A interrupt request flag
0: No interrupt requested
1: Interrupt requested

TM5CAID: Timer 5 compare/capture A interrupt detect flag
0: Interrupt undetected
1. Interrupt detected

TM5CAICH: Timer 5 Compare/Capture A Interrupt Control Register (High) x'00FC6B’

Bit: 7 6 5 4 3 2 1 0
o _ _ _ o o | TMsCA
IE
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R R R R R RIW

TM5CAICH enables timer 5 compare/capture interrupts. It is an 8-bit
access register. Use the MOVB instruction to access it.

The priority level for timer 5 compare/capture interrupts is written to the
TM5CBLV[2:0] field of the TM5CBICH register.

TM5CAIE: Timer 5 compare/capture A interrupt enable flag

0: Disable
1: Enable
TM5UDICL: Timer 5 Underflow Interrupt Control Register (Low) X'00FC6C’
Bit: 7 6 5 4 3 2 1 0
TM5UD TM5UD
- - - IR - - - D
Reset: 0 0 0 0 0 0 0 0
R/W: R R R RIW R R R R

TM5UDICL detects and requests timer 5 underflow interrupts. It is an 8-
bit access register. Use the MOVB instruction to access it.

TM5UDIR: Timer 5 underflow interrupt request flag
0: No interrupt requested
1. Interrupt requested

TM5UDID: Timer 5 underflow interrupt detect flag
0: Interrupt undetected
1. Interrupt detected
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TM5UDICH: Timer 5 Underflow Interrupt Control Register (High) X'00FC6D’
Bit: 7 6 5 4 3 2 1 0
_ _ _ _ _ _ _ TM5UD
IE
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R R R R R R/W

TM5UDICH enables timer 5 underflow interrupts. It is an 8-bit access reg-
ister. Use the MOVB instruction to access it.

The priority level for timer 5 underflow interrupts is written to the
TM5CBLV[2:0] field of the TM5CBICH register.

TM5UDIE: Timer 5 underflow interrupt enable flag

0: Disable
1. Enable
VBIWICL: VBI (2) Interrupt Control Register (Low) X'00FC6E’

Bit: 7 6 5 4 3 2 1 0
VBIW VBIW
- - - IR - - - ID
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R/W R R R R

VBIWICL detects and requests VBI (2) interrupts. It is an 8-bit access reg-
ister. Use the MOVB instruction to access it.

VBIWIR: VBI (2) interrupt request flag
0: No interrupt requested
1: Interrupt requested

VBIWID: VBI (2) interrupt detect flag
0: Interrupt undetected

1. Interrupt detected

VBIWICH: VBI (2) Interrupt Control Register (High) X'00FC6F’
Bit: 7 6 5 4 3 2 1 0
_ _ _ _ _ _ _ VBIW
IE
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R R R R R R/W

VBIWICH register enables VBI (2) interrupts. It is an 8-bit access register.
Use the MOVB instruction to access it.

The priority level for VBI (2) interrupts is written to the TM5CBLV[2:0]
field of the TM5CBICH register.

VBIWIE: VBI (2) interrupt enable flag
0: Disable
1: Enable
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TM2UDICL: Timer 2 Underflow Interrupt Control Register (Low) X'00FC70’
Bit: 7 6 5 4 3 2 1 0
TM2UD TM2UD
- - - IR - - - D
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R/IW R R R R

TM2UDICL register detects and requests timer 2 underflow interrupts. Itis
an 8-bit access register. Use the MOVB instruction to access it.

TM2UDIR: Timer 2 underflow interrupt request flag
0: No interrupt requested
1: Interrupt requested

TM2UDID: Timer 2 underflow interrupt detect flag
0: Interrupt undetected
1. Interrupt detected

TM2UDICH: Timer 2 Underflow Interrupt Control Register (High) X'00FC7Y’
Bit: 7 6 5 4 3 2 1 0
TM2UD | TM2UD | TM2UD TM2UD
- Lv2 Lv1 Lvo - - - IE
Reset: 0 0 0 0 0 0 0 0
R/W: R R/W R/W R/W R R R R/W

TM2UDICH sets the priority level for and enables timer 2 underflow inter-
rupts. It is an 8-bit access register. Use the MOVB instruction to access it.

TM2UDLV[2:0]: Timer 2 underflow interrupt priority level
Sets the priority from 0 to 6.

TM2UDIE: Timer 2 underflow interrupt enable flag

0: Disable
1: Enable
TM1UDICL: Timer 1 Underflow Interrupt Control Register (Low) X'00FC72’
Bit: 7 6 5 4 3 2 1 0
. _ _ |™™MuD| . | ™™1uD
IR ID
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R/IW R R R R

TM1UDICL detects and requests timer 1 underflow interrupts. It is an 8-
bit access register. Use the MOVB instruction to access it.

TM1UDIR: Timer 1 underflow interrupt request flag
0: No interrupt requested
1: Interrupt requested

TM1UDID: Timer 1 underflow interrupt detect flag
0: Interrupt undetected
1. Interrupt detected
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Bit:

Reset:
R/W:

Bit:

Reset:
R/W:

Bit:

Reset:
R/W:

TM1UDICH: Timer 1 Underflow Interrupt Control Register (High) X'00FC73’
7 6 5 4 3 2 1 0
_ _ _ _ _ _ _ TM1UD
IE
0 0 o] 0 0 0 0 0
R R R R R R R R/W

TM1UDICH enables timer 1 underflow interrupts. It is an 8-bit access reg-
ister. Use the MOVB instruction to access it.

The priority level for timer 1 underflow interrupts is written to the
TM2UDLV[2:0] field of the TM2UDICH register.

TM1UDIE: Timer 1 underflow interrupt enable flag

0: Disable
1. Enable
TMOUDICL: Timer 0 Underflow Interrupt Control Register (Low) X'00FC74’
7 6 5 4 3 2 1 0
TMOUD TMOUD
- - - IR - - - ID
0 0 0 0 0 0 0 0
R R R R/W R R R R

TMOUDICL register detects and requests timer 0 underflow interrupts. Itis
an 8-bit access register. Use the MOVB instruction to access it.

TMOUDIR: Timer 0 underflow interrupt request flag
0: No interrupt requested
1: Interrupt requested

TMOUDID: Timer 0 underflow interrupt detect flag
0: Interrupt undetected
1. Interrupt detected

TMOUDICH: Timer 0 Underflow Interrupt Control Register (High) X'00FC75’
7 6 5 4 3 2 1 0
_ _ _ _ _ _ _ TMOUD
IE
0 0 o] 0 0 0 0 0
R R R R R R R R/W

TMOUDICH enables timer 0 underflow interrupts. It is an 8-bit access reg-
ister. Use the MOVB instruction to access it.

The priority level for timer O underflow is written to the TM2UDLV[2:0]
field of the TM2UDICH register.

TMOUDIE: Timer 0 underflow interrupt enable flag
0: Disable
1: Enable
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RMCICL: Remote Signal Receive Interrupt Control Register (Low) X'00FC76’

Bit: 7 6 5 4 3 2 1 0
o _ _ RMC o o _ RMC

IR ID
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R R/W R R R R

RMCICL detects and requests remote signal receive interrupts. It is an 8-
bit access register. Use the MOVB instruction to access it.

RMCIR: Remote signal receive interrupt request flag
0: No interrupt requested
1. Interrupt requested

RMCID: Remote signal receive interrupt detect flag
0: Interrupt undetected
1: Interrupt detected

RMCICH: Remote Signal Receive Interrupt Control Register (High) X'00FC77

Bit: 7 6 5 4 3 2 1 0
_ _ _ _ _ _ _ RMC

IE
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R/W

RMCICH enables remote signal receive interrupts. It is an &biss regis-
ter. Use the MOVB instruction to access it.

The priority level for remote signal receive interrupts is written to the
TM2UDLV[2:0] field of the TM2UDICH register.

RMCIE: Remote signal receive interrupt enable flag

0: Disable
1: Enable
ADMBSICL: Address 3 Match Interrupt Control Register (Low) X'00FC78’

Bit: 7 6 5 4 3 2 1 0

. _ | ADm™MB | . | ADM3

IR ID

Reset: 0 0 o] 0 0 0 0 0

R/W: R R R R/IW R R R R

ADMBS3ICL detects and requests address match 3 interrupts. It is an 8-bit
access register. Use the MOVB instruction to access it.

ADMBSIR: Address match 3 interrupt request flag
0: No interrupt requested
1: Interrupt requested

ADMBSID: Address match 3 interrupt detect flag
0: Interrupt undetected
1. Interrupt detected
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ADMBICH: Address 3 Match Interrupt Control Register (High) X'00FC79’
Bit: 7 6 5 4 3 2 1 0
ADM3 | ADM3 | ADM3 ADM3
- Lv2 Lv1 Lvo - - - IE
Reset: 0 0 o] 0 0 0 0 0
R/W: R R/W R/W R/IW R R R R/W

ADMBSICH sets the priority level for and enables address match 3 inter-
rupts. It is an 8-bit access register. Use the MOVB instruction to access it.

ADMB3LV[2:0]: Address match 3 interrupt priority level
Sets the priority from 0 to 6.

ADMBSIE: Address match 3 interrupt enable flag

0: Disable
1: Enable
ADM2ICL: Address 2 Match Interrupt Control Register (Low) X'00FC7A’
Bit: 7 6 5 4 3 2 1 0
ADM2 ADM2
- - - IR - - - ID
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R RIW R R R R

ADM2ICL detects and requests address match 2 interrupts. It is an 8-bit
access register. Use the MOVB instruction to access it.

ADM2IR: Address match 2 interrupt request flag
0: No interrupt requested
1. Interrupt requested

ADM2ID: Address match 2 interrupt detect flag
0: Interrupt undetected
1: Interrupt detected

ADM2ICH: Address 2 Match Interrupt Control Register (High) X'00FC7B’
Bit: 7 6 5 4 3 2 1 0
ADM2
- - - - - - - IE
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R/W

ADM2ICH enables address match 2 interrupts. It is an 8-bit access regis-
ter. Use the MOVB instruction to access it.

The priority level for address match 2 interrupts is written to the
ADM3LV[2:0] field of the ADM3ICH register.

ADM2IE: Address match 2 interrupt enable flag
0: Disable
1. Enable
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ADMLICL: Address 1 Match Interrupt Control Register (Low) X'00FC7C’
Bit: 7 6 5 4 3 2 1 0
ADM1 ADM1
- - - IR - - - D
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R RIW R R R R

ADM1ICL detects and requests address match 1 interrupts. It is an 8-bit
access register. Use the MOVB instruction to access it.

ADMLIR: Address match 1 interrupt request flag
0: No interrupt requested
1: Interrupt requested

ADML1ID: Address match 1 interrupt detect flag
0: Interrupt undetected
1: Interrupt detected

ADML1ICH: Address 1 Match Interrupt Control Register (High) X'00FC7D’
Bit: 7 6 5 4 3 2 1 0
ADM1
- - - - - - - IE
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R/W

ADML1ICH enables address match 1 interrupts. It is an 8-bit access register.
Use the MOVB instruction to access it.

The priority level for address match 1 interrupts is written to the
ADM3LV[2:0] field of the ADM3ICH register.

ADMLIE: Address match 1 interrupt enable flag

0: Disable
1: Enable
ADMOICL: Address 0 Match Interrupt Control Register (Low) X'00FC7E’

Bit: 7 6 5 4 3 2 1 0

. _ | ADmoO | . | ADmO

IR ID

Reset: 0 0 o] 0 0 0 0 0

R/W: R R R R/IW R R R R

ADMOICL detects and requests address match O interrupts. It is an 8-bit
access register. Use the MOVB instruction to access it.

ADMOIR: Address match 0 interrupt request flag
0: No interrupt requested
1: Interrupt requested

ADMOID: Address match 0 interrupt detect flag
0: Interrupt undetected
1. Interrupt detected
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ADMOICH: Address 0 Match Interrupt Control Register (High)

X'00FC7F’
Bit: 7 6 5 4 3 2 1 0
o _ _ _ o o _ ADMO
IE
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R R R R R RIW

ADMOICH enables address match O interrupts. It is an 8-bit access regis-
ter. Use the MOVB instruction to access it.

The priority level for address match O interrupts is written to the
ADM3LV[2:0] field of the ADM3ICH register.

ADMOIE: Address match O interrupt enable flag

0: Disable
1. Enable
ANICL: A/D Conversion End Interrupt Control Register (Low) x'00FC80’
Bit: 7 6 5 4 3 2 1 0
— — — ANIR — — — ANID
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R/W R R R R

ANICL detects and requests A/D conversion end interrupts. It is an 8-bit
access register. Use the MOVB instruction to access it.
ANIR: A/D conversion end interrupt request flag
0: No interrupt requested
1: Interrupt requested

ANID: A/D conversion end interrupt detect flag
0: Interrupt undetected
1. Interrupt detected

ANICH: A/D Conversion End Interrupt Control Register (High)

x'00FC81’
Bit: 7 6 5 4 3 2 1 0
— ANLV2 | ANLV1 |ANLVO — — — ANIE
Reset: 0 0 o] 0 0 0 0 0
R/W: R R/W R/W R/W R R R R/W

ANICH sets the priority level for and enables A/D conversion end inter-
rupts. It is an 8-bit access register. Use the MOVB instruction to access it.

ANLV[2:0]: A/D conversion end interrupt priority level
Sets the priority from 0 to 6.

ANIE: A/D conversion end interrupt enable flag
0: Disable

1. Enable
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SCTOICL: Serial 0 Transmission End Interrupt Control Register (Low) x’00FC82’

Bit: 7 6 5 4 3 2 1 0
o _ _ SCTO o o _ SCTO
IR ID
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R R/W R R R R

SCTOICL detects and requests serial 0 transmission end interrupts. It is an
8-bit access register. Use the MOVB instruction to access it.

SCTOIR: Serial 0 transmission end interrupt request flag
0: No interrupt requested
1: Interrupt requested

SCTOID: Serial 0 transmission end interrupt detect flag
0: Interrupt undetected
1: Interrupt detected

SCTOICH: Serial 0 Transmission End Interrupt Control Register (High) x’'00FC83’

Bit: 7 6 5 4 3 2 1 0
_ _ _ _ _ _ _ SCTO

IE
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R/W

SCTOICH enables serial 0 transmission end interrupts. It is an 8-bit access reg-
ister. Use the MOVB instruction to access it.

The priority level for serial O transmission end interrupts is written to the
ANLV[2:0] field of the ANICH register.

SCTOIE: Serial 0 transmission end interrupt enable flag

0: Disable
1: Enable
SCROICL: Serial 0 Reception End Interrupt Control Register (Low) x'00FC84’
Bit: 7 6 5 4 3 2 1 0
. _ | scro| . | scro
IR ID
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R R/IW R R R R

SCROICL detects and requests serial 0 reception end interrupts. It is an 8-
bit access register. Use the MOVB instruction to access it.

SCTOIR: Serial 0 reception end interrupt request flag
0: No interrupt requested
1. Interrupt requested

SCTOID: Serial 0 reception end interrupt detect flag
0: Interrupt undetected
1. Interrupt detected
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SCROICH: Serial 0 Reception End Interrupt Control Register (High)  x’'00FC85’

Bit: 7 6 5 4 3 2 1 0
o _ _ _ o o _ SCRO

IE

Reset: 0 0 o] 0 0 0 0 0
R/W: R R R R R R R RIW

SCROICH enables serial 0 reception end interrupts. It is an 8-bit access
register. Use the MOVB instruction to access it.

The priority level for serial O reception end interrupts is written to the
ANLV[2:0] field of the ANICH register.

SCROIE: Serial 0 reception end interrupt enable flag

0: Disable
1. Enable
VBIVICL: VBIVSYNC (1) Interrupt Control Register (Low) x'00FC88’
Bit: 7 6 5 4 3 2 1 0
— — — VBIVIR — — — VBIVID
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R/W R R R R

Bit:

Reset
R/W:

VBIVICL detects and requests VBIVSYNC (1) interrupts. It is an 8-bit
access register. Use the MOVB instruction to access it.

VBIVIR: VBIVSYNC (1) interrupt request flag
0: No interrupt requested
1: Interrupt requested

VBIVID: VBIVSYNC (1) interrupt detect flag
0: Interrupt undetected
1. Interrupt detected

VBIVICH: VBIVSYNC (1) Interrupt Control Register (High) x'00FC89’
7 6 5 4 3 2 1 0
| vewv [vBv | vBvV | . | veiv
Lv2 Lv1 LvO IE
: 0 0 o] 0 0 0 0 0
R R/W R/W R/W R R R R/IW

VBIVICH sets the priority level for and enables VBIVSYNC (1) inter-
rupts. It is an 8-bit access register. Use the MOVB instruction to access it.

VBIVLV[2:0]: VBIVSYNC (1) interrupt priority level
Sets the priority from 0 to 6.

VBIVIE: VBIVSYNC (1) interrupt enable flag
0: Disable
1. Enable
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VBIVWICL: VBIVSYNC (2) Interrupt Control Register (Low) X'00FC8A’
Bit: 7 6 5 4 3 2 1 0
B . ~|vBivw | B _|veBivw
IR ID
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R RIW R R R R

VBIVWICL detects and requests VBIVSYNC (2) interrupts. It is an 8-bit
access register. Use the MOVB instruction to access it.

VBIVWIR: VBIVSYNC (2) interrupt request flag
0: No interrupt requested
1: Interrupt requested

VBIVWID: VBIVSYNC (2) interrupt detect flag
0: Interrupt undetected
1: Interrupt detected

VBIVWICH: VBIVSYNC (2) Interrupt Control Register (High) X'00FC8B’
Bit: 7 6 5 4 3 2 1 0
_ _ _ _ _ _ _ VBIVW
IE
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R/W

VBIVWICH enables VBIVSYNC (2) interrupts. It is an 8-bit access register.
Use the MOVB instruction to access it.

The priority level for VBIVSYNC (2) interrupts is written to the
VBIVLV[2:0] field of the VBIVICH register.

VBIVWIE: VBIVSYNC (2) interrupt enable flag

0: Disable
1: Enable
TM3UDICL: Timer 3 Underflow Interrupt Control Register (Low) X'00FC8C’
Bit: 7 6 5 4 3 2 1 0
. _ _ |T™3up| . | ™™3uD
IR ID
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R R/IW R R R R

TM3UDICL detects and requests timer 3 underflow interrupts. It is an 8-
bit access register. Use the MOVB instruction to access it.

TM3UDIR: Timer 3 underflow interrupt request flag
0: No interrupt requested
1. Interrupt requested

TM3UDID: Timer 3 underflow interrupt detect flag
0: Interrupt undetected
1. Interrupt detected

MN102H75K/F75K/85K/F85K LSI User Manual Panasonic Semiconductor Development Company
67

Panasonic



Interrupts
Interrupt Control Registers

TM3UDICH: Timer 3 Underflow Interrupt Control Register (High) X'00FC8D’
Bit: 7 6 5 4 3 2 1 0
_ _ _ _ _ _ _ TM3UD
IE
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R R R R R R/W

TM3UDICH enables timer 3 underflow interrupts. It is an 8-bit access reg-
ister. Use the MOVB instruction to access it.

The priority level for timer 3 underflow interrupts is written to the
VBIVLV[2:0] field of the VBIVICH register.

TM3UDIE: Timer 3 underflow interrupt enable flag

0: Disable
1. Enable
OSDGICL: OSD (Graphics) Interrupt Control Register (Low) x'00FCo0’
Bit: 7 6 5 4 3 2 1 0
OSDG OSDG
- - - IR - - - ID
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R/W R R R R

OSDGICL detects and requests OSD (graphics) interrupts. It is an 8-bit
access register. Use the MOVB instruction to access it.

OSDGIR: OSD (graphics) interrupt request flag
0: No interrupt requested
1: Interrupt requested

OSDGID: OSD (graphics) interrupt detect flag
0: Interrupt undetected
1. Interrupt detected

OSDGICH: OSD (Graphics) Interrupt Control Register (High) X'00FC91’
Bit: 7 6 5 4 3 2 1 0
OSDG | OSDG | OSDG OSDG
- Lv2 Lv1 LvO - - - IE
Reset: 0 0 o] 0 0 0 0 0
R/W: R R/W R/W R/W R R R R/W

OSDGICH sets the priority level for and enables OSD (graphics) inter-
rupts. It is an 8-bit access register. Use the MOVB instruction to access it.

OSDGLV[2:0]: OSD (graphics) interrupt priority level
Sets the priority from 0 to 6.

OSDGIE: OSD (graphics) interrupt enable flag
0: Disable
1. Enable
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OSDCICL: OSD (Text) Interrupt Control Register (Low) x'00FC92’
Bit: 7 6 5 4 3 2 1 0
B . _ |ospc| B | osbc
IR ID
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R RIW R R R R

OSDCICL detects and requests OSD (text) interrupts. It is an 8-bit access
register. Use the MOVB instruction to access it.

OSDCIR: OSD (text) interrupt request flag
0: No interrupt requested
1. Interrupt requested

OSDCID: OSD (text) interrupt detect flag
0: Interrupt undetected
1: Interrupt detected

OSDCICH: OSD (Text) Interrupt Control Register (High) x'00FC93'’
Bit: 7 6 5 4 3 2 1 0
_ _ _ _ _ _ _ OosDC
IE
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R/W

OSDCICH enables timer OSD (text) interrupts. It is an 8-bit access register.
Use the MOVB instruction to access it.

The priority level for OSD (text) interrupts is written to the OSDGLV[2:0]
field of the OSDGICH register.

OSDCIE: OSD (text) interrupt enable flag
0: Disable

1. Enable

SCT1ICL: Serial 1 Transmission End Interrupt Control Register (Low) x’00FC98’

Bit: 7 6 5 4 3 2 1 0
_ _ _ SCT1 _ _ _ SCT1
IR ID
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R R/W R R R R

SCT1ICL detects and requests serial 1 transmission end interrupts. It is an
8-bit access register. Use the MOVB instruction to access it.

SCT1IR: Serial 1 transmission end interrupt request flag
0: No interrupt requested
1: Interrupt requested

SCT1ID: Serial 1 transmission end interrupt detect flag
0: Interrupt undetected
1. Interrupt detected
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SCT1ICH: Serial 1 Transmission End Interrupt Control Register (High) x’'00FC99’

Bit: 7 6 5 4 3 2 1 0
o SCT1 | SCT1 | SCT1 o o _ SCT1

Lv2 Lv1 LvO IE
Reset: 0 0 o] 0 0 0 0 0
R/W: R RW RIW RIW R R R RIW

SCT1ICH sets the priority level for and enables serial 1 transmission end
interrupts. It is an 8-bit access register. Use the MOVB instruction to
access it.

SCT1LV[2:0]: Serial 1 transmission end interrupt priority level
Sets the priority from 0 to 6.

SCT1IE: Serial 1 transmission end interrupt enable flag
0: Disable
1: Enable

SCRI1ICL: Serial 1 Reception End Interrupt Control Register (Low)  x’'00FC9A’

Bit: 7 6 5 4 3 2 1 0
o _ _ |scri| o | scr1
IR ID
Reset: 0 0 0 0 0 0 0 0
R/W: R R R RIW R R R R

SCRI1ICL detects and requests serial 1 reception end interrupts. It is an 8-
bit access register. Use the MOVB instruction to access it.

SCT1IR: Serial 1 reception end interrupt request flag
0: No interrupt requested
1: Interrupt requested

SCT1ID: Serial 1 reception end interrupt detect flag
0: Interrupt undetected
1: Interrupt detected

SCRI1ICH: Serial 1 Reception End Interrupt Control Register (High) x’'00FC9B’

Bit: 7 6 5 4 3 2 1 0
_ _ _ _ _ _ _ SCR1

IE
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R R R R R R/W

SCRL1ICH enables serial 1 reception end interrupts. It is an 8-bit access
register. Use the MOVB instruction to access it.

The priority level for serial 1 reception end interrupts is written to the
SCT1LV[2:0] field of the SCT1ICH register.

SCRI1IE: Serial 1 reception end interrupt enable flag
0: Disable
1. Enable
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I2CICL: I2C Interrupt Control Register (Low) X'00FC9C’
Bit: 7 6 5 4 3 2 1 0
12C 12C
- - - IR - - - D
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R RIW R R R R

I2CICL detects and reques’?ﬁl interrupts. It is an 8-bit access register.
Use the MOVB instruction to access it.

I2CIR: I2C interrupt request flag
0: No interrupt requested

1. Interrupt requested

I2CID: I2C interrupt detect flag
0: Interrupt undetected
1: Interrupt detected

I2CICH: 12C Interrupt Control Register (High) X'00FCOD’
Bit: 7 6 5 4 3 2 1 0
_ _ _ _ _ _ _ 12C
IE
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R/W

I2CICH enables3C interrupts. It is an 8-bit access register. Use the
MOVB instruction to access it.

The priority level for fc interrupts is written to the SCT1LV[2:0] field of
the SCT1ICH register.
I2CIE: I12C interrupt enable flag
0: Disable
1: Enable
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3 Low-Power Modes

(

You cannot enter STOP mode
from NORMAL mode.

The MN102H75K/85K provides two ways to reduce power consumption, con-
trolling CPU operating and standby modes to cut overall consumption and
shutting down unused functions by stopping the system clock supplied to them.

3.1 CPU Modes

3.1.1 Description

The MN102H75K/85K has two CPU operating modes, NORMAL and SLOW,
and two CPU standby modes, HALT and STOP. Effective use of these modes can
significantly reduce power consumption. Figure 3-1 shows the CPU states in the
different modes.

Program
(Write to CPUM
register)
e <
i Clockto CPU: 24 MHz NORMAL Mode
i Systemclock:122MHz : | [ T c | """ ktCPU24MH """""
i CPUstopped, PLLon  } ock to : 2
pp Interrupt > System clock: 12 MHz
CPU and PLL on
A
3
Program
(Write to CPUM register) STOP Mode
State Clock to CPU: off
HALT Mode Clock to CPU: 24 MHz System clock: off
. Program and PLL off
.................................................. System clock: 12 MHz 9 .
CPU and PLL on (Write to CPUM register)
Program
(Write to CPUM register)
Program y Program
(Write to CPUM Ve (Write to CPUM
.............................. register) register)
it >
1 Clock to CPU: 4 MHz SLOW Mode
i osystemclocki 2MHz i | [ e U
! CPUand PLL off H Interrupt Clock to CPU: 4 MHz Interrupt
> System clock: 2 MHz
CPU on, PLL on
~—

Figure 3-1 CPU State Changes

The CPU mode control register (CPUM) controls transitions between NORMAL
and SLOW modes and from NORMAL and SLOW modes to the standby modes.
A normal reset or an interrupt wakes the MCU from a standby mode.

Note that you cannot invoke the STOP mode from NORMAL mode. You can
only enter STOP from the SLOW mode.
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3.1.2 Exiting from SLOW Mode to NORMAL Mode
The MN102H75K/85K contains a PLL circuit that, in NORMAL mode, mul-
‘ tiplies the clock input through the OSC1 and OSC2 pins by 12, divides the signal
u by 2, then sends the resulting clock to the CPU. (See figure 3-2.) The MCU starts
The MN102H75K/85K recovers in SLOW mode on power up and on recovery from a reset. In SLOW mode
from power up and reset in (system clock = 2 MHz), the clock from the OSC pins feeds directly to the CPU,
SLOW mode. For normal opera- without going through the PLL circuit. This means that the program must switch

tion, the program must switch
the MCU from SLOW to NOR-
MAL mode.

the CPU from SLOW to NORMAL mode (system clock = 12 MHz).

Clock select

24 MH i
12x PLL Divide-by-2 ‘ B (CPUM register)
“‘ T&* circuit {28 MHz circuit
NORMAL mode M To all function blocks
U CPU —
4 MHz
D SLOW mode X

System clock:

SLOW: 2 MHz
| “4{ NORMAL: 12 MHz
S ° *
Oscillator 4 MHz

Circuit

Figure 3-2 CPU Clock Switch (NORMAL/SLOW Modes)

Below is an example routine for exiting SLOW mode. You should run this
routine immediately after power up.

Example 3-1 Exiting SLOW Mode
MOV x'’FC00’,Al

MOV (A1),DO ;Read CPUM register
AND x'FFFD’,DO ;Invoke IDLE mode
MOV (D0),Al1

MOV (A1),DO ;Read CPUM register
AND x'FFF0’,DO ;Invoke NORMAL mode
MOV (D0),Al

Because the system clock in SLOW mode is 2 MHz, the OSD does not function.
‘ The specifications also differ for the PWM function and functions such as the IR
n remote signal receiver and the H counter that use the PWM waveforms.

The OSD cannot display in
SLOW mode. For information on invoking SLOW mode from NORMAL mode, $4&¢102H

Series LS| User Manual.
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(1

Using OSDX clock (both an LC
blocking oscillator and external
source), OSDXI and OSDXO
must be set to port (P46, P45)
and output 'H’ before invoking
STOP mode.

3.1.3 Notes on Invoking and Exiting STOP and HALT Modes

When invoking STOP and HALT modes...

To reduce power consumption before invoking the STOP or HALT mode, stop
current flow from output pins and stabilize the input level of input pins. For
output pins, either match the output level to the external level or set the pin to
input. For input pins, ensure that the external level is fixed. To further reduce
power consumption, shut down unnecessary functions through the control reg-
isters. (See section 3.2, “Turning Individual Functions On and Off,” on page 75.)
Before entering the STOP mode, set all of the bits shown in table 3-1 to disable
all of these functions. Disable all functions in the NORMAL mode except the
PLL circuit, which you can only shut down once you have entered the SLOW
mode.

To allow the MCU to exit the STOP or HALT mode on reset or interrupt, you
must set the interrupt registers before you invoke the standby mode. To specify a
particular interrupt vector as the signal for waking up, enable that vector in the
interrupt registers. (For more information on controlling interrupts, see “section

2, “Interrupts,” on page 37.)

When exiting STOP and HALT modes...

The MCU exits STOP and HALT modes on reset or interrupt. For information on
exiting on interrupt, see Figure 3-1, “CPU State Changes,” on page 72. When the
MCU exits on reset, it always exits to SLOW mode.
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You cannot set the PLL function
control bit during NORMAL mode.
You must set it from the SLOW

mode.

To turn off the OSD block to save

power:

1. Write a 0 to OSD (OSD1, bit10).
2. Wait for the next VSYNC input.
3. Writea0to OSDPOFF(PCNTO,
bit 7), turning the clock off.

If you turn the clock off before the
VSYNC input, power usage may
not drop or the microcontroller

may halt.

3.2 Turning Individual Functions On and Off

The MN102H75K/85K allows you to turn each peripheral function on or off
through writing to the registers. You can significantly reduce power consumption
by turning off unused functions. Table 3-1 shows the register bits controlling on
and off for each function block. The ADC used for the OSD and CCD functions
is turned off on reset. Write a 1 to the function to enable it, when necessary.

You cannot read from or write to the registers associated with a function that is
disabled. Turning on the function enables register reads and writes.

See the sections on each of these peripheral functions for more information.

Table 3-1 Peripheral Function On/Off Switches

Block Name Description Bit Name Address Operation Reset Value
' ' bi 0: 0SD block off
0SD block control ospporr | PENTO, x00FFS0’ bit 0
7 1:OSD block enabled
! ' bi 0: 0SD function off
0SD 0SD function control 0sD OSD1, x007F06', bit _ 0
10 1: OSD function on
' ' bi 0: OSD register R/W off
0SD register RAW control OSDREG | PCNT2, xX00FF92’, bit 9_ 0
E 0 1: OSD register R/W enabled
' ' bi 0: ADC for CCDL1 off
ADC control for ccD1 | Apcion | PENTO. X00FFS0’, bit 0
5 1: ADC for CCD1 enabled
' ' bi 0: ADC for CCDO off
ADC control for ccD0 | ADcoon | PENTO X00FFS0’, bit 0
ccb 4 1: ADC for CCDO enabled
! ' bi 0:CCDL1 block off
CcCD1 function control | veiioFF | PENTO, X00FF90" bit 0
1 1:CCD1 block enabled
! ' bi 0: CCDO block off
CCDO function control | velooFF | FENTO, X00FF90" bit 0
0 1:CCDO block enabled
! ' bi 0:PLL block enabled
PLL PLL function control pLLpOFF | PENTO. X00FF90’ bit 0
6 1:PLL block off
’ ' bi 0: H counter block enabled
H counter H counter function control | HCNTOFF PCNTO, x00FF90", bit 0
3 1:H counter block off
0: IR remote signal receiver
i ' ' bi block off
IR remote _ IR re_mote S|gpal RMCOFE PCNTO, x’00FF90’, bit _ _ 0
signal receiver | receiver function control 2 1: IR remote signal receiver
block enabled
_ PCNT2, X'00FF92’, bit | 0:1°C block enabled
12c 12C function control 12COFF X ! 2 0
2 1:1°C block off
' ' bi 0: PLL block enabled
PWM PWM function control pwmorr | PCNT2, X00FFOZ:, bit 0
1 1:PLL block off
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3.3 CPU Control Register

CPUM: CPU Mode Control Register x'00FCO0’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NW osc

DEN — — — — — — — — — — D STOP| HALT| OSC1f OSC

Reset: 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W:  R/W R R R R R R R R R R R RW RMW RW R/W

This register controls the invoking of all of the CPU modes.

NWDEN: Watchdog timer reset
0: Enable watchdog timer
1: Disable and clear watchdog timer

Setting the watchdog timer to 1, then setting it to O clears and restarts the
watchdog timer.

OSCID: Oscillator select
System clock monitor
0: Fast
1. Slow

STOP: STOP mode request
CPU operating state control. See table 3-2.

HALT: HALT mode request
CPU operating state control. See table 3-2.

OSC[1:0]: Oscillator control
See table 3-2.

Table 3-2 CPU Mode Bit Settings

Clock | System
STOP | HALT |OSC1 |OSCO | CPU Mode |toCPU | Clock |[PLL |CPU

0 0 0 0 NORMAL 24 MHz | 12MHz | On On

0 0 1 1 SLOW 4 MHz 2 MHz Off On

HALTO (Invoked
0 1 0 0 from NORMAL) 24 MHz | 12MHz | On Off

HALT1 (Invoked
0 1 1 1 from SLOW) 4 MHz 2 MHz Off Off

1 0 X X STOP Off Off Off Off

Note: All unindicated bit settings are reserved.
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4 Timers

4.1 8-Bit Timer Description

The MN102H75K/85K contains four 8-bit timers that can serve as interval
timers, event timer/counters, clock generators (divide-by-2 output of the
underflow), reference clocks for the serial interfaces, or start timers for A/D con-
versions. The clock source can be the internal clock (oscillator frequency divided
by 2) or the external clock (1/4 or less the oscillator frequency input). A timer
interrupt is generated by a timer underflow.

All passages below assume a The 8-bit timers are cascadable into true 16-bit timers. For instance, if you
clock Bosc of 24 MHz. cascade timers 0 and 1, timer 0 sends cascaded output to timer 1. The result is
true 16-bit division, rather than two successive 8-bit divisions.

Cascading Connections

sies [ |00

; Configuration example

16-bit 8-bit 8-bit 8-bit 8-bit 16-bit
| o N o O O O |
Clock output Interval  Sync. UART  Event Event
Heaal timer transfer transfer timer timer

@ clock clock

Figure 4-1 Timer Configuration Examples

TMOUDIR (o LE-bit timer, serial I/F)

TM1UDIR {0 16-bit timer, serial /F)
AID conversion start

T™IA Boscl4
TM2UDIR UDF T™M2 IMB Bosc/256
T™IC
TM3UDIR T™MIO Bosc/512
L] TMIA
T™MOO UDF ™o TMB Bosc/64
T™IO Wils
1 [ TMID [Jvol
TMIO 3 Tmic

TMID

L] T™IA
ek T™IB

T™L e
T™IO

—D‘l_ TMID —DTMlI
TM10

Note: %SC: 24 MHz
Figure 4-2 Block Diagram of 8-Bit Timers
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4.2 8-Bit Timer Features
Table 4-1 8-Bit Timer Functions and Features
Function/Feature Timer 0 Timer 1 Timer 2 Timer 3
Interrupt request flag(s) TMOUDICL register TM1UDICL register TM2UDICL register TM3UDICL register
(TMOUDIR bit) (TM1UDIR bit) (TM2UDIR bit) (TM3UDIR bit)
Interrupt source(s) Timer 0 underflow Timer 1 underflow Timer 2 underflow Timer 3 underflow
Interval timer function — O O O
Event counter function O O — —
Clock source for 16-bit timer O O — —
Timer output function O O — —
(TMOO signal) (TM10 signal)

Serial interface transfer clock O O — —
source
A/D conversion trigger function — O — —
Clock sources 0 Boscl4 Boscl/4 Boscl/4 Bosc/4

1 | Bogc/64 Bosc/64 Bosc/256 Bosc/256

2 | Bosc/512 Cascade connection | Cascade connection | Cascade connection

3 | TMOI signal TM1I signal Bosc/512 Bosc/512
Cascade connection O O

Note: When Bygc= 24 MHz:
Bosd4 = 6 MHz
Bosd64 = 375 kHz

Bosd256 =93.75 kHz

Bosd512 = 48.875 kHz.
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4.3 8-Bit Timer Block Diagrams

1 Data bus 1

8 @ 8
(FE10)
Timer 0 base register
TMOBR
Load Reload
8
‘ | (FE20) (FE00)
FRE 4 . .
§ 'g S z Timer 0 binary counter » Timer 0
o5 219 TMOBC Underflow underflow
TMOMD /T\Count ’ interrupt
7
» 1/2 TMOO pin
y Reset g il P
Bosc/4 —»| O T
Bosc/64 1 P2MD7,P2DIR7 setting
Bosc/412 —»| 2
TMOI pin —»| 3
Multiplexer
Figure 4-3 Timer 0 Block Diagram
Data bus 1
8 8
(FE11)
Timer 1 base register
TM1BR
Load _ Reload
’ | (FE21) 8 (FEO1)
g g g g Timer 1 binary counter
o 5 .(Q @ TM1BC " » Timer 1
TVIND — ACount ’ Underflow underflow
interrupt
TJ
A

v
> 1/2] > TM10pi
A Reset | T P

P4MD1,P4DIR1 setting

Bosc/4 —* 0
Bosc/64 —™| 1
Cascade from timer 0 —| 2

TM1I pin —*| 3

Multiplexer

Figure 4-4 Timer 1 Block Diagram
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1 Data bus 1
8

°
(FE12)

Timer 2 base register

TM2BR
Load | Reload
’ | (FE22) 8 (FEO2)
212 122 Timer 2 binary counter
N 1 N 1 NN )
2.5, (218 TM2BC » Timer 2
— Underflow underflow

TM2MD [ Count
interrupt

Bosc/4 —»| 0
Bosc/256 —»| 1
Cascade from timer 1 —® 2

Bosc/512 —» 3

Multiplexer

Figure 4-5 Timer 2 Block Diagram

Data bus 1

8 8
(FE13)

Timer 3 base register

TM3BR
Load » le_Reload
’ | (FE23) 8 (FE03)
% g 000 % % Timer 2 binary counter
uj 5 @ @ TM3BC » Timer 3
- Underflow underflow

TM3MD Count
interrupt

Boscl4 —»| 0
Bosc/256 —*| 1
Cascade from timer 2 —® 2

Bosc/512 —» 3
Multiplexer

Figure 4-6 Timer 3 Block Diagram
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4.4 8-Bit Timer Timing

BC value

i

Load
value

Time
TMnIO f 1 [ T [ [ T
input
Figure 4-7 Event Timer Input Timing (8-Bit Timers)
BC value
A
Load | -~ NN TR
value
Time
Interrupt /\/4
TMnIO
input 1
o i i i i
output 2
Figure 4-8 Clock Output and Interval Timer Timing (8-Bit Timers)
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4.5 8-Bit Timer Setup Examples

4.5.1 Setting Up an Event Counter Using Timer O
In this example, timer 0 generates an underflow interrupt on the fourth rising
edge of the TMOIO signal.

The event counter continues to operate during STOP mode. In all modes but
STOP, the TMnIO signal input is synchronized g8 In STOP mode, the

timer counts TMnIO signal directly. When an interrupt occurs, the CPU returns
to NORMAL mode after the oscillator stabilization wait. The event counter con-
tinues to count the TMnIO signal during stabilization wait, and at the same time
that the CPU returns to NORMAL mode, the event counter begins counting the
signal resulting from the §sc sampling of the TMnIO signal input.

™I +[P2] | CORE | | ROM,RAM |
| Interrupts |« | Bus Controller |

~ Timers0-3 | | SeriallIFs |

| Timers45 | | ADC |

Figure 4-9 Block Diagram of Event Counter Using Timer 0
1. Set the interrupt enable flag (IE) of the processor status word (PSW) to 1.

2. Disable timer 0 counting in the timer O mode register (TMOMD). This step is
unnecessary immediately after a reset, since TMOMD resets to 0.

TMOMD (example) X'00FE20’

Bit: 7 6 5 4 3 2 1 0

TMO TMO TMO TMO

EN LD S1 SO

Setting: 0 0 0 0 0 0 0 0

3. Cancel all existing interrupt requests and enable timer 0 underflow inter-
G rupts. To do this, set the TM2UDLV[2:0] bits of TM2UDICH (priority level
u 4 in this example), set the TMOUDIE bit to 1, and set the TMOUDIR bit of
TM2UDICH, TMOUDICL, and TMOUDICL to 0. (Note that you set the priority level for timer O interrupts
TMOUDICH are 8-bit access in the timer 2 interrupt control register.) From this point on, an interrupt

registers. Use the MOVB request is generated whenever timer 0 underflows.
instruction to access them.

TM2UDICH (example) X'00FC71’
Bit: 7 6 5 4 3 2 1 0
_ |T™M2UD|TM2UD [TM2UD| . | ™™2uD
Lv2 Lv1 Lvo IE
Setting: 0 1 0 0 0 0 0 0
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(1

Do not change the clock source
once you select it. Selecting the
clock source while you set up
the count operation control will
corrupt the value in the binary
counter.

In the bank and linear address-
ing versions of the MN102
series, it was necessary to set
TMOEN and TMOLD to O
between steps 5 and 6, to
ensure stable operation. This is
unnecessary in the high-speed
linear addressing version.

TMOUDICL (example) X'00FC74’
Bit: 7 6 5 4 3 2 1 0
B . _ |T™™oupD| B ~ | ™o0uD
IR ID
Setting: 0 0 0 0 0 0 0 0
TMOUDICH (example) X'00FC75’
Bit: 7 6 5 4 3 2 1 0
_ _ _ _ _ _ _ TMOUD
IE
Setting: 0 0 0 0 0 0 0 1

4. Set the divide-by ratio for timer 0. Since the timer will count 4 TMOIO

cycles, write x’03’ to the timer 0 base register (TMOBR). (The valid range
for TMOBR is O to 255.)

TMOBR (example)

Bit: 7 6 5 4 3 2 1 0

X'00FE10’

TMO T™O0 T™MO T™O0 T™MO TMO T™MO T™MO
BR7 BR6 BR5 BR4 BR3 BR2 BR1 BRO

Setting: 0 0 0 0 0 0 1 1

5. Set the TMOLD bit of the TMOMD register to 1. This loads the value in the
base register to the binary counter. At the same time, select the clock source
as the TMOIO signal input by writing b’11’ to TMOS[1:0].

TMOMD (example) X'00FE20’
Bit: 7 6 5 4 3 2 1 0
T™O | TMO _ _ o o T™O | TMO
EN LD S1 SO
Setting: 0 1 0 0 0 0 1 1

6. Set TMOLD to 0 and TMOEN to 1. This starts the timer. Counting begins at
the start of the next cycle. When the binary counter reaches 0 and loads the
value x’03’ from the base register, in preparation for the next count, a timer 0
underflow interrupt request is sent to the CPU.

Interrupt enable | ‘

TMOER| w = N

TMOBC | § 00 \ 03! | o02]o01]o00] o3
Timer 0 underflow i | | |
interrupt /
moo ) L LT LTI LT L
Sequence ) ?3) (5) (6)
TMOUDICH(B) (4y TMOMD(B) TMOMD(B)
TMOBR(B)

Figure 4-10 Event Counter Timing (Timer 0)
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4.5.2 Setting Up an Interval Timer Using Timers 1 and 2
In this example, timers 1 and 2 are cascaded to divige/B by 60,000 and
generate an underflow interrupt.

16-bit timer
Bosc 1/4 Timer 1 Timer 2 |—>Timer 2
(24 MHz) L | — underflow
(Divide by 4) (Divide by 60,000) .
(XEA60) interrupt

Figure 4-11 Configuration Example of Interval Timer Using Timers 1 and 2

CORE | | ROM,RAM |
Interrupts | | Bus Controller |
|

Timers0-3 | | SerialllFs |

Timers4-5 | [  ADC |

Figure 4-12 Block Diagram of Interval Timer Using Timers 1 and 2

1. Disable timer 1 and 2 counting in the timer 1 and 2 mode registers
(TM1MD, TM2MD). This step is unnecessary immediately after a reset,
since TM1MD and TM2MD reset to 0.

TM1MD (example) X'00FE21’
Bit: 7 6 5 4 3 2 1 0
™1 | T™M1 _ _ o o ™1 | T™M1
EN LD S1 SO
Setting: 0 0 0 0 0 0 0 0
TM2MD (example) X'00FE22’
Bit: 7 6 5 4 3 2 1 0
™2 | T™M2 _ _ o o ™2 | TM2
EN LD S1 SO
Setting: 0 0 0 0 0 0 0 0

2. Cancel all existing interrupt requests and enable timer 2 underflow inter-
rupts. To do this, set the TM2UDLV[2:0] bits of TM2UDICH (priority level
4 in this example), set the TM2UDIE bit to 1, set the TM2UDIR bit of
TM2UDICL to 0, set the TM1UDIE bit of TM1UDICH to 0O, and set the
TM1UDIR bit of TM1UDICL to 0. (Note that you set the priority level for
both timer 1 and 2 interrupts in the timer 2 interrupt control register.) From
this point on, an interrupt request is generated whenever timer 2 underflows.
Timer 1 underflows are unused.
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TM2UDICH (example) X'00FC71’
Bit: 7 6 5 4 3 2 1 0
_|T™M2UD|TM2UD |[TM2UD| B | ™™2uD
Lv2 Lv1 LvO IE
Setting: 0 1 0 0 0 0 0 1
TM2UDICL (example) X'00FC70’
Bit: 7 6 5 4 3 2 1 0
. _ _ |™™2up| . | ™™2uD
IR ID
Setting: 0 0 0 0 0 0 0 0
TM1UDICH (example) X'00FC73'’
Bit: 7 6 5 4 3 2 1 0
_ _ _ _ _ _ _ TMOUD
IE
Setting: 0 0 0 0 0 0 0 0
TM1UDICL (example) X'00FC72’
Bit: 7 6 5 4 3 2 1 0
_ _ _ TM1UD _ _ _ TM1UD
IR ID
Setting: 0 0 0 0 0 0 0 0

3. Set the divide-by ratio for timer 0. Since the timer will count 60,000 cycles
(X’EABQ’), write x'5F’ to the timer 1 base register (TM1BR) and X'EA to
the timer 2 base register (TM2BR). (The valid range for TMnBR is O to

255.)
TM1BR (example) X'00FE11’
Bit: 7 6 5 4 3 2 1 0

T™M1 ™1 T™1 ™1 T™1 T™M1 T™M1 T™1
BR7 BR6 BR5 BR4 BR3 BR2 BR1 BRO

Setting: 0 1 0 1 1 1 1 1
TM2BR (example) X'00FE12’
Bit: 7 6 5 4 3 2 1 0

T™2 T™2 T™M2 T™2 T™2 T™2 T™2 T™2
BR7 BR6 BRS BR4 BR3 BR2 BR1 BRO

Setting: 1 1 1 0 1 0 1 0
4. Setthe TM1LD bit of the TM1MD register and theTM2LD bit of the
G TM2MD register to 1. This loads the value in the base register to the binary
. counter. At the same time, select the clock source as the BOSC/4 for timer 1
Do not change the clock source and cascade to timer 1 for timer 2. (Write to TMnS[1:0]).
once you select it. Selecting the
clock source while you set up TM1MD (example) x’'00FE21’

the count operation control will

Bit: 7 6 5 4 3 2 1 0
corrupt the value in the binary
™1 ™1 T™1 ™1
counter. EN LD - - - - s1 S0
Setting: 0 1 0 0 0 0 0 0
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In the bank and linear address-
ing versions of the MN102
series, it was necessary to set
TMOEN and TMOLD to O
between steps 4 and 5, to
ensure stable operation. This is
unnecessary in the high-speed
linear addressing version.

Access TM2MD and TM1MD
with a 16-bit write, using the
MOV instruction, or set the two
registers consecutively, begin-
ning with TM2MD.

TM2MD (example) X'00FE22’
Bit: 7 6 5 4 3 2 1 0
™2 | TM2 . . B | TM2 | TM2
EN LD S1 SO
Setting: 0 1 0 0 0 0 1 0

5. Set TM2LD to 0 and TM2EN to 1, then set TM1LD to 0 and TM1EN to 1.
This starts the timers. Counting begins at the start of the next cycle. When
both the timer 1 and 2 binary counters reach 0 and loads the values from the
base registers, in preparation for the next count, a timer 2 underflow inter-
rupt request is sent to the CPU. The timer 1 interrupt is unused.

T S // :

TM2,1BR | 00 \

T™2,1BC ‘ 00 ‘ EASF ‘ EASE ‘ EA5D W
Timer 2 |
underflow [ ; !
interrupt |
Interruptenable | | | \\

Sequence [€)) (é) (3) (“1) (5)

Figure 4-13 Interval Timer Timing (Timers 1 and 2)
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4.6 8-Bit Timer Control Registers

Table 4-2 shows the registers used to control the 8-bit timers. A binary counter
(TMnBC), atime base counter (TMnBR), and a timer mode register (TMnMD) is
associated with each 8-bit timer.

Table 4-2 8-Bit Timer Control Registers
Register Address R/W Description

Timer O TMOBC x'00FEO00Q’ R | Timer O binary counter

TMOBR X'00FE10’ | R/W | Timer O base register

TMOMD X'00FE20’ | R/W | Timer O mode register

Timer 1 TM1BC x'00FEOY’ R | Timer 1 binary counter

TM1BR X'00FE11’' | R/W | Timer 1 base register

TM1MD X'00FE21’ | R/W | Timer 1 mode register

Timer 2 TM2BC x'00FE02’ R | Timer 2 binary counter

TM2BR X'00FE12’' | R/W | Timer 2 base register

TM2MD X'00FE22’ | R/W | Timer 2 mode register

Timer 3 TM3BC x'00FE03’ R | Timer 3 binary counter

TM3BR X'00FE13’' | R/W | Timer 3 base register

TM3MD X'00FE23’ | R/W | Timer 3 mode register

TMOBC-TM3BC: Timer n Binary Counter X'00FEQQ’-x'00FE03’

Bit: 7 6 5 4 3 2 1 0

TMn TMn TMn TMn TMn TMn TMn TMn
BC7 BC6 BC5 BC4 BC3 BC2 BC1 BCO

Reset: 0 0 0 0 0 0 0 0

R/W: R R R R R R R R
TMOBR-TM3BR: Timer n Base Register X'00FE10’'-x'00FE13’

Bit: 7 6 5 4 3 2 1 0

TMn TMn TMn TMn TMn TMn TMn TMn
BR7 BR6 BR5 BR4 BR3 BR2 BR1 BRO

Reset: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

TMOMD-TM3MD: Timer n Mode Register X'00FE20’—x’00FE23’
Bit: 7 6 5 4 3 2 1 0
TMn TMn _ _ _ _ TMn TMn
EN LD S1 SO
Reset: 0 0 0 0 0 0 0 0
R/W: R/W R/W R R R R R/IW R/W

TMnEN: TMnBC count enable
0: Disable/1: Enable

TMnLD: TMnBR value load to TMnBC
0: Donotload value/ 1: Load value
TMnS[1:0]: Timer n clock source select
See table 4-1 on page 78 for clock sources. 00 = clock source 0, 01 = clock
source 1, 10 = clock source 2, and 11 = clock source 3.
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4.7 16-Bit Timer Description

The MN102H75K/85K contains two 16-bit up/down timers, timers 5 and 6.
Associated with each timer are two compare/capture registers that can capture
and compare the up/down counter values, generate PWM signals, and generate
interrupts. The PWM function has a double buffering mode that causes cycle and
transition changes to occur at the beginning of the next clock cycle. This prevents
PWM signal losses and minimizes waveform distortion during timing changes.

Timers 5 and 6 can serve as interval timers, event counters (in clock oscillation
‘ mode), one- or two-phase PWMs, dual capture inputs, dual two-phase encoders,
= one-shot pulse generators, and external count direction controllers. The clock

Underflow interrupts can only source can be the internal clock, the external clock, or the TMOUDIR or
occur during down counting. TM1UDIR signals from the 8-bit timers.

TMnIC

TMOUDIR —=
TM1UDIR —
Bosc/4 — | Up/down counter CLR
2-phase encoding Match
TMnIB —>| 16-bit compare/capture A I TQ TMnOA
Capture
TMnIA—
—=| R
=g Q
; |
— 16-bit compare/capture A TQ TMnOB
L | P P IMatch
Capture
Note: Bpge= 24 MHz
Figure 4-14 Block Diagram of 16-Bit Timers
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4.8 16-Bit Timer Features

Table 4-3 16-Bit Timer Functions and Features

Function/Feature

Timer 4

Timer 5

Interrupt request flag(s)

TMA4UDIR bit of TM4AUDICL
TMA4CAICL bit of TMACAIR
TMA4CBICL bit of TM4CBIR

TM5UDIR bit of TM5UDICL
TM5CAICL bit of TM5CAIR
TM5CBICL bit of TM5CBIR

Interrupt sources

Timer 4 underflow
Timer 4 compare A match
Timer 4 capture A
Timer 4 compare B match
Timer 4 capture B

Timer 5 underflow
Timer 5 compare A match
Timer 5 capture A
Timer 5 compare B match
Timer 5 capture B

Clock sources

Timer 0 underflow

Timer 1 underflow

TMA4IB signal

4x two-phase encoder
(TM4IA and TM4IB signals)
1x two-phase encoder
(TM4IA and TM4IB signals)

Timer 0 underflow

Timer 1 underflow

TM5IB signal

4x two-phase encoder
(TM5IA and TM5IB signals)
1x two-phase encoder
(TM5IA and TM5IB signals)

Count direction

Up/down counter

Up/down counter

Interval timer function

O

O

Event counter function

PWM function

One-shot pulse output

Single-phase capture input

Two-phase capture input

Two-phase encoding (4x)

Two-phase encoding (1x)

External count direction control

o o

[ I G
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4.9 16-Bit Timer Block Diagrams

TM4IC pin
Timer 0 underflow —[ |+ s]
Timer 1 underflow —| & K CLR [ASEL]
" g [ECLR]
TM4IB pin —| B[ En ] s —»
Boscl/4 —| & R
L] TM4IOA pin
t (uo] Match - )
capwre [ TMACA ‘ Q P2MD6,P2DIR6 setting
TMA4CAX e SR
TM4IB pin 5
T L ¥ 1 ..
5 capure_|[_TM4ACB s >l Q TMA4I0B pin
TMA4IA pin o TM4CBX . R
P2MD5,P2DIRS5 setting
— [MD] [LD]
=~ TM4MD =g

Figure 4-15 Timer 4 Block Diagram

TMSIC pin —
Timer 0 underflow —> S
Timer 1 underflow —>| S CLK cLl [ASEL]
TM5IB pin —> % =R D e {ﬁf]m]—’
Bosc/4d —* »
L] TMSIOA pin
t [uD] Match
capure |[__TM5CA e PAMD2,P4DIR2 setting
TM5CAX -
TMS5IB pin ks
P 3 I & f
= Match .
s Capture, TM5CB > T Q| TM5IOB pin
TMS5IA pin O TM5CBX o R
4 P4MD3,P4DIR3 setting
L [MD] 1Lo]

roe—] - TM5MD =g

Figure 4-16 Timer 5 Block Diagram

4.10 16-Bit Timer Timing

BC value

Time

TMnIOA _\ ,_\

TMnOA

Figure 4-17 Single-Phase PWM Output Timing (16-Bit Timers)
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BC value New value written Change reflected in
to CCRB next clock cycle
CA
CB
TMnIOA
TMnOA

Figure 4-18 Single-Phase PWM Output Timing with Data Change (16-Bit Timers)

BC value

TMnOA

TMnOB

Figure 4-19 Two-Phase PWM Output Timing (16-Bit Timers)

BC value

T™AIB —— |

TMnOA

Figure 4-20 One-Shot Pulse Output Timing (16-Bit Timers)
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BC value
A
CA Time
TMnIB
TMnIA
Figure 4-21 External Count Direction Control Timing (16-Bit Timers)
BC value
Time
we [P LT UL
Figure 4-22 Event Timer Input Timing (16-Bit Timers)
BC value
FFFF
Time
TMnIB o ;
TMnIA [ T
T™MncA [ ¥ /0033 (Example) |
tvnce [ /¥ 5A87 (Example) |
Figure 4-23 Single-Phase Capture Input Timing (16-Bit Timers)
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BC value

FFFF

Time

' \
\

TMnIB ______1____;__L___J

[ \
' l

TMnIA f : 1

T™ncA [ 7 0033 (Example) |
Tvnce [ ¥ 5A87 (Example) |

Figure 4-24 Two-Phase Capture Input Timing (16-Bit Timers)

BC value
A

i Time

TMnIA l f l f l l
TMnIB f f f f

Figure 4-25 Two-Phase 4x Encoder Timing (16-Bit Timers)

BC value
o o Tme

™A ] b I
TMnIB

Figure 4-26 Two-Phase 1x Encoder Timing (16-Bit Timers)
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4.11 16-Bit Timer Setup Examples

4.11.1 Setting Up an Event Counter Using Timer 4
In this example, timer 4 counts the TM4IB input sighgh {84 = 6 MHz or less)
and generates an interrupt on the second and fifth cycles.

| CORE | | ROM,RAM |
| Interrupts  |=— | Bus Controller |

TM4IB —r

EH
N

| Timers0-3 | || SerialllFs |
- Timers 4-5 | ADC |
A. Chip Level
Timer 4
(Bosc/4) TM4BC

UV(
TMACA
T Q
TMA4CAX \
TM41B —=

Rq (TM40A)

Controller

-

TMACB

TM4CBX

B. Block Level
Figure 4-27 Block Diagram of Event Counter Using Timer 4

m  To set up timer 4:

1. Set the operating mode in the timer 4 mode register (TM4MD). Disable
‘ timer 4 counting and interrupts. Select up counting. Select TM4IB as the
u clock source.

Use the MOV instruction for this

setup and only use 16-bit write TM4MD (example) X'00FE80’
operations. Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
™4 | TMA | | | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4
) EN | NLD UD1 | UDO | TGE | ONE | MD1 | MDO |ECLR| LP |ASEL| s2 | s1 | so
This step stops the TM4BC

count and clears both TM4BC Seting: 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0

and the S-R flip-flop to 0.
2. Set the divide-by ratio for timer 4. To divide the TM4IB input signal by 5,

write x’0004’ to timer 4 compare/capture register A (TM4CA). (The valid
range for TM4CA is x’0001’ to X'’FFFE’.)
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TMACA (example) X'00FE84’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4
CA15| CA14| CA13 | CA12 | CA11| CA10| CA9 | CA8B | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1 | CAO

Setting: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

3. Set the phase difference for timer 4. For a 2-cycle phase difference, write
x'0001’ to timer 4 compare/capture register B (TM4CB). (The valid range is
-1< TM4CB < the TM4CA value.)

TM4CB (example) x'00FE88’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4
CB15| CB14| CB13| CB12| CB11| CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO

Setting: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

4. Setthe TMANLD bit of the TM4MD register to 1 and the TM4EN bit to O.
This enables TM4BC and the S-R flip-flop. This step ensures stable opera-
tion. If it is omitted, the binary counter may not count the first cycle. Do not
change any other operating modes during this step.

5. Set TMANLD and TM4EN to 1. This starts the timer. Counting begins at the
start of the next cycle.

®  To enable timer 4 capture interrupts:
Cancel all existing interrupt requests. Next, set the interrupt priority level in the
TMACBLV[2:0] bits of the TM4CBICH register (levels 0 to 6), set the TMA4CBIE
bit to 1, set the TM4CBIR bit of TM4CBICL to 0, set the TM4CAIE bit of
TMA4CAICH to 1, and set the TM4CAIR bit of TM4CAICL to 0. From this point
on, an interrupt request is generated whenever a timer 4 capture A or capture B
event occurs.

Timer 4 can operate as an event counter, but timer 4 does not operate in STOP
mode, when Bgcis off. If you use an external clock, it must be synchronized to
Bosc This means that the frequency of the event counter clock must be 1/4 or
less that of the oscillator (6 MHz with a 24-MHz oscillator).

Figure 4-28 shows an example timing chart.

maca [ oo \
TMA4CB ] | | | | | ‘0001 | | | | | | ‘
TMaBC | oooo: | 0001l 0002[ 0003 | 0004l ooool 0001 | ooozl 0003 | 0004 \

AR AR A

Figure 4-28 Event Counter Timing (Timer 4)
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4.11.2 Setting Up a Single-Phase PWM Output Signal Using
Timer 4

In this example, timer 4 is used to dividgdz-by 5 and generate a five-cycle,

single-phase PWM signal. The duty of this signal is 2:3. To accomplish this, the

program must load the divide-by ratio of 5 (actual setting: 4) into compare/

capture register A and a cycle count of 2 (actual setting: 1) into compare/capture

register B.
CORE | | ROM,RAM |
| Interrupts | | BusController |
|PC] | Timers0-3 | | SerialllFs |
TM40A <— | Timers45 | | ADC |
A. Chip Level
Timer 4
Bosc/4 TM4BC

—
; K=Y N
£ * R o TM40A
@]
o [,
T
:

B. Block Level
Figure 4-29 Block Diagram of Single-Phase PWM Output Using Timer 4

m  To set up the output port:
Set the P2MD[13:12] bits of the port 2 output mode register (P2MD) to b’01’
(selecting the TM4IOA pin) and set the P2DIRG6 bit of the port 2 I/O control
register (P2DIR) to 1 (selecting output direction). This step selects the TM40A
pin (P26) as the timer output port.

P2MD (example) X'00FFF4’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

P2 P2 P2 P2 P2 P2 P2 P2 P2 P2 P2 P2 P2 P2 P2
MD14 | MD13|MD12 | MD11 | MD10| MD9 | MD8 | MD7 | MD6 | MD5 | MD4 | MD3 | MD2 | MD1 | MDO

Setting: 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
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P2DIR (example) X'00FFE2’

Bit: 7 6 5 4 3 2 1 0

P2 P2 P2 P2 P2 P2 P2 P2
DIR7 DIR6 DIRS DIR4 DIR3 DIR2 DIR1 DIRO

Setting: 0 1 0 0 0 0 0 0

m  To set up timer 4:

1. Set the operating mode in the timer 4 mode register (TM4MD). Disable

‘ timer 4 counting and interrupts. Select up counting. Selggt/8 as the
= clock source. Select the double-buffer operating mode.

Use the MOV instruction for this

setup and only use 16-bit write TM4MD (example) x'00FES80’
operations. Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T™4 | TM4 | | | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4
) EN | NLD UD1 | UDO | TGE | ONE | MD1 | MDO |ECLR| LP |ASEL| s2 | s1 | SO
This step stops the TM4BC

count and clears both TM4BC Seting: 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 1

and the S-R flip-flop to 0.
2. Set the divide-by ratio for timer 4. To dividgy§J4 by 5, write x’0004’ to

timer 4 compare/capture register A (TM4CA). (The valid range for TM4CA
is x’0001' to X'FFFE".)

TMACA (example) X'00FE84’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4
CA15| CA14| CA13 | CA12 | CA11| CA10| CA9 | CA8B | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1 | CAO

Setting: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

3. Set the timer 4 duty cycle. For a 2/5&/4 duty cycle, write xX’0001’ to
timer 4 compare/capture register B (TM4CB). (The valid rangeds -1
TMACB < the TM4CA value.)

TM4CB (example) X'00FE88’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4
CB15| CB14| CB13| CB12| CB11| CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO

Setting: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

4. Write a dummy data word (of any value) to TM4CAX. In double-buffer
mode, TM4CA is compared to TM4CAX. The contents of TM4CA are
loaded to TM4CAX when TM4BC = TM4CAX. However, since TM4CAX
is undefined or x’0000’ before this operation starts, this initial dummy write
prevents timing errors.

5. Write a dummy data word (of any value) to TM4CBX. In double-buffer
mode, TM4CB is compared to TM4CBX. The contents of TM4CB are
loaded to TM4CBX when TM4BC = TM4CBX. However, since TM4CBX
is undefined or x’0000’ before this operation starts, this initial dummy write
prevents timing errors.

MN102H75K/F75K/85K/F85K LSI User Manual Panasonic Semiconductor Development Company
97

Panasonic



Timers
16-Bit Timer Setup Examples

6. Setthe TM4NLD bit of the TM4MD register to 1 and the TM4EN bit to 0.
This enables TM4BC and the S-R flip-flop. This step ensures stable opera-
tion. If it is omitted, the binary counter may not count the first cycle. Do not
change any other operating modes during this step.

7. Set TM4NLD and TM4EN to 1. This starts the timer. Counting begins at the
start of the next cycle.

Timer 4 can output a single-phase PWM signal at any duty. You must select up
counting. Timer 4 does not operate in STOP mode, whgy B off. If you use
an external clock, it must be synchronized gxB

In this procedure, you set the cycle (x’'0001’ to X’ FFFE’) in the TMA4CA register
and the duty in the TM4CB register. When the contents of TM4BC match those
of the TM4CB register, the S-R flip-flop resets at the beginning of the next cycle.
Please note the following:

m  When -1< TM4CB < TM4CA, TM40A output is low during the 0 to
TMA4CB + 1 cycles of the TM4CA + 1 cycle period and high during the
remainder of the cycles.

m  When TM4CA< TM4CB < xX'FFFE, TM40A output is always low.
m  When TM4BC = xX’FFFF’, TM40A output is always high.

The circuitry is configured so that there are no waveform errors, even when the
output is always high or always low. Counting begins after the TM4EN bit is set
in the TM4MD register.
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Figure 4-30 below shows the output waveforms for TM40OA. Both A and B
interrupts can occur, but B interrupts can only occur if the TM4CB setting is from
0 to less than TM4CA. This is because when TM4ACBVIACA, TM4BC never
matches TM4CB.

Write to TM4AMD ; U

TM4EN i

e [ool iz e o [z e[ e [ e[ 2]+ ]

Boscl/4

jIuEE i,

(1) TMCB = 4 (All 0s) ‘

st T O S T O O O O N R R O O
e BEEENIIEEENIIEEENE
TM40A

(2) TMCB =2

S4

R4

TM40A

Interrupts oo /:4/ i

(3) TMCB = FFFF (All 1s)

sS4

S S
1

R4

TM40A : : : : : i i i i i i : : : : : :
: \ : : : TA : : : TA : : : A
Interrupts Os on first cycle, since / 1 1 1 1 / 1 1 1 1 /?/

S4 has not gone high yet.

Figure 4-30 Single-Phase PWM Output Timing (Timer 4)
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Two potential types of errors are inherent with PWM output. First, because of the
circuit configuration, direction errors can occur. The output circuit is configured
with T flip-flops, so that even if one transition is missed, the 1s and Os can
reverse direction. Timers 4 and 5 contain an S-R flip-flop to prevent this type of
error. Second, if the duty cycle changes dynamically, which often happens in
PWM output, the PWM waveform may skip a pulse (see the single buffering
section of figure 4-31 below). To prevent these misses, timers 4 and 5 provide a
double-buffer mode. In this mode, no matter what the timing of a TMnCB
change, the duty change does occur until the beginning of the next cycle, and no
signals are lost. Performance is assured even when the output switches from all
1s to all Os (see the double buffering section of figure 4-31 below).

For this reason, you must always use double-buffer mode for PWM waveform
output. Use single-buffer mode only in applications that are unaffected by these
issues.

TN EEEEEEEE
Write to TM4CB ‘ ‘ ‘ ‘ ‘ ‘ ‘ U

meee L[ der b L e ]
mase [0 o]l s e [o]s e o]+ o]z s ]+ o 1]z 7]

(1) Double buffering

L L ===

TM4CB

™vacex | 1 i § 1 i3

s4 BEENIIN

R4 oo H !

TM40A o :
Lo B oA

Interrupts I /‘/ /y’

(2) Single buffering

[

me T A
: L
. [EE
TM40A | ‘A§‘B§

Lost interrupt, causing a PWM output error 1

Figure 4-31 Single-Phase PWM Output Timing with Dynamic Duty Changes
(Timer 4)
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4.11.3 Setting Up a Two-Phase PWM Output Signal Using

Timer 4
In this example, timer 4 is used to divide timer 0 underflow by 5 and generate a
five-cycle, two-phase PWM signal. The phase difference of this signal is 2
cycles. To accomplish this, the program must load the divide-by ratio of 5 (actual
setting: 4) into compare/capture register A and a cycle count of 2 (actual setting:
1) into compare/capture register B.

CORE | | ROM,RAM |
| Interrupts | | Bus Controller |

Timers0-3 | | SerialllFs |
TM40A «—| : _
MR | Timers45 | |  ADC |
A. Chip Level
Timer 4
Timer O TM4BC
underflow

o

;
o R
: v i
:
:

B. Block Level
Figure 4-32 Block Diagram of Two-Phase PWM Output Using Timer 4

®  To set up the output port:
Set the P2MD[13:12] bits of the port 2 output mode register (P2MD) to b’01’
(selecting the TM4IOA pin), set the P2MD[11:10] bits to b’01’ (selecting the
TMA4IOB pin), and set the P2DIR[6:5] bits of the port 2 I/O control register
(P2DIR) to b'11’ (selecting output direction). This step selects the TM40A (P26)
and TM40B (P25) pins as the timer output ports.

P2MD (example) X'00FFF4’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

P2 P2 P2 P2 P2 P2 P2 P2 P2 P2 P2 P2 P2 P2 P2
MD14 | MD13|MD12 | MD11 | MD10| MD9 | MD8 | MD7 | MD6 | MD5 | MD4 | MD3 | MD2 | MD1 | MDO

Setting: 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0
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P2DIR (example) X'00FFE2’

Bit: 7 6 5 4 3 2 1 0

P2 P2 P2 P2 P2 P2 P2 P2
DIR7 DIR6 DIRS DIR4 DIR3 DIR2 DIR1 DIRO

Setting: 0 1 1 0 0 0 0 0

m  To set up timer O:
1. Disable timer 0 counting in the timer O mode register (TMOMD). This step is
unnecessary immediately after a reset, since TMOMD resets to 0.

TMOMD (example) X'00FE20’
Bit: 7 6 5 4 3 2 1 0
T™O | TMO _ _ o o T™O | TMO
EN LD S1 SO
Setting: 0 0 0 0 0 0 — —

2. Set the divide-by ratio for timer 0. To dividgy&J4 by two, write x'01’ to
the timer O base register (TMOBR). (The valid range for TMOBR is O to

255.)
TMOBR (example) X'00FE10’
Bit: 7 6 5 4 3 2 1 0

T™MO TMO T™MO TMO T™O0 T™MO T™MO TMO
BR7 BR6 BR5 BR4 BR3 BR2 BR1 BRO

Setting: 0 0 0 0 0 0 0 1

3. Set the TMOLD bit of the TMOMD register to 1. This loads the value in the
‘ base register to the binary counter. At the same time, select the clock source
u as Bygd4 by writing b’00’ to TMOSJ[1:0].

Do not change the clock source

once you select it. Selecting the TMOMD (example) x'00FE20’

clock source while you set up Bitt 7 6 5 4 3 2 1 0

the count operation control will ™o | Tmo ™o | TMo

corrupt the value in the binary EN LD - - - - s1 S0

counter. Seting: 0 1 0 0 0 0 0 0

In the bank and linear address- 4. Set TMOLD to 0 and TMOEN to 1. This starts the timer. Counting begins at

ing versions of the MN102 the start of the next cycle. When the binary counter reaches 0 and loads the

series, it was necessary to set sma . . . .

TMOEN and TMOLD to 0 value x’'01’ from the base register, in preparation for the next count, a timer 0

between steps 3 and 4, to underflow interrupt request is sent to the CPU.

ensure stable operation. This is

unnecessary in the high-speed

linear addressing version.
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m  To set up timer 4:

1. Set the operating mode in the timer 4 mode register (TM4MD). Disable
‘ timer 4 counting and interrupts. Select up counting. Select timer O under-
u flows as the clock source.

Use the MOV instruction for this

setup and only use 16-hit write TM4MD (example) X'00FE80’
operations. Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T™4 | TM4 | | [ TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4
. EN | NLD UD1 | UDO | TGE | ONE | MD1 | MDO [ECLR| LP |ASEL| S2 | s1 | so
This step stops the TM4BC

count and clears both TM4BC Seng. 0 0 0 0 0 0O 0O 0 0 1 0 1 1 0 0 o0

and the S-R flip-flop to 0.
2. Set the divide-by ratio for timer 4. To divide timer O underflow by 5, write

x’0004’ to timer 4 compare/capture register A (TM4CA). (The valid range
for TM4CA is x'0001’ to X’ FFFE'.)

TMA4CA (example) X'00FE84’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM4 [ TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4
CA15| CA14| CA13 | CA12 | CA11| CA10| CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1 | CAOD

Setting: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

3. Set the phase difference for timer 4. For a phase difference of two timer 0
underflow cycles, write x’'0001’ to timer 4 compare/capture register B
(TM4CB). (The valid range is -& TM4CB < the TM4CA value.)

TM4CB (example) X'00FES88’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4
CB15| CB14| CB13| CB12| CB11| CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO

Setting: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

4. Write a dummy data word (of any value) to TM4CAX. In double-buffer
mode, TM4CA is compared to TM4CAX. The contents of TM4CA are
loaded to TM4CAX when TM4BC = TM4CAX. However, since TM4CAX
is undefined or x’0000’ before this operation starts, this initial dummy write
prevents timing errors.

5. Write a dummy data word (of any value) to TM4CBX. In double-buffer
mode, TM4CB is compared to TM4CBX. The contents of TM4CB are
loaded to TM4CBX when TM4BC = TM4CBX. However, since TM4CBX
is undefined or x’0000’ before this operation starts, this initial dummy write
prevents timing errors.
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6. Setthe TM4NLD bit of the TM4MD register to 1 and the TM4EN bit to 0.
This enables TM4BC and the S-R flip-flop. This step ensures stable opera-
tion. If it is omitted, the binary counter may not count the first cycle. Do not
change any other operating modes during this step.

7. Set TM4NLD and TM4EN to 1. This starts the timer. Counting begins at the
start of the next cycle.

Timer 4 can output a two-phase PWM signal with any phase difference. You must
select up counting. Timer 4 does not operate in STOP mode, whgnBoff. If
you use an external clock, it must be synchronizeghigB

In this procedure, you set the cycle (x’'0001’ to X’ FFFE’) in the TMA4CA register
and the phase difference in the TM4CB register. When the contents of TM4BC
match those of the TM4CB register, T flip-flop B reverses at the beginning of the
next cycle. When the contents of TM4BC match those of the TM4CA register, T
flip-flop A reverses and TM4BC resets at the beginning of the next cycle.

The circuitry is configured so that there are no waveform errors, even when the
output is always high or always low. Counting begins after the TM4EN bit is set
in the TM4MD register.

Figure 4-30 below shows the output waveforms for TM40A and TM40B. Both A
and B interrupts occur when the contents of the binary counter matches those of
the associated compare/capture register. However, B interrupts can only occur if
the TM4CB setting is from 0 to less than TM4CA. This is because when TM4CB
< TM4CA, TM4BC never matches TM4CB.

Write to TM4MD i Lj
TMAEN “J“J : : : : : : : : : : : : : : : :
TMaBC ]ozoz1¥z§3¥4¥oz1¥z¥3¥4§o¥1¥z§3¥4¥o¥1¥2¥3\

. ﬂ

A4

TM40A

TM40B
A

ARARNARARRETARY:

Figure 4-33 Two-Phase PWM Output Timing (Timer 4)
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With PWM output, the duty cycle can change dynamically, which can cause the
PWM waveform to skip a pulse (see the single buffering section of figure 4-34
below). To prevent these misses, timers 4 and 5 provide a double-buffer mode. In
this mode, no matter what the timing of a TMnCB change, the duty change does
not occur until the beginning of the next cycle, and no signals are lost. Per-
formance is assured even when the output switches from all 1s to all Os (see the
double buffering section of figure 4-34 below).

For this reason, you must always use double-buffer mode for PWM waveform
output. Use single-buffer mode only in applications that are unaffected by this
issues.

e b
Write to TMACB u

TM4CB ’ ! ‘ ‘ ‘3‘ ‘ ‘ ‘ ! ‘ ‘ ‘ ‘ ‘1‘ ‘ ‘ ‘ ‘ |
mac [o] ol a2l ol efolal2[o]efola ]2 o alo s ]2 5]

(1) Double buffering ‘

N O N—

TM4CBX ’ ‘ 3 ‘ 1 ‘

TM4CB

B4

A4

TM40A

TM40B

Interrupts

peZARARRAY.

(2) Single buffering NP PWM O'T inte‘rrupt:/error:s

TM4CB ’!“‘3““!““‘1“““
. BRI EENIEEEEE
S EEEEN I EEEN I BSERNE

TM40A

TM40B

A

Interrupts 3 3 3 // ; /{

Lost interrupt, causing a PWM output error

Figure 4-34 Two-Phase PWM Output Timing with Dynamic Duty Changes
(Timer 4)
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4.11.4 Setting Up a Single-Phase Capture Input Using Timer 4

In this example, timer 4 is used to dividg4z/4 by 65,536 and measure how

long the TMA4IA input signal stays high. An interrupt occurs on capture B and the
software calculates the number of cycles by subtracting the contents of TMNnCA
from the contents of TMnCB.

Controller

TM4CB

CORE | | ROM,RAM |
| Interrupts  |[=— | Bus Controller |
| Timers0-3 | || SerialllFs |
TM4IA —H P2 —=| Timers 4-5 [ aAapc |
A. Chip Level
Timer 4
Bosc/4 = TM4BC
U/
TM4IA l T o
Interrupt B *

B. Block Level
Figure 4-35 Block Diagram of Single-Phase Capture Input Using Timer 4

m  To set up timer 4:

1. Set the operating mode in the timer 4 mode register (TM4MD). Disable timer
‘ 4 counting and interrupts. Select up counting. Set the TM4NLP bit to 0 to
= select looped counting from 0 to X FFFF'. Selegidg/4 as the clock source.

Use the MOV instruction for this

setup and only use 16-bit write TM4MD (example) X'00FE80’
operations. Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
™4 | TMA | | | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4
) EN | NLD UD1 | UDO | TGE | ONE | MD1 | MDO |ECLR| LP |ASEL| s2 | s1 | so
This step stops the TM4BC

count and clears both TM4BC Setting: 0 0 0 0 0 0 0 0 1 0 0 0 lor0 0 1 1

and the S-R flip-flop to 0.
2. Setthe TM4NLD bit of the TM4MD register to 1 and the TM4EN bit to 0.

This enables TM4BC and the S-R flip-flop. This step ensures stable opera-
tion. If it is omitted, the binary counter may not count the first cycle. Do not
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When TM4MDI[1:0] = b’10’ (dur-
ing capture), TM4CA and
TMA4CB become read-only regis-
ters. To write to TM4CA or
TMA4CB, you must first set
TM4MDI[1:0] = b’00’.

Ignore the flags when calculat-
ing the signal width, even when
TM3CA is the larger value.

change any other operating modes during this step.

3. Set TM4ANLD and TM4EN to 1. This starts the timer. Counting begins at the
start of the next cycle.

To enable timer 4 capture B interrupts:

Cancel all existing interrupt requests. Next, set the interrupt priority level in the
TM4CBLV[2:0] bits of the TM4CBICH register (levels 0 to 6), set the TM4BIE
bit to 1, and set the TM4BIR bit of TM4ACBICL to 0. From this point on, an
interrupt request is generated whenever a timer 4 capture B event occurs.

To service the interrupts and calculate the signal width:
1. Run the interrupt service routine. The routine must determine the interrupt
group, then clear the interrupt request flag.

2. Calculate the number of cycles the TM4IA signal stays high. Save the con-
tents of TM4CA and TM4CB to the data registers, then subtract the contents
of TM4CA from the contents of TM4CB. Since TM4LP is set to 0, the dif-
ference will be the correct value even if TM4CA is greater than TM4CB.

Timer 4 can input a single-phase capture signal. You must select up counting.
Timer 4 does not operate in STOP mode, whggBs off. If you use an external
clock, it must be synchronized t¢,Ba

TMA4CA captures the count on the rising edge of TM4IA, and TM4CB captures
the count on the falling edge of TM4IA. A timer 4 capture B interrupt occurs
when TM4CB captures the count, and the contents of TM4CA and TM4CB are
read during the interrupt service routine.

In the example timing chart shown in figure 4-36, xX’'000A — x’'0007’ = x’0003’,
or 3 cycles. The calculation is correct even when TM4CA is the larger value. The
flags are ignored, so for instance, x'0003’' — X’ FFFE’ = x’0005'.

TM4EN

TM4BC’00123456789ABCDEF101112

Bosc/4

w0 [

mace [ o

T™AA L o AT=3 |
merupt 1L

Figure 4-36 Single-Phase Capture Input Timing (Timer 4)
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4.11.5 Setting Up a Two-Phase Capture Input Using Timer 4

In this example, timer 4 is used to divide the timer 0 underflow by 65,536 and
measure the number of cycles from the rising edge of the TM4IA input signal to
the rising edge of the TM4IB input signal. An interrupt occurs on capture B and
the software calculates the number of cycles by subtracting the contents of
TMnCA from the contents of TMnCB.

CORE | | ROM,RAM |
| Interrupts  |=— | Bus Controller |

Timers 0-3 | | Serial I/Fs |
TM41A — Timers 4-5 ADC
TM4IB — | | | |
A. Chip Level
Timer 4
Timer O TM4BC
underflow
UV(
TMAIA l TMA4CA T o
5 [ ]
S Interrupt B * R
£ s ?
3
TM4IB TM4CB .

B. Block Level
Figure 4-37 Block Diagram of Two-Phase Capture Input Using Timer 4

m  To set up timer O:
1. Disable timer 0 counting in the timer O mode register (TMOMD). This step is
unnecessary immediately after a reset, since TMOMD resets to 0.

TMOMD (example) X'00FE20’
Bit: 7 6 5 4 3 2 1 0
TMO | TMO _ _ o o T™O | TMO
EN LD S1 SO
Setting: 0 0 0 0 0 0 — —

2. Set the divide-by ratio for timer 0. To dividgy§J4 by two, write x’01’ to
the timer O base register (TMOBR). (The valid range for TMOBR is O to
255.)
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(

Do not change the clock source
once you select it. Selecting the
clock source while you set up
the count operation control will
corrupt the value in the binary
counter.

In the bank and linear address-
ing versions of the MN102
series, it was necessary to set
TMOEN and TMOLD to 0
between steps 3 and 4, to
ensure stable operation. This is
unnecessary in the high-speed
linear addressing version.

(1

Use the MOV instruction for this
setup and only use 16-bit write
operations.

TMOBR (example)

Bit: 7

6

5

4

T™MO
BR7

T™O0
BR6

T™O
BR5

T™O0
BR4

T™MO
BR3

T™MO
BR2

T™MO
BR1

T™O
BRO

Setting: 0

X'00FE10’

3. Set the TMOLD bit of the TMOMD register to 1. This loads the value in the
base register to the binary counter. At the same time, select the clock source
as Bygd4 by writing b’00’ to TMOSJ[1:0].

TMOMD (example)

Bit: 7

6

5

1

0

T™MO
EN

TMO
LD

T™MO
S1

T™MO
SO

Setting: 0

1

0

X’00FE20’

4. Set TMOLD to 0 and TMOEN to 1. This starts the timer. Counting begins at
the start of the next cycle. When the binary counter reaches 0 and loads the
value x’01’ from the base register, in preparation for the next count, a timer 0

underflow interrupt request is sent to the CPU.

m  To set up timer 4:
Set the operating mode in the timer 4 mode register (TM4MD). Disable

timer 4 counting and interrupts. Select up counting. Set the TM4NLP bitto 0
to select looped counting from 0 to X’FFFF’. Select timer 0 underflow as the
clock source.

1.

TM4MD (example)

X’00FES80’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
) T™4 | TM4 TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4
This step stops the TM4BC EN | NLD | — ~ | uD1 | UDO | TGE | ONE | MD1 | MDO [ECLR| LP |ASEL| S2 | S1 | SO
count and clegrs both TM4BC Setting: 0 0 0 0 0 0 0 0 1 1 0 0 1lor0 O 0 0
and the S-R flip-flop to 0.
2. Setthe TM4NLD bit of the TM4MD register to 1 and the TM4EN bit to 0.

When TM4MDI[1:0] = b’11’ (dur-
ing capture), TM4CA and
TMA4CB become read-only regis-
ters. To write to TM4CA or
TMA4CB, you must first set
TM4MDJ[1:0] = b’00'.

This enables TM4BC and the S-R flip-flop. This step ensures stable opera-
tion. If it is omitted, the binary counter may not count the first cycle. Do not

change any other operating modes during this step.

Set TM4NLD and TM4EN to 1. This starts the timer. Counting begins at the
start of the next cycle.

m  To enable timer 4 capture B interrupts:
Cancel all existing interrupt requests. Next, set the interrupt priority level in the
TM4CBLV[2:0] bits of the TM4CBICH register (levels 0 to 6), set the TM4BIE
bit to 1, and set the TM4BIR bit of TM4ACBICL to 0. From this point on, an
interrupt request is generated whenever a timer 4 capture B event occurs.
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Ignore the flags when calculat-
ing the signal width, even when
TM3CA is the larger value.

To service the interrupts and calculate the signal width:
1. Run the interrupt service routine. The routine must determine the interrupt
group, then clear the interrupt request flag.

2. Calculate the number of cycles the TM4IA signal stays high. Save the con-
tents of TM4CA and TM4CB to the data registers, then subtract the contents
of TM4CA from the contents of TM4CB. Since TM4LP is set to 0, the dif-
ference will be the correct value even if TM4CA is greater than TM4CB.

Timer 4 can input a two-phase capture signal. You must select up counting. Timer 4
does not operate in STOP mode, wheygBis off. If you use an external clock, it
must be synchronized to B¢

TMACA captures the count on the rising edge of TM4IA, and TM4CB captures
the count on the rising edge of TM4IB. A timer 4 capture B interrupt occurs
when TM4CB captures the count, and the contents of TM4CA and TM4CB are
read during the interrupt service routine.

In the example timing chart shown in figure 4-38, xX’'000A — x’'0007’ = x'0003’,
or 3 cycles. The calculation is correct even when TM4CA is the larger value. The
flags are ignored, so for instance, x'0003’' — X' FFFE' = x’0005'.

TM4EN

'
_

TM4BC’00123456789ABCDEF101112‘

BOSC/4

TM4CA ’ 0 7 ‘

TM4CB ’ 0 ‘ A ‘
R EEEEEEEE i
A ATER 1T .

TMAIB L A ‘
' A

|nterrupt::::::::::/‘/

Figure 4-38 Two-Phase Capture Input Timing (Timer 4)
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4.11.6 Setting Up a 4x Two-Phase Encoder Input Using Timer 5
In this example, timer 5 inputs a 4x two-phase encoded signal that makes it count
up and down. An interrupt occurs when the counter reaches a preset value.

| CORE | | ROM,RAM |
| Interrupts  |=— | Bus Controller |
| Timers 0-3 | | Serial I/Fs |
¥mg:'§ P42 Timers4-5 | ADC |
A. Chip Level
Timer 5

TM5BC

Upldoy(

Interrupt B
TMS5IA T Q
5 [ ]
o
vk
O
TMS5IB T Q

B. Block Level
Figure 4-39 Block Diagram of 4x Two-Phase Capture Input Using Timer 5

TM5BC contents

0 x'1000" Xx'1FFF'
Interrupt

Figure 4-40 Configuration Example 1 of 4x Two-Phase Capture Input Using
Timer 5

As figure 4-41 shows, you can set different values for A and B interrupts.
(TM5LP must be 0.)

Q y

I \ \ 1
0 x'1000' x'FFOO0' X'FFFF'
A interrupt B interrupt

Figure 4-41 Configuration Example 2 of 4x Two-Phase Capture Input Using
Timer 5
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m  To set up timer 5:

1. Set the operating mode in the timer 5 mode register (TM5MD). Disable timer

‘ 5 counting and interrupts. The up/down count bit is ignored in this instance.

= Set the TM5NLP bit to 1 to select looped counting from O to the value in
Use the MOV instruction for this TM5CA. Select the 4x two-phase encoder as the clock source.
setup and only use 16-bit write
operations. TM5MD (example) X'00FE9Q’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

This step stops the TM5BC TM5 [TM5 | | _ | TM5 [ TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5
count and clears both TM5BC EN NLD UD1 | UDO | TGE | ONE | MD1 | MDO |ECLR| LP |ASEL| S2 S1 SO

and the S-R ﬂip-ﬂop to 0. Setting: 0 0 0 0 0 0 0 0 0 0 0 1 lor0 1 0 0

2. Write the intended looping value for timer 5 to TM5CA (valid settings:
x'0001’ to X’ FFFF’). For TM5BC to count from x’0000’ to xX’'1FFF’, for
instance, write X’1FFF’ to TM5CA.

TM5CA (example) X'00FE94’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5
CAl15 | CA14| CA13 | CA12 | CA11| CAl10| CA9 | CAB | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CALl | CAO

Setting: 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1

3. Write the timer 5 interrupt value (valid settings: x’0000’ to the value in
TM5CA) to TM5CB. Whenever the binary counter reaches the value in
TMS5CB, in either up or down counting, a compare/capture B interrupt
occurs at the beginning of the next cycle.

TM5CB (example) x'00FEQ8’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5
CB15| CB14| CB13| CB12| CB11| CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO

Setting: 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

4. Setthe TM5NLD bit of the TM5MD register to 1 and the TM5EN bit to O.
This enables TM5BC and the S-R flip-flop. This step ensures stable opera-
tion. If it is omitted, the binary counter may not count the first cycle. Do not
change any other operating modes during this step.

5. Set TM5NLD and TM5EN to 1. This starts the timer. Counting begins at the
start of the next cycle.

m  To enable timer 5 capture B interrupts:
Cancel all existing interrupt requests. Next, set the interrupt priority level in the
TM5CBLV[2:0] bits of the TM5CBICH register (levels 0 to 6), set the TM5BIE
bit to 1, and set the TM5BIR bit of TM5CBICL to 0. From this point on, an
interrupt request is generated whenever a timer 5 capture B event occurs.
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B To service the interrupts:
Run the interrupt service routine. The routine must determine the interrupt group,
then clear the interrupt request flag.

Timer 5 can input a two-phase encoder signal. Timer 5 does not operate in STOP
mode, when Bgcis off. If you use an external clock, it must be synchronized to

Bosc

Table 4-4 shows the count direction for the timing diagram in figure 4-42. In
down counting, when the binary counter reaches 0, it loops to the value in
TM5CA. An interrupt B occurs when the contents of TM5BC match those of

TM5CB.
Table 4-4 Count Direction for 4x Two-Phase Encoder Timing Example

Up Counting Down Counting
TM5IA 1 1 ! 0 1 0 ! 1
TMSIB 0 1 1 ! 1 1 0 !

\\

TM5CA ’ ‘ ‘ ‘ ‘ }FFF ‘ ‘ ‘ \” ‘ ‘ ‘
TM5CB ’ 1000 )) ‘
TM5BC ’ 0000 | 1FFF | 1FFE 1F;3D 1FFE | 1FFF | 0000 | 0001/ OFFF | 1000 | 1001 ‘

TMSIA

TM5IB

Interrupt

Figure 4-42 4x Two-Phase Encoder Input Timing (Timer 5)
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4.11.7 Setting Up a 1x Two-Phase Encoder Input Using Timer 5
In this example, timer 5 inputs a 1x two-phase encoded signal that makes it count
up and down. An interrupt occurs when the counter reaches a preset value.

| CORE | | ROM,RAM |
| Interrupts  |=— | Bus Controller |
| Timers 0-3 | | Serial I/Fs |
¥mg:'§ P42 Timers4-5 | ADC |
A. Chip Level
Timer 5

TM5BC

Upldoy(

Interrupt B
TMS5IA T Q
5 [ ]
o
vk
O
TMS5IB T Q

B. Block Level
Figure 4-43 Block Diagram of 1x Two-Phase Capture Input Using Timer 5

TM5BC contents

0 x'1000" Xx'1FFF'
Interrupt

Figure 4-44 Configuration Example 1 of 1x Two-Phase Capture Input Using
Timer 5

As figure 4-45 shows, you can set different values for A and B interrupts.
(TM5LP must be 0.)

Q y

I \ \ 1
0 x'1000' x'FFOO0' X'FFFF'
A interrupt B interrupt

Figure 4-45 Configuration Example 2 of 1x Two-Phase Capture Input Using
Timer 5
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m  To set up timer 5:

1. Set the operating mode in the timer 5 mode register (TM5MD). Disable timer

‘ 5 counting and interrupts. The up/down count bit is ignored in this instance.

= Set the TM5NLP bit to 1 to select looped counting from O to the value in
Use the MOV instruction for this TM5CA. Select the 1x two-phase encoder as the clock source.
setup and only use 16-bit write
operations. TM5MD (example) X'00FE9Q’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

This step stops the TM5BC TM5 [TM5 | | _ | TM5 [ TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5
count and clears both TM5BC EN NLD UD1 | UDO | TGE | ONE | MD1 | MDO |ECLR| LP |ASEL| S2 S1 SO
and the S-R ﬂip-ﬂop to 0. Setting: 0 0 0 0 o] 0 0 0 0 o] 0 1 lor0 1 0 1

2. Write the intended looping value for timer 5 to TM5CA (valid settings:
x'0001’ to X’ FFFF’). For TM5BC to count from x’0000’ to xX’'1FFF’, for
instance, write X’1FFF’ to TM5CA.

TM5CA (example) X'00FE94’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5
CAl15 | CA14| CA13 | CA12 | CA11| CAl10| CA9 | CAB | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CALl | CAO

Setting: 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1

3. Write the timer 5 interrupt value (valid settings: x’0000’ to the value in
TM5CA) to TM5CB. Whenever the binary counter reaches the value in
TMS5CB, in either up or down counting, a compare/capture B interrupt
occurs at the beginning of the next cycle.

TM5CB (example) x'00FEQ8’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5
CB15| CB14| CB13| CB12| CB11| CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO

Setting: 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

4. Setthe TM5NLD bit of the TM5MD register to 1 and the TM5EN bit to O.
This enables TM5BC and the S-R flip-flop. This step ensures stable opera-
tion. If it is omitted, the binary counter may not count the first cycle. Do not
change any other operating modes during this step.

5. Set TM5NLD and TM5EN to 1. This starts the timer. Counting begins at the
start of the next cycle.

®  To enable timer 5 capture B interrupts:
Cancel all existing interrupt requests. Next, set the interrupt priority level in the
TM5CBLV[2:0] bits of the TM5CBICH register (levels 0 to 6), set the TM5BIE
bit to 1, and set the TM5BIR bit of TM5CBICL to 0. From this point on, an
interrupt request is generated whenever a timer 5 capture B event occurs.
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B To service the interrupts:
Run the interrupt service routine. The routine must determine the interrupt group,
then clear the interrupt request flag.

Timer 5 can input a two-phase encoder signal. Timer 5 does not operate in STOP
mode, when Bgcis off. If you use an external clock, it must be synchronized to

Bosc

Table 4-5 shows the count direction for the timing diagram in figure 4-46. In
down counting, when the binary counter reaches 0, it loops to the value in
TM5CA. An interrupt B occurs when the contents of TM5BC match those of
TM5CB.

Table 4-5 Count Direction for 1x Two-Phase Encoder Timing Example

Up Counting Down Counting

TM5IA 1 1
TM5IB 1 1
\\
TM5CA 1FFF \\
; ; ; ; ; ; ; ; \
TM5CB 1000 n
‘ ‘ i ‘ ‘ ‘
TMsBC | 0000 | 1FFF | 1FFE 1FFD 1FFE | 1FFF | 0000 | 0001 //OFFF l 1000 l 1001 ‘

TMSIA;

TM5IB | : : : : : : :
Interrupts : // //

Figure 4-46 1x Two-Phase Encoder Input Timing (Timer 5)
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4.11.8 Setting Up a One-Shot Pulse Output Using Timer 5
In this example, timer 5 outputs a one-shot pulse. The pulse width is two clock

cycles.
| CORE | | ROM,RAM |
| Interrupts | | Bus Controller |
| Timers0-3 | | SerialllFs |
TMEOA =—{Paj—] Timers45 | [ ADC |
A. Chip Level
Timer 5
Bosc/4 TM5BC
Up/doy’
—
| e
TM5IB (‘% * g e TM50A
Crwscs 1|,
T Q

B. Block Level
Figure 4-47 Block Diagram of One-Shot Pulse Output Using Timer 5

m  To set up the output port:
Set the PAMD2 bit of the port 4 output mode register (P4MD) to 1 (selecting the
TMS5IOA pin) and set the PADIR2 bit of the port 4 I/O control register (P4DIR)
to 1 (selecting output direction). This step selects the TM50A pin (P42) as the
timer output port.

PAMD (example) X'00FFF8’

Bit: 7 6 5 4 3 2 1 0

P4 P4 P4 P4 P4 P4 P4 P4
MD7 | MD6 | MD5 | MD4 | MD3 | MD2 | MD1 | MDO

Setting: 0 0 0 0 0 1 0 0
P2DIR (example) X'00FFE4’
Bit: 7 6 5 4 3 2 1 0

P4 P4 P4 P4 P4 P4 P4 P4
DIR7 | DIR6 | DIR5S | DIR4 | DIR3 | DIR2 | DIRL | DIRO

Setting: 0 0 0 0 0 1 0 0
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(

Use the MOV instruction for this
setup and only use 16-bit write
operations.

This step stops the TM5BC
count and clears both TM5BC
and the S-R flip-flop to 0.

m  To set up timer 5:

1. Set the operating mode in the timer 5 mode register (TM5MD). Disable timer
5 counting and interrupts. Select up counting. Selgeid3 as the clock

source.
TM5MD (example) X'00FEQ0’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TM5 | TM5 _ _ TM5 [ TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5
EN | NLD UD1 | UDO | TGE | ONE | MD1 | MDO | ECLR| LP |ASEL| S2 S1 SO0
Setting: 0 0 0 0 0 0 1 1 0 0 0 1 lorO 0 1 1

2. Setthe timer 5 pulse width in TM5CA (valid settings: x’0001’ to X’FFFF’).
Since the pulse width in this example is two cycles of {heds} clock,
write X’0003’ to TM5CA. TM5BC counts from 0 to 3, and TM50A outputs
a high signal while the countis 1, 2, and 3. The timer operates essentially the
same as it does during two-phase PWM output.

TM5CA (example) X'00FE94’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5
CAl15 | CA14| CA13 | CA12 | CA11| CAl10| CA9 | CAB | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CALl | CAO

Seingk 0 0 o0 ©0 ©0 ©0 o0 o0 o0 0 0 0 o o 1 1
3. Write x’0001’ to TM5CB.

TM5CB (example) X'00FE98’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5
CB15| CB14| CB13| CB12| CB11| CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO

Setting: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

4. Setthe TM5NLD bit of the TM5MD register to 1 and the TM5EN bit to O.
This enables TM5BC and the S-R flip-flop. This step ensures stable opera-
tion. If it is omitted, the binary counter may not count the first cycle. Do not
change any other operating modes during this step.

5. On the falling edge of the TM5IB signal, the hardware sets the TM5EN bit
to 1. This means that counting begins at the start of the next cycle after the
TMSIB signal falls. The TM5EN bit serves as the busy flag for the one-shot
pulse.
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Timer 5 can output a one-shot pulse. Timer 5 does not operate in STOP mode,
when Bygcis off. If you use an external clock, it must be synchronizegyig-B

Figure 4-48 shows an example timing diagram for one-shot pulse output. On the
falling edge of TM5IB, the TM5EN flag is set, and counting begins at the start of
the next cycle. Before the count starts, TM5BC is 0, the initial TM50A output
value is 0, and the R5 (reset) and S5 (set) signals are not asserted. After the count
starts, when it changes from 0 to 1, the S5 signal is asserted. This sets the
TMS5O0A signal high, and it outputs the one-shot pulse. When the count reaches 3,
TMB5BC resets, changing from 3 to 0, and the R5 signal is asserted, causing the
TM50A signal to go low. Because the TM50NE bit of the TM5MD register is 1,
and the TM5EN bit is reset, the count stops. The circuit state is now the same as
it was before the TM5IB signal went low. When the TM5IB signal falls again, the
hardware once again sets the TM5EN bit, and the one-shot pulse sequence

repeats.

TM5CA ’ 0003 ‘
TM5CB ’ 0001 ‘
TM5BC ’ | 0000 | | 0001 | 0002 | 0003 oobo | 0001 | 0002 | 0003 | 0000 ‘
e L RT T ISeeinmiE

TM5IB

S5

RS : : : : : : : : :
TM50A 3 3 3 : : : :

Figure 4-48 One-Shot Pulse Output Timing (Timer 5)
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4.11.9 Setting Up an External Count Direction Controller

Using Timer 5
In this example, timer 5 countgy8d4 and the TM5IA pin controls the count
direction (up or down). An interrupt occurs when the counter reaches a preset

value.
| CORE | | ROM,RAM |
| Interrupts  |=— | Bus Controller |
| Timers 0-3 | | Serial I/Fs |
TM5IA — P4 |—={ Timers 4-5 | ADC |
A. Chip Level
Timer 5
Bosc/4 TM5BC
Up/doy(
TM5CA
TM5IA

Controller

Ll

TM5CB | o

R
S
Interrupt B
T

B. Block Level
Figure 4-49 Block Diagram of External Count Direction Control Using Timer 5

TM5BC contents

0 x'1000" x'1FFF'
Interrupt

Figure 4-50 Configuration Example of External Count Direction Control
Using Timer 5
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m  To set up timer 5:

1. Set the operating mode in the timer 5 mode register (TM5MD). Disable timer

‘ 5 counting and interrupts. Set the TM5UD[1:0] bits to b’10’, so that the count
= direction is up when the TM5IA signal is high and down when the TM5IA sig-
Use the MOV instruction for this nal is low. Select Bsd4 as the clock source.
setup and only use 16-bit write
operations. TM5MD (example) X'00FE9Q’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
This step stops the TM5BC TM5 [TM5 | | _ | TM5 [ TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5
count and clears both TM5BC EN NLD UD1 | UDO | TGE | ONE | MD1 | MDO |ECLR| LP |ASEL| S2 S1 SO

and the S-R ﬂip-ﬂop to 0. Setting: 0 0 0 0 1 0 0 0 0 0 0 1 lor0 0 1 1

2. Write the intended looping value for timer 5 to TM5CA (valid settings:
x'0001’ to X’ FFFF’). For TM5BC to count from x’0000’ to xX’'1FFF’, for
instance, write X’1FFF’ to TM5CA.

TM5CA (example) X'00FE94’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5
CAl15 | CA14| CA13 | CA12 | CA11| CAl10| CA9 | CAB | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CALl | CAO

Setting: 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1

3. Write the timer 5 interrupt value (valid settings: x’0000’ to the value in
TM5CA) to TM5CB. Whenever the binary counter reaches the value in
TMS5CB, in either up or down counting, a compare/capture B interrupt
occurs at the beginning of the next cycle.

TM5CB (example) x'00FEQ8’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5
CB15| CB14| CB13| CB12| CB11| CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO

Setting: 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

4. Setthe TM5NLD bit of the TM5MD register to 1 and the TM5EN bit to O.
This enables TM5BC and the S-R flip-flop. This step ensures stable opera-
tion. If it is omitted, the binary counter may not count the first cycle. Do not
change any other operating modes during this step.

5. Set TM5NLD and TM5EN to 1. This starts the timer. Counting begins at the
start of the next cycle.

®  To enable timer 5 capture B interrupts:
Cancel all existing interrupt requests. Next, set the interrupt priority level in the
TM5CBLV[2:0] bits of the TM5CBICH register (levels 0 to 6), set the TM5BIE
bit to 1, and set the TM5BIR bit of TM5CBICL to 0. From this point on, an
interrupt request is generated whenever a timer 5 capture B event occurs.
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B To service the interrupts:
Run the interrupt service routine. The routine must determine the interrupt group,
then clear the interrupt request flag.

Either the TM5IA or TM5IB signal can control the timer 5 count direction. The
count direction is determined at the opposite edge from the count edge (at the
source clock transition occurring in the middle of the count cycle.).

Timer 5 does not operate in STOP mode, whggBs off. If you use an external
clock, it must be synchronized t¢,Ba

Figure 4-51 shows an example timing chart. In this example, an interrupt occurs
when the timer switches from down to up counting.

\\
TM5CA ’ 1FFF \\ ‘
T T T T AL
TM5CB ’ 1000 n ‘
1

TM5BC ’ 0000 | 1FFF | 1FFE | 1FFD | 1FFE | 1FFF | 0000 | 0001 | 0002 //OFFF 1000 l 1001 ‘
TiA i
S e b

Interrupt : : : : : : ! ! ! ! //

Figure 4-51 External Count Direction Control Timing (Timer 5)

Bosc/4
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4.11.10Setting Up External Reset Control Using Timer 5
In this example, timer 5 is reset by an external signal while counting up.

| CORE | | ROM,RAM |
| Interrupts | | Bus Controller |
| Timers0-3 | | SerialllFs |
TM5IC —— | Timers45 | | ADC |
A. Chip Level
Timer 5

Bosc/4 TM5BC

v

TM5CA
o
S R
5 s ©
o
TM5IC TM5CB

-8

B. Block Level
Figure 4-52 Block Diagram of External Reset Control Using Timer 5

m  To set up timer 5:

1. Set the operating mode in the timer 5 mode register (TM5MD). Disable

‘ timer 5 counting and interrupts. Select up counting. Since the TM5IC signal
u will reset the counter asynchronously, set the TM5ECLR bit to 1. Select
Use the MOV instruction to set Bosd4 as the clock source.
this data and only use 16-bit
write operations. TM5MD (example) x'00FEQQ’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
This step stops the TM5BC T™M5 | TM5 | | | TM5 | TM5 [ TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5
count and clears both TM5BC EN | NLD UD1 | UDO | TGE | ONE | MD1 | MDO |ECLR| LP |ASEL| S2 S1 S0
and the S-R flip-flop to 0. Setiing: 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1

2. Set the value to which timer 5 will loop (valid settings: x’'0001’ to X’ FFFF’).
For TM5BC to count from x’0000’ to x'1FFF’, for instance, write X' 1FFF’
to TM5CA.
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TM5CA (example) X'00FE94’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5
CA15| CA14| CA13 | CA12 | CA11| CA10| CA9 | CA8B | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1 | CAO

Setting: 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1

3. Set the TM5NLD bit of the TM5MD register to 1 and the TM5EN bit to 0.
This enables TM5BC and the S-R flip-flop. This step ensures stable opera-
tion. If it is omitted, the binary counter may not count the first cycle.

4. Set TM5NLD and TM5EN to 1. This starts the timer. Counting begins at the
start of the next cycle.

From this point on, whenever the TM5IC signal is high, timer 5 will be reset
asynchronously. This is an easy way to synchronize the microcontroller operation
with an external event. You can use it to adjust motor speed or to initialize the
timers through the hardware.

Timer 5 does not operate in STOP mode, whggBs off. If you use an external
clock, it must be synchronized t¢,Ba

Figure 4-53 shows an example timing chart.

TM5BC ’0000 0001 | 0002 | 0003 OOO4| 0000 0001 | 0002 0003‘

TM5IC 3 3 3 3 \ 3 3 3 \

Figure 4-53 External Reset Control Timing (Timer 5)
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TMnCA and TMnCB are 16-bit
access registers. Use the MOV
instruction to write to them.

4.12 16-Bit Timer Control Registers
Table 4-6 shows the registers used to control the 16-bit timers. A binary counter
(TMnBC), a compare/capture register A (TMnCA), a compare/capture register B

(TMnCB), and a timer mode register (TMnMD) is associated with each 16-bit
timer.

Table 4-6 16-Bit Timer Control Registers

Register Address R/W Description
Timer 4 TM4MD X'00FE80’ | R/W | Timer 4 mode register
TM4BC x'00FE82’ R | Timer 4 binary counter
TM4CA X'00FE84’ | R/W | Timer 4 compare/capture register A
TMA4CAX | xX’O0FE86’ | — | Timer 4 compare/capture register set AX
TM4CB x'00FE88’ | R/W | Timer 4 compare/capture register B
TM4CBX | X'00FE8BA' | — | Timer 4 compare/capture register set BX
Timer 5 TM5MD X'00FE9Q’ | R/W | Timer 5 mode register
TM5BC x'00FE92’ R | Timer 5 binary counter
TM5CA X'00FE94’ | R/W | Timer 5 compare/capture register A
TM5CAX | xX'00FE96’ | — | Timer 5 compare/capture register set AX
TM5CB x'00FE98’ | R/W | Timer 5 compare/capture register B
TM5CBX | X'00FE9A | — | Timer 5 compare/capture register set BX

Note: TMA4CAX, TM4CBX, TM5CAX, and TM5CBX are virtual registers used only
in double-buffer mode during PWM output. They do not exist in the hardware
and are not readable or writable. Depending on the write signal, they load the

value in the associated CA or CB register.

TM4BC/TM5BC: Timer n Binary Counter X'00FE82'/x’00FE92’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMn [ TMn | TMn | TMn [ TMn | TMn | TMn | TMn | TMn | TMn | TMn | TMn | TMn [ TMn | TMn | TMn

BC15| BC14| BC13| BC12| BC11| BC10| BC9 | BC8 | BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
TM4ACA/TM5CA: Timer n Compare/Capture Register A X'00FE84'/x’'00FE94’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMn [ TMn | TMn | TMn | TMn [ TMn | TMn | TMn | TMn [ TMn | TMn | TMn [ TMn | TMn | TMn | TMn

CA15| CA14 | CA13 | CA12| CA11| CA10| CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CAl1 | CAO
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
TM4CB/TM5CB: Timer n Compare/Capture Register B X'00FE88'/x’'00FE98’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMn [ TMn | TMn | TMn [ TMn | TMn | TMn | TMn | TMn | TMn | TMn | TMn | TMn [ TMn | TMn | TMn

CB15| CB14| CB13| CB12| CB11| CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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TM4MD/TM5MD: Timer n Mode Register X'00FE8Q’/x’00FE90’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMn | TMn _ _ TMn [ TMn | TMn | TMn [ TMn | TMn | TMn | TMn | TMn | TMn | TMn | TMn
EN | NLD UD1 | UDO | TGE | ONE | MD1 | MDO |ECLR| LP |ASEL| S2 | S1 | SO
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W. RW R/W R R RW RW RW RW RW RW RW RW RW RW RW RW

TMnEN: TMnBC count
0: Disable
1: Enable

TMnNLD: TMnBC, T flip-flop, and S-R flip-flop operation select
0: Set all to O (initialize)
1: Operate all

TMnUDI[1:0]: Timer n up/down counter mode select
Ignored when two-phase encoding is selected.
00: Up counter
01: Down counter
10: Up when TMnIOA is high; down when low
11: Up when TMnIOB is high; down when low

TMnTGE: External trigger enable for start count
0: Disable

1: Start count at falling edge of TMnIOB

TMnONE: Counter operating mode select
0: Repeat (except with PWM output)
1: One-shot pulse (counter stops on the next clock after TMNnBC = TMnCA)

TMnMD[1:0]: TMnCA and TMnCB operating mode select

00: Compare register (single buffer)

01: Compare register (double buffer)

10: Capture register (TMnIOA high: capture A; TMnIOA low: capture B)

11: Capture register (TMnIOA high: capture A; TMnIOB high: captureB)
TMnECLR: Timer n BC external clear

0: Don't clear

1: Clear TMnBC asynchronously when the TMnIC signal goes high.
TMnLP: Timer n BC loop select

0: 0000-FFFF

1: 0000—value in TMNCA

TMnASEL: TMnIOA output select

0: S-R flip-flop output (single-phase PWM)

1: T flip-flop output (two-phase PWM)
TMnS[2:0]: Timer n clock source select

000: Timer 0 underflow

001: Timer 1 underflow

010: TMnIB signal

011: Bygd4

100: 4x two-phase encoder

101: 1x two-phase encoder

110, 111: Reserved
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5 Serial Interfaces

5.1 Description

The MN102H75K/85K contains two general-purpose serial interfaces with syn-
chronous serial, UART, and@ modes. The maximum baud rate in synchronous
serial mode is 12 Mbps. In UART mode, the maximum baud rate is 375,000 bps,
when Bygc= 24 MHz.

Signal from 8-bit timers

TMOIR TM1IR
Tx end interrupt >
< Transmitter XD SBOO
TXC
— SBTO
< Rx end interrupt Receiver RXC
RXD SBIO
, Txend interrupt Transmitter TXD >SBO1
A TXC
— SBT1
i RXC
{ Rx end interrupt Receiver
RXD SBI1

AAS

Figure 5-1 Serial Interface Configuration Example

5.2 Features

Table 5-1 Serial Interface Functions and Features

Function/Feature Synchronous Serial Mode UART Mode I 2C Mode
Parity None, 0, 1, even, or odd Can be master trans-
Character length 7-bit or 8-bit mitter or receiver. (No

collision detection for

Transfer bit order LSB or MSB first (programmable; 8- LSB first
) start sequence.)
bit only)
Clock source « 1/2 of timer 0 underflow « 1/8 of timer 0 or 1 underflow

« 1/8 of timer 0 or 1 underflow
« External clock

Maximum baud rate 12 Mbps 375,000 bps
(when Bogc = 24 MHz) (when Bogc = 24 MHz)
Error detection * Parity error « Parity error
« Overrun error « Overrun error

« Framing error

Buffers Independent transmit/receive buffers (single transmit buffer, double receive
buffers)
Interrupts Transmission or reception complete interrupts
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5.3 Connecting the Serial Interfaces
Figures 5-2, 5-3, and 5-4 illustrate six different methods of connecting the serial
interface.

5.3.1 Synchronous Serial Mode Connections
Figure 5-2 shows serial port connections for either simplex or full-duplex syn-

chronous serial transfers.

SBO SBO SBO SBO

SBI \ SBI SBI X SBI
SBT

See section 11, “I/O Ports,” for
details on setting up the SBT
port.

SBT SBT

SBT

Transmit/receive

Transmit/receive

Transmit
Receive

A. Simplex Connection B. Full-Duplex Connection

Figure 5-2 Synchronous Serial Mode Connections

5.3.2 UART Mode Connections
Figure 5-3 shows serial port connections for either simplex or full-duplex UART

transfers.
SBO SBO SBO SBO
SBI \ SBI SBI X sBI

A. Simplex Connection B. Full-Duplex Connection

Transmit/receive
Transmit/receive

Transmit
Receive

Figure 5-3 UART Mode Connections

5.3.3 [°’C Mode Connection

The serial interfaces can connect3@ lave transmitters or receivers. For this
mode, always pull up the SBO and SBT pins gVEither connect a pullup
resistor externally or turn on the internal one by setting the PPLU register.

:

SBO L A N

SBT %

Master

transmitter/ pe

receiver

MN102H75K h 4 A A A

Slave Slave
transmitter/ transmitter/

receiver receiver

Figure 5-4 | 2C Mode Connection
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5.4 UART Mode Baud Rates

In UART mode, the serial interface transfer clock is set to 16 times the baud rate
clock. The expression below is the formula for calculating the baud rate for the
UART mode. Table 5-2 shows the baud rate settings whgg B 24 MHz.

Bosc
baud rate (bpsj- 32 x (timer divisor)

Table 5-2 Example Baud Rate Settings for the UART Mode

Baud Rate Timer 0/1 Divide-by Ratio
19200 39
9600 78
4800 156
2400 313
1200 625
600 1250
300 2500

5.5 Serial Interface Timing

5.5.1 Synchronous Serial Mode Timing
In these timing charts, the character length is 8 bits and there is parity.

SBO [ b0 b1 [b2[b3]ba]bs]|b6]b7[PTY|
st UUUUUUUUUT
Data write |_|

TXBUSY | I.
]

TX interrupt

Figure 5-5 Synchronous Serial Transmission Timing
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SBI |b0[b1[b2]b3[b4a]b5[b6]b7[PTY|
RXBUSY | | _
Rx interrupt ﬂ

RXA

(1 when Rx data in)

]

Data read

Figure 5-6 Synchronous Serial Reception Timing

5.5.2 UART Mode Timing
In these timing charts, the character length is 8 bits, the parity is none, and the
stop bit is 2-bit.

SBO |sTIbo|b1[b2[b3|b4|bs5[b6]b7|SP!SP:!

Data write |_|
TXBUSY | L__
Tx interrupt | |_|_

Figure 5-7 UART Transmission Timing

SBI |ST[bo|b1[b2]|b3|b4|b5[b6|b7|SP:SP:

RXBUSY

Rx interrupt

|
RXA
(1 when Rx data in) ’_!7
L

Data read

Figure 5-8 UART Reception Timing
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(1

You must use an 8-bit timer to
set the transfer clock. See sec-
tion 5.6.3, “Setting Up the Serial
Interface Clock,” on page 135,
for an example setup.

5.6 Serial Interface Setup Examples

5.6.1 Setting Up UART Transmission Using Serial Interface 0
This example illustrates serial transmission in the UART mode with the fol-
lowing settings:

¢ Bogc=24 MHz

¢+ Baud rate = 9600 bps (transfer clock set up with timer 0)

¢ 8-bit character length

¢+ Two stop bits

¢+ Odd parity

When a transmission end interrupt occurs, the next data byte is loaded.

| CORE | | ROM,RAM |
| Interrupts | | Bus Controller |

[P4| | Timers0-1 |—{ SeriallIFs [+ P5 > SBOO

[ Timers23 | [ ADC |

Figure 5-9 Block Diagram of UART Transmission Using Serial Interface 0

Data transmission starts when the CPU writes data to the SCOTRB register. The
transmission start is synchronized to timer 0 underflow. An interrupt occurs when
transmission ends, and the next data byte is written to SCOTRB. If the application
does not use interrupts, it must poll the SCOTBY flag of the SCOSTR register. It

can write the transmission data when SCOTBY is O.

To set up the output port:
Set the P5MD5 bit of the port 5 output mode register (P5MD) to 1. This selects

the SBOO pin as the serial interface output port.

P5MD (example) X'00FFFA’
Bit: 7 6 5 4 3 2 1 0
P5 PS5 PS5 PS5 PS5 P5 PS5 PS5
MD7 MD6 MD5 MD4 MD3 MD2 MD1 MDO
Setting: 0 1 0 0 0 0 0 0
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B To set up serial interface 0O:

1. Configure the transmission settings in the serial port 0 control register
(SCOCTR). Since the transfer clock is timer 0 divided by 8, select timer O
underflow x 1/8 as the serial port O clock source. Select UART mode, odd
parity, 2-bit stop bit, 8-bit data length, and LSB-first output. Also set the
SCOREN and SCOTEN flags to 0, disabling transmission and reception.

SCOCTR (example) x'00FD80’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCO | SCO | SCO | sSCo | sco _ SCO | SCO | SCO | SCO | SCO | sco | sco _ SCO0 | sco
TEN | REN | BRE | 12CS | PTL OD |I2CM | LN |PTY2|PTY1|PTYO| SB S1 SO
Setting: 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 1

2. Setthe SCOTEN bit to 1 to enable transmission.

B To enable serial O transmission end interrupts:
Cancel all existing interrupt requests. Next, set the interrupt priority level of 5 in
the ANLV[2:0] bits of the ANICH register, set the SCTOIE bit of SCTOICH to 1,
and set the SCTOIR bit of SCTOICL to 0. From this point on, an interrupt request
is generated whenever a serial data transmission ends.

ANICH: (example) x'00FC8Y1’
Bit: 7 6 5 4 3 2 1 0
— ANLV2 | ANLV1 [ANLVO — — — ANIE
Setting: 0 1 0 1 0 0 0 0
SCTOICL (example) X'00FC82’
Bit: 7 6 5 4 3 2 1 0
_ _ _ SCTO _ _ _ SCTO
IR ID
Setting: 0 0 0 0 0 0 0 0
SCTOICH (example) x'00FC83'’
Bit: 7 6 5 4 3 2 1 0
_ _ _ _ _ _ _ SCTO
IE
Setting: 0 0 0 0 0 0 0 1
Panasonic Semiconductor Development Company MN2102H75K/F75K/85K/F85K LSI User Manual
132

Panasonic



Serial Interfaces
Serial Interface Setup Examples

B Transmission sequence:
1. Write the first data byte to SCOTRB. Once this data is in the register, trans-
mission begins, synchronized to timer 0.

2. When an interrupt occurs, the program branches to the interrupt service rou-
tine. The routine must determine the interrupt group, then clear the interrupt
request flag.

3. Write the next data byte to SCOTRB. Once the write is complete, transmis-
sion begins in 1 or 2 cycles of the transfer clock (timer 0 underflow).

Figure 5-10 shows an example timing chart.

TCO underflow (1/8) f1_f1 1 f1 f1_f1F1LF1 F1 F1 FLFLFL A1 F1 1 £1 F141 1 1 ¢

SCOTRB write |

ST[b0[ b1]b2]|b3[b4]b5]b6]b7[PT|SPiSP: | |ST[b0]b1[b2][b3[b4!

/

iy

SBOO !

Interrupt request !

Interrupt service !
routine |

SCOTBSY | [

Figure 5-10 UART Transmission Timing (Serial Interface 0)
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5.6.2 Setting Up Synchronous Serial Reception Using Serial
Interface O

This example illustrates serial reception in the synchronous serial mode with the

following settings:

¢ LSBfirst
¢ 8-bit character length
¢+ Odd parity

When a reception end interrupt occurs, the CPU reads the data byte.

m  To set up the input port:
Set the P5DIR7 bit of the port 5 I/O control register (P5DIR) to 0. This sets the
SBTO pin to input.

B To set up serial interface 0O:
Configure the reception settings in the serial port 0 control register (SCOCTR).
Select timer 0 underflow x 1/8 as the serial port 0 clock source. Select timer 0
underflow x 1/8 as the serial port O clock source. Select synchronous serial mode,
odd parity, 8-bit data length, and LSB-first output.

SCOCTR (example) x'00FD80’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCO | SCO | SCO | SCO| sCOo | _ SCO | SCO | SCO | SCO | SCO | sCo | sco SCO0 | sCo
TEN | REN | BRE | 12CS | PTL OD |I2CM | LN |PTY2|PTY1|PTYO| SB S1 SO
Setting: 1 1 0 0 1 0 0 0 1 1 1 1 0 0 0 1

B To enable serial 0 transmission end interrupts:
Cancel all existing interrupt requests. Next, set the interrupt priority level of 5 in
the ANLV[2:0] bits of the ANICH register, set the SCROIE bit of SCROICH to 1,
and set the SCROIR bit of SCROICL to 0. From this point on, an interrupt request
is generated whenever a serial data reception ends.

ANICH: (example) x'00FC81’
Bit: 7 6 5 4 3 2 0
— ANLV2 | ANLV1 [ANLVO — — — ANIE
Setting: 0 1 0 1 0 0 0
SCROICL (example) x'00FC84’
Bit: 7 6 5 4 3 2 0
_ _ _ SCRO _ _ _ SCRO
IR ID
Setting: 0 0 0 0 0 0 0
SCROICH (example) x'00FC85’

Bit: 7

6

5

SCRO
IE

Setting: 0

0

0
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5.6.3 Setting Up the Serial Interface Clock
This example demonstrates how to set up a 19,200 bps transfer clock for the
UART interface by using timer 1 to dividejBd4 by 39. The example uses the
following settings:

¢ BOSC= 24 MHz

¢ Clock source = timer 1 underflow x 1/8

¢ Transfer clock = baud rate x 8

The serial interface determines the baud rate from the 8-bit underflow. Set up the
transfer clock by making the timer 1 underflow either two or eight times the
desired baud rate. The serial interface divides the timer underflow by two or
eight. (Always select divide-by-eight for UART transactions.) For a baud rate of
19,200, since Bgd4 = 6 MHz,

6 MHz/39/8 = 19230.77 bps

This means that the timer 1 underflow must be divided by 39.

CORE | | ROM,RAM |
| Interrupts | | Bus Controller |

| P4 | Timers0-1 | Seriall/Fs | [P5]
| Timers23 | | ADC |

Figure 5-11 Block Diagram of Serial Interface Clock

m  To settimer 1:
1. Disable timer 1 counting in the timer 1 mode register (TM1MD). This step is
unnecessary immediately after a reset, since TM1MD resets to 0.

TM1MD (example) X'00FE21’
Bit: 7 6 5 4 3 2 1 0
T™L [ T™M1 _ _ . | ™M1 | TML
EN LD S1 SO
Setting: 0 0 0 0 0 0 0 0

2. Setthe divide-by ratio for timer 1. To dividgey§J4 by 39, write x'26’ to the
timer 1 base register (TM1BR). (The valid range for TM1BR is 0 to 255.)

TM1BR (example) X'00FE11’

Bit: 7 6 5 4 3 2 1 0

T™M1 T™™1 ™1 ™1 T™1 T™M1 T™1 ™1
BR7 BR6 BR5 BR4 BR3 BR2 BR1 BRO

Setting: 0 0 1 0 0 1 1 0
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Do not change the clock source
once you select it. Selecting the
clock source while you set up
the count operation control will
corrupt the value in the binary
counter.

In the bank and linear address-
ing versions of the MN102
series, it was necessary to set
TM1EN and TM1LD to O
between steps 3 and 4, to
ensure stable operation. This is
unnecessary in the high-speed
linear addressing version.

3. Setthe TM1LD bit of the TM1MD register to 1. This loads the value in the
base register to the binary counter. At the same time, select the clock source
as Bygd4 by writing b’00’ to TM1SJ[1:0].

TM1MD (example) X'00FE21’
Bit: 7 6 5 4 3 2 1 0
T™L [ T™M1 _ _ . | ™M1 | TML
EN LD S1 SO
Setting: 0 1 0 0 0 0 0 0

4. Set TM1LD to 0 and TM1EN to 1. This starts the timer. Counting begins at
the start of the next cycle. When the binary counter reaches 0 and loads the
value x’26’ from the base register, in preparation for the next count, a timer 1
underflow occurs. The serial interface operates in sync with this underflow
output.

Figure 5-12 shows an example timing chart.

Bosc/4 ‘ ‘

TM1BR [ 00 [26! : |

TM1BC

: : \:\ A\Y A} ) ) ) ) ) A} A}
00 . | 26 }/00]26//00] 26//00] 26)/00] 26//00] 26//00] 26//00] 26/00] 26//00] 26//00] 26]
i H A\ A\Y A\Y A\Y A\Y A\Y A\Y A\Y A\Y A\Y

TM1 output ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
(To serial I/F) — :

22 indicates 25, 24-02, and OL.
Figure 5-12 Serial Interface Clock Timing

The interrupt process is repeated each time the buffer receives another byte of
serial data.
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12C mode requires open-drain
pins. To set this up, set the
ODASCIO bit of PCNTO
(X’'00FF90’) to 1. In addition, set
the P5SPUP7 and P5PUPS5 bits of
P5PUP (X’'00FFB5’) to enable
pullup control of the SBOO and
STBO.

The parity bits serve as the ACK

signal. To output an ACK =1 sig-

nal, select a fixed parity of 1. To
output an ACK = 0 signal, select
a fixed parity of 0. Select a parity

of none if there is no ACK signal.

Reception must be enabled for
the circuit to detect a start
sequence.

Bit:

Setting:

Bit:

Setting:

5.6.4 Setting Up {C Transmission Using Serial Interface 0
This example illustrates the microcontroller as a master transmitter ifCthe |
mode, using the SBOO and SBTO pins.

To set up the output ports:
Set the P5SMD7 and P5MD5 bits of the port 5 output mode register (P5MD) to 1.
This selects the SBOO and SBTO pins as the output port fofG@Haterface.

P5MD (example)

7

6

5

4

3

2

1

0

P5
MD7

PS5
MD6

P5
MD5

P5
MD4

P5
MD3

P5
MD2

PS5
MD1

P5
MDO

X'00FFFA’

1 0 1 0 0 0 0 0

To set up the | 2C interface:

Set the operating conditions in the serial control register (SCOCTR). Select ACK
=1 output for the transfer clock (SCOPTY[2:0] = b'101"), 8-bit character length
(SCLN = 1), BC protocol (SCOPTL = 1)2C mode (SCOICM = 1), and MSB-

first bit order (SCOOD = 1). Enable both transmission and reception (SCOTEN
and SCOREN = 1) and disable transmission breaks (SCOBRE = 0). Select the
timer O underflow rate divided by 8 as the clock source.

SCOCTR (example) x'00FD80’

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

_ SCO | SCO | SCO | SCO | SCO | SCo | scCo | SCO0 | sco

OD |I2CM | LN |PTY2|PTY1|PTYO| SB S1 SO

SCo
TEN

SCo
REN

SCo
BRE

SCo
12Cs

SCo
PTL

1 1 0 0 1 0 1 1 1 1 0 1 0 0 0 1

To set up the start sequence:

Write a 1 to the SCOIIC bit of the SCOCTR register to signal the start sequence.
The SBOO pin output immediately goes low. Read SCOSTR to verify that the
start sequence occurred correctly (SCOIST = 1). At this point, even if another
start exists on the bus, an arbitration lost will not be detected.

To transmit the first data byte:

1. Load the data to the serial port O transmit/receive buffer, which initiates data
output. The SBOO pin begins data output to fiiebus when the SBTO
clock signal goes low, with a 1/8 clock cycle delay.

2. After transmission, both the SBO0O and SBTO signals stay low.

To transmit a second data byte:
Load the data to the serial port O transmit/receive buffer. The sequence for the
first data byte repeats.

To set up the stop sequence:
1. When all the data has been transmitted, set the SCOIIC bit of SCOCTR to 0.
Never perform this step during transmission.
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Reception must be enabled for 2. When you perform step 1, the SBTO output signal goes high. One cycle later,

the circuit to detect a stop the SBOO output signal also goes high, signalling the stop sequence. The

sequence. SCOISP flag of SCOSTR becomes 1. The SCOIST and SCOISP flags are both
cleared by a write to or read from the serial port O transmit/receive. buffer

Figure 5-13 shows an example timing chart.

12C sequence

output bit

Write to
SCOTRB W W

SBOO output K\b7[be[bs[b4[b3[b2[b1[bo]AoK K\b7b6b5b4b3b2b1bOACKL@

Tx interrupt request Tx interrupt request
SBTO output

Start detection bit = 1 L | Stop detection bit = 1

Start sequence Data tx 1 Data tx 2 Stop sequence

Figure 5-13 Master Transmitter Timing in | 2C Mode (with ACK)
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You do not need to enable
reception if it is already enabled
by the initial settings. You can
also omit any settings already in
place from the transmission
sequence.

The parity bits serve as the ACK
signal. To output an ACK =1 sig-
nal, select a fixed parity of 1. To

output an ACK = 0 signal, select
a fixed parity of 0. Select a parity
of none if there is no ACK signal

5.6.5 Setting Up ic Reception Using Serial Interface 0
This example illustrates the microcontroller as a master receiver ifCtmedde,
using the SBOO and SBTO pins.

When initiating master receiver mode, your program must always first transmit a
byte of data. The master reception occurs during the interrupt service routine that
runs after the data is transmitted. For an example setup of master transmission,
see section 5.6.4, “Setting U%CI Transmission Using Serial Interface 0,” on

page 137.

To set up the | 2C interface:
1. During the interrupt service routine for the serial transmission end, enable
reception by setting the SCOREN bit of SCOCTR to 1.

2. Select ACK output of 1.

To set up data reception:
1. Write a dummy data bit, X'FF’, to the serial port 0 transmit/receive buffer.
This sets the SBOO signal high and initiates the master receiver mode.

2. During the service routine for the serial reception interrupt, the CPU reads
the transmit/receive buffer to retrieve the reception data. (A transmission
interrupt can serve as a reception interrupt.)

To set up the stop sequence:
1. Setthe SCOIIC bit of SCOCTR to 0 to signal the stop sequence.

2.  When you signal the stop sequence, the data reception is still in progress.
After the stop sequence is output, you must disable reception and reinitialize

reception for succeeding bytes.

Figure 5-14 shows an example timing chart.

I2C sequence
output bit
Write to [ & [ ¢

Tx interrupt request

Tx interrupt request
SBTO output

SCOTRB
Dummy data transmission for reception
' o |
SBOO output {[67[b6]b5[b4]b3[b2] b1 [bOJACK] '[b7]b6]b5[b4a]b3[b2]b1[bOJACK] |

Start detection bit = 1 L | L |

Rx settings Data rx

Stop detection bit = 1

Stop sequence

Figure 5-14 Master Receiver Timing in | 2C Mode (with ACK)

MN102H75K/F75K/85K/F85K LSI User Manual

Panasonic Semiconductor Development Company
139

Panasonic



Serial Interfaces
Serial Interface Control Registers

5.7 Serial Interface Control Registers

Three registers control each of the serial interfaces: the serial port control register
(SCnCTR), the serial transmit/receive buffer (SCnTRB), and the serial port status
register (SCnSTR).

Table 5-3 Serial Interface Control Registers

Register Address R/W Description

Serial I/F SCOCTR | x'00FD80’ | R/W | Serial port O control register
0

SCOTRB | x’'00FD82' | R/W | Serial port O transmit/receive buffer

SCOSTR | x'00FD83’ R | Serial port O status register

Serial I/F SC1CTR | x'00FD88' | R/W | Serial port 1 control register

L SC1TRB | x'00FD8A’' | R/W | Serial port 1 transmit/receive buffer
SC1STR | x’00FD8B’ R | Serial port 1 status register
SCOCTR/SC1CTR: Serial Port n Control Register X'00FD80/x'00FD88’
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCn | SCn| SCn | SCn| SCn SCn| SCn| SCn | SCn | SCn | SCn| SCn SCn | SCn
TEN |REN | BRE| Iic | PTL| — | oD | ICM | LN |PTY2|PTYL1|PTYO| SB | ~— | S1 | sO
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW: RW RW RW RW R/W R RW RW RW RW RW RW RW R R/W  R/W

SCOCTR controls the operating conditions for the serial interface, includ-
ing the clock source, the parity bit, the protocol, and transmit/receive

enabling.
SCnTEN: Serial port n transmit enable
0: Disable
1: Enable
SCnREN: Serial port n receive enable
0: Disable
1. Enable

SCnBRE: Serial port n break transmission
0: Don't break
1: Break (Force SBOn to 0)

SCnlIC: Serial port n 12C start/stop sequence output
Do not change this bit during transmission or reception.
0: Output stop sequence upon 1-to-0 transition
1: Output start sequence upon 0-to-1 transition

SCnPTL: Serial port n protocol select
0: UART

1: Synchronous serial ofC

SCnOD: Serial port n bit order
This bit must be set to 0 during 7-bit transmission.
0: LSB first
1. MSB first
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SCnICM: Serial port n 1C mode select

0: 1%C mode off
1: 12C mode on

SCnLN: Serial port n character length

0: 7-bit
1. 8-bit

SCnPTY[2:0]: Serial port n parity bit select

000:None
001:Reserved
010:Reserved
011:Reserved

100:0 (output low)
101:1 (output high)
110:Even (1s are even)
111:0dd (1s are odd)

SCnSB: Serial port n stop hit select (UART mode only)

0: 1-bit
1. 2-bit

SCnS[1:0]: Serial port n clock source select

The 00 and 10 settings are reserved in UART 4@chodes.
00: SBTn pin
01: Timer O underflowx 1/8
10: Timer 1 underflowx 1/2
11: Timer 1 underflonx 1/8

SCOTRB/SC1TRB: Serial Port n Transmit/Receive Buffer x’'00FD82'/x’'00FD88’

Bit: 7 6 5 4 3 2 1 0
SCn SCn SCn SCn SCn SCn SCn SCn
TRB7 | TRB6 | TRB5 | TRB4 | TRB3 | TRB2 | TRB1 | TRBO
Reset: — — — — = — — —
R/W: R/IW RW R/W R/W R/W RIW R/W R/W
Data transmission begins when the CPU writes data to SCnTRB.
The CPU retrieves the data by reading SCnTRB. SCnTRB has two respec-
tive buffers, for transmission and for reception. The buffers for reception is
consist of two buffers and the received data is set to SCnTRB after the
reception ends, and held until that of the next data ends
Over-run-error occurs if SCnTRB is not read, before the reception of the
next data ends (See 5-5)
When the received data is set to SCnTRB, reception end interrupt occurs
and SCnRXA flag of SCnTRB register is set to 1.
During 7-bit transfers, the most significant bit (bit 7) of SCnTRB is always
0.
The reset value of SCOTRB is undefined.
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SCOSTR/SC1STR: Serial Port n Status Register X'00FD83'/x'00FD8B’
Bit: 7 6 5 4 3 2 1 0
SCn SCn SCn SCn SCn SCn SCn SCn
TBY RBY ISP RXA IST FE PE OE
Reset: 0 0 o] 0 0 0 0 0
R/W: R R R R R R R R

SCnSTR contains the error detection and status flags for the serial inter-
faces.

SCnTBY: Serial port n transmission busy flag
0: OK to transmit
1: Transmission in progress

SCnRBY: Serial port n reception busy flag
0: OK'to receive
1: Reception in progress
SCnISP: Serial port n 1°C stop sequence detect
A read or write to SCnTRB clears this bit.
0: No stop sequence
1: Stop sequence detected

SCnRXA: Serial port n received data flag
0: Not received
1. Received

SCnIST: Serial port n 12C start sequence detect
A read or write to SCnTRB clears this bit.
0: No start sequence
1: Start sequence detected

SCnFE: Serial port n framing error
A framing error occurs when a 0 is received during stop bit transfer. Fram-
ing error data is updated each time the stop bit is received.
0: No error
1: Framing error occurred

SCnPE: Serial port n parity error

A parity error occurs when the received parity bit is 1 and the parity setting
is 0; when the received parity bit is 0 and the parity setting is 1; when the
received parity bit is odd and the parity setting is even; or when the
received parity bit is even and the parity setting is odd. Parity error data is
updated each time the parity bit is received.

0: No error

1: Parity error occurred

SCnOE: Serial port n overrun error
An overrun error occurs during reception when a data byte reception ends
before the CPU has read the previous byte from SCnTRB. Overrun error
data is updated each time the last data bit (seventh or eighth bit) is received.
0: No error
1: Overrun error occurred
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6 Analog-to-Digital Converter

6.1 Description

The MN102H75K/85K contains an 8-bit charge redistribution A/D converter
(ADC) that can process up to 12 channels. The reference clock is selectable to
BoscX 1/8 or 1/16. When Bgcis 24 MHz, you must set the reference clock to
Bosd8 (conversion rate = 4 us) or higher.

VDD
i ¥

ADINO — » ; ANOBUF
ADINIT — » ; AN1BUF
ADIN2 — ! AN2BUF
ADIN3 — | ; AN3BUF
ADINA — o : 8-bit AN4BUF
ADINS ———| U = Samgle ! successive- AN5BUF
ADING ——» s‘“l 4 | approximation [~ ANGBUF
ADIN7 ——»| X o & Abc AN7BUF
ADINg ——» ; ANSBUF
ADING ——» ; ANOBUF
ADIN10 ——» : AN10BUF
ADIN11 ——» : AN11BUF

Vss

Figure 6-1 ADC Architecture

6.2 Features

Table 6-1 ADC Functions and Features

Function/Feature Description
Sample and hold Embedded
Conversion time 4 ps per channel (when Boge = 24 MHz)
Clock sources Programmable to Bogc divided by 8 or 16
Operating modes 46 operating modes (four types) @

« Single conversion of one input (channel 0, 1, 2, 3, 4,5, 6, 7, 8, 9, 10, or 11)

« Single conversion of multiple inputs (channels 0—n, where n = 1-11)
 Continuous conversion of one input (channel 0, 1, 2, 3, 4,5, 6, 7, 8, 9, 10, or 11)
« Continuous conversion of multiple inputs (channels 0—n, where n = 1-11)

Conversion start Timer 1 underflow or register setting

Interrupts An interrupt is generated each time a single or continuous conversion sequence ends

Note: 1. Channels correspond to the ADIN pin having the same number. For instance, channel 3 (or ch3) corresponds to
ADIN3.
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6.3 Block Diagram

— 00
ADINO
ADIN1 }_q
oz ool T ol 1o o I s
BN TITITTITT
ADIN5 U
ADING A A A A A A XA
ADIN7 X VDD
ADINS Vss
ADIN9
ADIN10
ADIN11
Storage of converted data
[ |
Shift register for state information
Aﬁ ANCTR
1T T I I
‘ANNCH ‘ ANlCH‘ ‘ ‘ ‘ ‘ ‘ ‘
L1 1 1 | | |
{ l j AN11BUF-ANOBUF
Bosc Divider Compare] | INC Interrupt Data registers
generated 8-bit x 12

A/D interrupt request

Figure 6-2 ADC Block Diagram

6.4 A/D Conversion Timing

6.4.1 Selecting the ADC Clock Source
Calculate the A/D conversion time as follows:

conversion time (s) = [12 (cycle8)(Bggccycle) (s)x divide-by ratio] / ch

For example, if you set the clock source t9B/8, the conversion time isdc
x 96 cycles.

- Interrupt
- Write to
) / register

State%| SIH |jbit7|6]5]4]3]2]1]o]rm}7

'In continuous mode

; ; [T sw s
Reference : : :
o LTIy e

12 cycles

Figure 6-3 ADC Timing
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6.4.2 Single Channel/Single Conversion Timing

When ANMDJ[1:0] = b’00’, the ADC converts one ADIN input signal a single

time. An interrupt occurs when the conversion ends. Load the number of the
channel to be converted to the AN1CH]J3:0] field of the ADC control register

(ANCTR). (The ANNCH]J3:0] field is ignored in this mode.)

When the software starts the conversion, write a 0 to the ANTC bit (disabling
conversion start at timer 1 underflow), then write a 1 to ANEN. (If ANTC =1,
ANEN goes high upon a timer 1 underflow.) ANEN remains high during the con-
version, then clears to 0 when the conversion ends.

Start

Stop

Interrupt |_|
request

Channel 0
State conversion|
ANEN |

Figure 6-4 Single Channel/Single Conversion Timing

Channel 2]
conversion|

Channel 1
conversion|

6.4.3 Multiple Channel/Single Conversion Timing

When ANMDI[1:0] = b’01’, the ADC converts multiple, consecutive ADIN input
signals a single time. An interrupt occurs when the conversion sequence ends.
Load Os to the AN1CH][3:0] field of the ADC control register (ANCTR), then
load the number of the final channel in the sequence to the ANNCH][3:0] field.
The sequence always begins with channel 0.

When the software starts the conversion, write a 0 to the ANTC bit (disabling
conversion start at timer 1 underflow), then write a 1 to ANEN. (If ANTC =1,
ANEN goes high upon a timer 1 underflow.) ANEN remains high during the con-
version, then clears to 0 when the conversion sequence ends. Note that the
AN1CH]I[3:0] field holds the number of the channel being converted. It clears to 0
when the sequence ends.

Start

Stop

Interrupt |_|
request

Channel 0
State conversion|
ANEN |

Figure 6-5 Multiple Channel/Single Conversion Timing

Channel 2|
conversion|

Channel 1
conversion
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6.4.4 Single Channel/Continuous Conversion Timing

When ANMDI[1:0] = b'10’, the ADC converts one ADIN input signal contin-
uously. An interrupt occurs each time the conversion ends. Load the number of
the channel to be converted in the AN1CH]J3:0] field of the ADC control register
(ANCTR). (The ANNCH]J3:0] field is ignored in this mode.)

When the software starts the conversion, write a 0 to the ANTC bit (disabling
conversion start at timer 1 underflow), then write a 1 to ANEN. (If ANTC =1,
ANEN goes high upon a timer 1 underflow.) ANEN remains high during the con-
version. To end the A/D conversion, write a 0 to ANEN.

Start j
Stop |_|
Interrupt |_| |_| |_| |_|
requests
State ——{ e
ANEN J |

Figure 6-6 Single Channel/Continuous Conversion Timing

Channel n|
conversion|

Channel n
conversion|

Channel n
conversion|

Channel n
conversion|

6.4.5 Multiple Channel/Continuous Conversion Timing

When ANMDJ[1:0] = b'11’, the ADC converts multiple, consecutive ADIN input
signals continuously. An interrupt occurs each time the conversion sequence
ends. Load Os to the AN1CH][3:0] field of the ADC control register (ANCTR),
then load the number of the final channel in the sequence to the ANNCH[3:0]
field. The sequence always begins with channel 0.

When the software starts the conversion, write a 0 to the ANTC bit (disabling
conversion start at timer 1 underflow), then write a 1 to ANEN. (If ANTC =1,
ANEN goes high upon a timer 1 underflow.) ANEN remains high during the con-
version. To end the A/D conversion, write a 0 to ANEN. Note that the
AN1CH]I[3:0] field holds the number of the channel being converted. It clears to 0
when the sequence ends.

Start j
Stop |_|
Interrupt |_| |_|
requests
State —— G, R
ANEN J

Figure 6-7 Multiple Channel/Continuous Conversion Timing

Channel 2
conversion

Channel 2
conversion

Channel 0
conversion

Channel 1
conversion

Channel 1
conversion
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6.5 ADC Setup Examples

6.5.1 Setting Up Software-Controlled Single-Channel A/D Conversion
This example illustrates single-channel conversion controlled by the software.
The ADING pin inputs an analog voltage signal (0.0 V-3.3 V) and the ADC
converts it to 8-bit digital values.

MN102H75K

3.3 Vrrrrmmme oo

—»| P11, ADING

Figure 6-8 Single-Channel A/D Conversion

®  To set up the input port:
Set the P1MD2 bit of the port 1 output mode register (PLMD) to 1. This sets the
ADING pin (P11) to analog input.

®  To set up the ADC:
1. Set the operating conditions in the ADC control register (ANCTR). Select
single-channel, single-conversion mode (ANMD[1:0] = b’'00'$J3/8 as
the clock source (ANCK][1:0] = b'10’), and channel 6 as the conversion
channel (AN1CHJ3:0] = b’'011’). Set the conversion start/busy bit, ANEN,

to 0.
ANCTR (example) X'00FF00’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AN AN AN AN AN AN AN AN AN AN _ _ AN AN AN AN
NCH3|NCH2[ NCH1| NCHO| 1CH3 | 1CH2| 1CH1| 1CHO| EN TC CK1 | CKO | MD1 | MDO
Setting: 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0
When the software controls the 2. Set ANEN to 1 to start conversion. Conversion starts on the first rising edge
Z‘:\I”I‘E’EF?I'O” Sti”' it must set the of the ADC clock after ANEN is set. The conversion time is 12 cycles of the
ag to 1. ..
g ADC clock. When Bysc= 24 MHz, this is 4.0 ps, or 4.0us—4.3 ps after
ANEN is set.
The ADC can also generate an 3. Wait for the conversion to end. Since ANEN remains high during conver-
interrupt when the conversion sion, then clears to 0, the program must wait until ANEN is 0.

ends, once the data is stored in
ANG6BUF In this case, the
software does not need to wait

4. Read the ADING conversion data buffer (AN6BUF). The converter divides 0

for the ANEN flag before reading to 3.3 volts into 256 segments, so the digital result is a value from 0 to 255.

AN6BUF
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ANG6BUF (example) x'00FF14’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ANn [ ANn | ANn [ ANn | ANn | ANn | ANn | ANn
BUF7 | BUF6 | BUF5 | BUF4 | BUF3 | BUF2 | BUF1 | BUFO

ANCTR A s R R R
set A e
ANEN I R R T |
State ADING converting —
Reference
clock
0 1112934 1101112 3
ANG6BUF 3 ] 3 3 3 ] ] ] 3 ] VALID
AN6BUF — | . . . 1 T 1
read e

Interrupt //

Figure 6-9 Timing of Software-Controlled Single-Channel A/D Conversion

6.5.2 Setting Up Hardware-Controlled Intermittent Three-Channel

A/D Conversion
This example illustrates multiple-channel conversion controlled by the hardware.
The ADIN2, ADIN1, and ADINO pins input analog voltage signals (0.0 V- 3.3
V) and the ADC converts the voltages to 8-bit digital values. It writes the results
to the registers periodically, each time timer 1 underflows.

Slider 1 Slider 2 Slider 3
10
5
0
i MN102H75}
chO chl ch2
e e B
A/D converter data registers
7y MN102
Underflow CPU core
Timer 1
Figure 6-10 Multiple-Channel A/D Conversion
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(

Do not change the clock source
once you have selected it.
Selecting the clock source while
you set up the count operation
control will corrupt the value in
the binary counter.

®  To set up the input port:
Set the PODIR[5:3] bits of the port 0 I/O control register (PODIR) to 0. This sets
the ADINZ2 (P05), ADIN1 (P04), and ADINO (P03) pins (P11) to general-purpose
input.

m  To set up the ADC:
Set the operating conditions in the ADC control register (ANCTR). Select
multiple-channel, single-conversion mode (ANMDI[1:0] = b'01") angkB8 as
the clock source (ANCK]1:0] = b’10). Set the conversion start/busy bit, ANEN,
to 0. Set ANTC to 1, enabling conversion start at timer 1 underflow. Set the
AN1CH]J3:0] field to the first channel (channel 0) and set the ANNCH[3:0] to the
last channel (channel 2).

ANCTR (example) x'00FDAQ’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AN AN AN AN AN AN AN AN AN AN _ _ AN AN AN AN
NCH3|NCH2[ NCH1| NCHO| 1CH3 | 1CH2| 1CH1| 1CHO| EN TC CK1 | CKO | MD1 | MDO
Setting: 0 0 1 0 o] 0 0 0 0 1 0 0 1 0 0 1

m  To set up the conversion cycle
1. Set the divide-by ratio for timer 1. To divide,§44 by 256, write 255
(X’FF’) to the timer 1 base register (TM1BR). (The valid range for TM1BR
is 1to 255.)

TM1BR (example) X'00FE11’

Bit: 7 6 5 4 3 2 1 0

™1 ™1 ™1 ™1 ™1 ™1 ™1 ™1
BR7 BR6 BR5 BR4 BR3 BR2 BR1 BRO

Setting: 1 1 1 1 1 1 1 1

2. Setthe TM1LD bit of the TM1MD register to 1 and the TM1EN bit to 0.
(This loads the value in the base register to the binary counter.)

TM1MD (example) X'00FE21’
Bit: 7 6 5 4 3 2 1 0
T™L [ T™M1 _ _ . | ™M1 | TML
EN LD S1 SO
Setting: 0 1 0 0 0 0 1 0

3. Set TM1LD to 0 and TM1EN to 1. This starts the timer. Counting begins at
the start of the next cycle.

When the binary counter (TM1BC) reaches 0, the microcontroller reloads the
value in the base register (TM1BR) to TM1BC and simultaneously generates a
timer 1 underflow interrupt. After each timer 1 underflow, the ADC converts
each of the ADIN[2:0] inputs a single time.
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Timer 1 H
underflow

Conversion 4{Channel 0

Channel 2}—{ Channel 0 Channel Zbi

Channel 1] Channel 1

Interrupts // //

Figure 6-11 Timing of Hardware-Controlled Intermittent Three-Channel A/D

6.6

Conversion

ADC Control Registers

The ADC contains thirteen registers—one control register (ANCTR) and twelve
data buffers (each associated with one of the ADIN pins). ANCTR controls the

operating conditions, and the read-only data buffers hold the results of the A/D
conversions.

Table 6-2 ADC Control Registers

Register |Address R/W Description

ANCTR X'00FFO0’ | R/W | ADC control register

ANOBUF Xx’00FF08’

ADINO conversion data buffer

AN1BUF X'00FFOA’

ADIN1 conversion data buffer

AN2BUF X’00FFOC’

ADIN2 conversion data buffer

AN3BUF X’00FFOE’

ADIN3 conversion data buffer

AN4BUF X'00FF10’

ADIN4 conversion data buffer

ANSBUF X'00FF12’

ADIN5 conversion data buffer

ANG6BUF X'00FF14’

ADING6 conversion data buffer

AN7BUF X'00FF16’

ADIN7 conversion data buffer

ANSBUF X’00FF18’

ADINS conversion data buffer

AN9BUF X'00FF1A’

ADIN9 conversion data buffer

AN10BUF X'00FF1C’

ADIN10 conversion data buffer

AN11BUF X'00FF1C’

| V| WOV W|OV| W] O| W| D D| D

ADIN11 conversion data buffer

ANOBUF-AN11BUF: ADINO-ADIN11 Conversion Data Buffers x'00FF00-x’'00FF1C’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ANn | ANn | ANn | ANn | ANn | ANn | ANn [ ANn
- - - - - - - | BUF7| BUF6 | BUF5 | BUF4 | BUF3 | BUF2 | BUF1 | BUFO
Reset: 0 0 0 0 0 0 0 0 — — — — — — — —
R/W: R R R R R R R R R R R R R R R R

These buffers hold the 8-bit A/D conversion data. Their value is unknown

after reset.
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ANCTR: ADC Control Register X'00FF00’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AN AN AN AN AN AN AN AN AN AN o 0 AN AN AN AN
NCH3|NCH2[ NCH1| NCHO| 1CH3 | 1CH2| 1CH1| 1CHO| EN TC CK1 | CKO | MD1 | MDO

Reset: 0 0 o] 0 0 0 0 o] 0 0 0 0 0 0 0 0

RW. RW RW RW RW RW RW RW RW RW RW R R RW RW RW R/W

ANNCH][3:0]: Channel select for multiple-channel conversion
0000: Convert ADINO 0111: Convert ADINO—ADIN7
0001: Convert ADINO—ADIN1 1000: Convert ADINO—ADINS8
0010: Convert ADINO—ADIN2 1001: Convert ADINO—ADIN9
0011: Convert ADINO—-ADIN3 1010: Convert ADINO—ADIN10
0100: Convert ADINO—ADIN4 1011: Convert ADINO—-ADIN11
0101: Convert ADINO—ADIN5 1100-1111: Reserved
0110: Convert ADINO—ADING

AN1CH]J3:0]: Channel select for single-channel conversion

0000: Convert ADINO 0111: Convert ADIN7
0001: Convert ADIN1 1000: Convert ADINS
0010: Convert ADIN2 1001: Convert ADIN9
0011: Convert ADINS3 1010: Convert ADIN10
0100: Convert ADIN4 1011: Convert ADIN11
0101: Convert ADINS 1100-1111: Reserved

0110: Convert ADIN6

ANEN: Conversion start/busy flag
0: No conversion in progress
1: Conversion in progress

ANTC: Conversion start at timer 1 underflow
0: Disable
1. Enable

ANCTR5
Always set this bit to 0.

ANCK][1:0]: Clock source select
00: Reserved
01: Reserved

10: 8080/8
11: 8080/16

ANMDI1:0]: Operating mode select
00: Single channel, single conversion
01: Multiple channels, single conversion
10: Single channel, continuous conversion
11: Multiple channels, continuous conversion
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6.7 Cautions about Analog-to-Digital Converter

The type of this Analog-to-Digital Converter is a sample-hold one, and so the
current temporarily flows in conversion to charge the condenser of the sample-
hold circuit. For this reasons, the following settings are needed to get the
accurancy of convension:

1. Impedance of analog input terminal must be belo@. 8k

2. When impedance of analog input terminal is oved, &ondenser which
capacity is above 2000 pF must be connected to suppress the voltage
changes of the analog input terminal.

3. During conversion do not change the output level of the terminal (from H to
L or from L to H), and not turn on and off the peripheral circuit, cause these
actions may influence the power supply voltage.

analbog signal output )
. o micro computer
equivalent circuit

R | i
EAVAYA : 1
i E Analog-to-Digital
i A]]C E fnput terminal
77777777777777777 1 Vss o ——————
R<< 8kQ
or
C= 2000F

Figure 6-12 Cautions on Analog-to-Digital Converter

Panasonic Semiconductor Development Company MN2102H75K/F75K/85K/F85K LSI User Manual
152

Panasonic



On-Screen Display
Description

7 On-Screen Display

7.1 Description

‘ The MN102H75K/85K contains an on-screen display (OSD) function composed

- of three layers: a text layer, a graphics layer, and a cursor layer. You can control
If you use the OSD function, the each layer individually, which gives you great freedom in positioning displays.
DMA function executes for both You can also modify the ROM space that contains the text characters and the

the text and graphics layers,
even if your program does not
use one of these layers. To pre-
vent error, program data for the

unused layer to meet the restric- 7.2 Features
tions outlined here.

graphic tiles and the VRAM space that contains the text and graphics programs.
This allows you to adjust the memory space to fit your application.

Table 7-1 OSD Functions and Features

Function/Feature Text Layer Graphics Layer
Characters or tiles per line 1) | 38 characters per line 9 18 or 28 tiles per line ¥
RAM usage 80 bytes per line 40 or 64 bytes per line
Line-by-line basis Line-by-line basis
Maximum 64 lines Maximum 64 lines
ROM usage 36 bytes per character 16 colors: 128 bytes per tile
8 colors: 96 bytes per tile
4 colors: 64 bytes per tile
2 colors: 32 bytes per tile
Max. characters or tiles 1024 characters 512 tiles (in all color modes)
Resolution 16 (wide) x 18 (high) pixels 16 (W) x 16 (H) pixels, or
In closed-caption mode: 16 (W) x 18 (H) pixels
16 (W) x 26 (H) (underlining is in the hardware)
Color depth One 16-color palette out of 4096 colors Two 16-color palettes out of 4096 colors
(Total 32 colors in one display)
Display start position H: 1 dot resolution, 1024 steps H: 1 dot resolution, 1024 steps
V: 1 H scan line resolution, 1024 steps V: 1 H scan line resolution, 1024 steps
Character or tile size ®) 16 character sizes, line-by-line basis 16 character sizes, line-by-line basis
H: 1x, 2x, 3X, 4x H: 1x, 2x, 3X, 4x
V: 1x, 2X, 4X, 6X V: 1X, 2X, 4%, 6X
Display functions « Shutter effect « Repeated tile or blank ®
 Outlining
« Shadowing (foreground and background)
« Blinking
In closed-caption mode:
« Italics
» Underlining
Cursor layer Selects one tile from the graphic tile area (16 x 16)
Display position: H: 1 dot resolution, 1024 steps
V: 1 H scan line resolution, 1024 steps

Notes: 1. Maximum 60 characters + tiles in one line (when using a 64-byte graphics line). For example,
(1) If a graphics line contains 28 tiles, then the corresponding line in the text layer can only contain 32 characters.
(2) If a text line contains 38 characters, then the corresponding line in the graphics layer can only contain 22 tiles.
2. Maximum 38 characters per line (60 characters + tiles) with the default text colors. Each color assignment, includigg outlini
and blinking, decreases this total by one.
3.  The maximum number of tiles per line is programmable in the GEXTE bit of the OSD2 register. 18 tiles requires 40 bytes per
line, and 28 tiles requires 64 bytes per line. The setting applies to all lines.
4. Multiple modes cannot be used simultaneously—the color mode applies to the entire display.
5. The OSD dot clock frequency controls the horizontal position and size. For details, see section 7.9.4, “Setting Up the OSD Di
play Position,” on page 180, and section 7.11, “Selecting the OSD Dot Clock,” on page 186.
6. This function can be used for a wallpapering effect or to insert spaces. One tile code can be repeated up to 16 tiimgs. Repeat
tiles allows you to use more than 18 (or 28) tiles per line.
For the OSD block to operate correctly, always set bit 7of the PCNT2 register (x00FF92’) to 0.

~
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Block Diagram

Block Diagram

7.3

weibeliq %20|g ASO T-2 ainbi

MN102H75K/F75K/85K/F85K LSI User Manual

154

Panasonic

salkax 952
‘pIaly 10 1Q [03U0D BU) S8YedIpUl :9]0N
Wod (G
A
lppe
REE <
< ﬁmﬁu pue i NO3 TETE eep
P— salydelb 1xal INDIHD ETNER) salhqy 8
< 19181681 YIys < dAID'dHID VY
dAS'dHS 51999 12p0o2sp —>
s (o5 ) | erea (siep sonceid .
la NIWOHO pue 1xa} speay) Ippe
(OINmE ) >00i9 VINQ
< 'Dzm_sz_o
NdVYO A A
— '“_n_z: oul ol
1N2JID peal erep e
9|l pue juoH
Y slalsibal Yy v
dso
- - 00]0 WalsAs
13]|04u0d (SeNQUNE) dA'dH'800100 MTOSAS
Aeidsip XIN aso ) 4 Ndd
J9]|013U0d >
1002 pue e
alA1s 1Xa 1
0'T'ZI10A oI
(@] DAL < < ¢
S e ouks [Tl Td [$ny1 ¢ TOSO
I3pInp < = %2010
994 18]|041u02 >90[0 100 320]D g
¥ J8nnys D | . 0‘IXaso
299 ~ (0'713S0S0
INOA
IMLITV) |-
M 1NNOOH
WA - 0
J21UN0d - 19-0T le— 2 |= ONASH
ww%w_mg uomisod (3sod) 2 (7odH
ova e} [euozZUOH  [* 2
NOWY4 1010919p 1ajunod =3
- — = |= ONASA
NOWO3 piai4 (ANVD) uonisod [esiuaA g iGan

Panasonic Semiconductor Development Company



On-Screen Display

Power-Saving Considerations in the OSD Block

(1

OSDPOFF resets to 0. To
operate the OSD, you must first
set this bit to 1.

7.4 Power-Saving Considerations in the OSD

Block
Table 7-2 shows bits that can decrease the power consumption of the OSD block.
This section explains how to use these bits.

Table 7-2 Power-Saving Control Bits for the OSD

Bit Name |Register |Address Bit Description Reset

OSDPOFF | PCNTO X'00FF90’ | 7 | 0: System clock off to OSD 0
1. System clock on to OSD

OSDREG PCNT2 | X’00FF92' | O | 0: R/W disabled for OSD registers 0

E 1: R/W enabled for OSD registers

(1

To turn off the OSD block to save
power:

1. Write a 0 to OSD (OSD1, bit 10).

2. Wait for the next VSYNC input.

3. Write a 0 to OSDPOFF (PCNTO,
bit 7), turning the clock off.

If you turn the clock off before the

VSYNC input, power usage may

not drop or the microcontroller may

halt.

Using OSDPOFF to control the system clock supply to the OSD

The OSDPOFF bit enables or disables the system clock supply to the OSD block.
When the OSD is unused, setting this bit to 0 stops the clock supply to the OSD,
reducing power dissipation. Setting OSDPOFF to 0 not only disables the OSD
display, it disables reads from and writes to the OSD registers. To operate the
OSD, set this bit to 1, then set up the OSD registers.

Using OSDREGE to control read/write access to the OSD registers

The OSDREGE bit enables or disables read/write operations to the OSD reg-
isters. Once you have set the OSD registers, you can write a 0 to this bit to
disable furthers reads and writes to them, reducing power dissipation. This bit
resets to 0.

Note that when OSDPOFF is 0, you cannot read or write to the OSD registers
even if OSDREGE is 1. Table 7-3 shows the combinations of OSDPOFF and
OSDREGE. Note also that when OSDREGE is 0, the OSD display runs, but the
shuttering motion does not work. If your application requires shutter movement,
you must enable OSDREGE.

Table 7-3 OSDPOFF and OSDREGE Settings

OSDPOFF OSDREGE | OSD | Register R/W |Power Dissipation
0 Don't care Off Disabled
Less
1 0 On Disabled
1 1 On Enabled Greater
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See section 7.11, “Selecting the
OSD Dot Clock,” on page 186,
for information on setting the
OSD clock frequency.

(1

Do not layer any graphic or cur-
sor tiles over italicized charac-
ters in closed-caption mode.

7.5 OSD Operation
This section describes the basic operation of the OSD block. The remainder of
section 7 provides more detailed specifications.

7.5.1 OSD Clock
The OSD clock source is programmable to either the microcontroller system
clock (OSC1, OSC2 pins) or a dedicated OSD clock (OSDXI, OSDXO pins).

OSC clock source

An internal phase-locked loop (PLL) multiplies the external 4-MHz frequency to
generate an OSD clock that is synchronized to the trailing edge of the horizontal
sync signal (HSYNC). This dramatically reduces EMI and character distortion.
The output frequency is programmable to 12, 16, 24, 32 or 48 MHz.

OSDX clock source

An LC blocking oscillator allows HSYNC to serve as the clock source. You can
also input an external clock through the OSDXI pin and synchronize it internally.
(Frequency range: 12—-48 MHz)

7.5.2 External Input Sync Signals

Input the horizontal sync signal through the HSYNC pin and the vertical sync
signal through the VSYNC pin. The pullup resistors and polarity are pro-
grammable. An interrupt must occur so that the microcontroller can detect each
VSYNC start field. Set the interrupt edge in the IQ1TGJ[1:0] bits of the EXTMD
registers and the OSD input polarity in the VPOL bit of the OSD1 register. Note
that you must these parameters separately.

7.5.3 Multi-Layer Format

Multi-layer technology enables the microcontroller to display text, graphics, and
hardware cursor as different display layers with different color depths. You can
stack the layers in any order. When the layers contain overlapping images, the
cursor always takes highest priority. The priority of the text and graphics layers is
programmable in the registers.

Text layer

Each character in the text layer contains a foreground (character) color and a
background color. Outlining and shadowing are separate options. In closed-
caption mode, the OSD can only display the text in the encoded captions. The
graphics and cursor layers can be displayed in this mode, but note that if any tiles
from either layer overlaps italicized text, the pixels in the graphic will be dis-
placed, distorting the image.
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(

When you are not using the
DAC, set the COMP and IREF
pins for the DAC to H.

(1

After a reset clears, the system
clock supply to the OSD stops.
To operate the OSD, you must
first set the OSDPOFF bit of
PCNTO (x'00FF90")to 1.

Graphics layer

The graphics layer contains tiled images. In the 16-color mode, each 4-bit dot on
a tile can display one of 16 colors. Each tile can use either of two available color
palettes, allowing a total of 32 colors in one display. The graphics layer also
supports 2-, 4-, and 8-color modes. All the tiles in a single display screen must be
in the same color mode. (For instance, an 8-color-mode tile cannot be displayed
at the same time as a 16-color-mode tile.) The size of one tile is 16W x 16H
pixels in standard mode and 16W x 18H pixels in extended mode.

Cursor layer

The cursor layer displays an icon indicating the position of the next entry. One
display screen displays only one cursor (tile). The ROM data and color palettes
for the tile are the same as those of the graphics layer. The size of one tile is 16W
X 16H pixels in standard mode and 32W x 32H pixels in extended mode.

7.5.4 Output Pin Setup
To set up the output pins, enable the OSD output pins in the I/O registers. Select
DAC or digital output for RGB and YM. Set the YS polarity.

7.5.5 Microcontroller Interface

The microcontroller writes display data to be sent to the OSD control registers
and the VRAM, which is assigned to internal RAM space. The control registers
(CRAMEND and GRAMEND) hold the end address of the data in the VRAM.

7.5.6 VRAM

Display data stored in the VRAM transfers automatically (through) a DMA
transfer) from the internal RAM to the OSD as the display approaches its
specified position. The microcontroller is suspended while the data is transferred
on the bus. See section 7.10, “DMA and Interrupt Timing,” on page 185, for
more information on this timing.

The two MSBs of the transferred data contain one or more of the following ID
codes:

Text layer

1. Character code CcC

2. Color control code (normal mode) COoL
3. Color control code (closed-caption mode) COoL
4. Repeat character/blank code CcCB
5. Character horizontal position code CHP
6. Character vertical position code CVvP

Graphics layer

1. Graphic tile code GTC
2. Graphics horizontal position code GHP
3. Graphics vertical position code GVP
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(1

Set CHP, CVP, GHP, and GVP
for every line in the VRAM. If
you do not, a software
processing error may occur.

7.5.7 Conditions for VRAM Writes
m  Text layer

1. The lead data for each line must be the color control code (COL) or the char-
acter code (CC). Never place the horizontal position (CHP), vertical position
(CVP), or repeat (CCB) codes at the beginning of a line. (If the lead data is
CC, with no COL specification, the character will be text palette color 1, and
the background will be color 2.)

2. Place each line’s horizontal and vertical position data (CHP and CVP), in
that order, at the end of the preceding line.

3. Insert the color control code (COL) before the character code (CC). You do
not need to meet condition 3 in the closed-caption mode, since COL can
carry over in that mode.

4. A character code (CC) must immediately precede a repeat character/blank
code (CCB), and a color control code (COL) or character code (CC) must
follow it.

5. To indicate the last line of a display, make the CHP and CVP values for the
last line smaller than those in the currently displayed line. In addition, write
a 1 to the last line flag of the text layer (CLAST).

6. Two text lines (but no more) can overlap on the screen. The lower line takes
priority, appearing to lie on top of the higher line.

7. If the horizontal sync signal is asserted while the microcontroller is access-
ing CHP and CVP, that line and the next line may not display properly. (For
details, see section 7.10.4, “Setting Up the OSD Display Position,” on page
189.)

m  Graphics layer
1. Place each line’s horizontal and vertical position data (GHP and GVP), in
that order, at the end of the preceding line. Do not place GHP and GVP at the
start of a line.

2. To indicate the last line of a display, make the GHP and GVP values for the
last line smaller than those in the currently displayed line. In addition, write
a 1 to the last line flag of the graphics layer (GLAST).

3. Two graphic lines (but no more) can overlap on the screen. The lower line
takes priority, appearing to lie on top of the higher line.

4. If the horizontal sync signal is asserted while the microcontroller is access-
ing GHP and GVP, that line and the next line may not display properly. (For
details, see section 7.10.4, “Setting Up the OSD Display Position,” on page
189.)
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7.6 Standard and Extended Display Modes

Two modes are available for the graphics and cursor layers, standard and
extended. In extended mode, the cursor layer can display four grouped graphic
tiles rather than one. The graphics layer can display tiles that are two pixels taller
than those used in standard mode, giving the graphic tiles the same dimensions as
the characters in the text layer.

7.6.1 Cursor Layer Display Modes

The size of the cursor in the cursor layer is programmable to 16W x 16H pixels in
standard mode and 32W x 32H pixels in extended mode. Select the mode for this
layer in the SPEXT bit of the OSD2 register (x’'007F08’).

To create a graphic for the cursor layer in extended mode, combine four 16 x 16
tiles. They are ordered as follows: (1) upper left, (2) upper right, (3) lower left,
and (4) lower right. Set the pointers to these tiles in cursor tile code registers 0 to
3 (STCO0-3), where STCO corresponds to tile (1). Table 7-4 shows the associated
tiles and registers.

Display start position Display start position
setin SHP aQSVP setin SHP and SVP

16 pierS*\ 16 pierS*\/f 16 pierS*\

16 16
pixels pixels @) @

—\/

pixels ©) @

H
/5o N\

A. Standard Mode (16W x 16H) B. Extended Mode (32W x 32H)

Figure 7-2 Cursor Tiles in Standard and Extended Modes
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(1

You cannot use the tiles created
for graphics layer extended
mode as cursor tiles.

Table 7-4 Associated Tiles for Cursor Tile Code Registers

Graphic Tile Register Register Address
(1) Upper left STCO x'007F10’
(2) Upper right STC1 X'007F2A’
(3) Lower left STC2 x'007F2C’
(4) Lower right STC3 X'007F2E’

In standard mode, STCO is the only cursor tile code register that is enabled. Use
the cursor horizontal position register (SHP, xX’'00F12") and the cursor vertical
position register (SVP, x’'007F14") in both modes to program the display start
position. In extended mode, this position refers to the upper left corner of tile (1).
Set the color palette for each tile individually.

7.6.2 Graphics Layer Display Modes

The size of the tiles in the graphics layer is programmable to 16W x 16H pixels
in standard mode and 16W x 18H pixels in extended mode. Select the mode for
this layer in the GTHT bit of the OSD2 register (x’'007F08’).

In extended mode, the tiles are the same size as the characters in the text layer.
This allows for a cleaner display when text and graphics appear side by side.

Display start position Display start position
setin GHP and GVP setin GHP and GVP

16 plerS*\ \ 16 plerS*\
16 18
p|><e|[ pixels
A. Standard Mode (16W x 16H) B. Extended Mode (16W x 18H)

Figure 7-3 Graphic Tiles in Standard and Extended Modes
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7.7

Display Setup Examples

7.7.1 Setting Up the Graphics Layer

This section shows how to set up the graphics display data in the VRAM.

B Reqgister settings
RAMEND (x'007F04’) = x’'80FF’ (Graphics RAM end address: x’980F’)

(GIHP = x22', GIHSZ = x'1")
(GIVP = x03", GIVSZ = X'3)

GIHP (X007F16') = X'0822’
GIVP (X007F18’) = x'1803’
0OSD2 (x'007F08’) = x0047’

Table 7-5 Example Graphics VRAM Settings

graphics take priority)

Line No. |RAM Addr. |RAM Data pPata Type Description

1 980E 4000 GTC Graphic tile, GCB = x'0’, GPRT = 0, GTC = x'000’
980C 4255 GTC Graphic tile, GCB = x'0’, GPRT = 1, GTC = x'055’
980A 02AA GTC Blank tile, GCB = x'0’, GPRT = 1, GTC = x'0AA’
9808 4100 GTC Graphic tile, GCB = x'0’, GPRT = 0, GTC = x'100’
9806 Coo04 GHP GHSZ = x’0’, GSHT = 0, GHP = x'04’
9804 C040 GVP GLAST =0, GVSZ = x'0’, GINT = 0, GVP = x40’

2 97E6 4010 GTC Graphic tile, GCB = x'0’, GPRT = 0, GTC = x'010’
97E4 4011 GTC Graphic tile, GCB = x'0’, GPRT = 0, GTC =x'011’
97E2 4012 GTC Graphic tile, GCB = x'0’, GPRT = 0, GTC =x'012’
97E0 4C13 GTC Graphic tile, GCB = x'3’, GPRT = 0, GTC =x'013’
97DE 4214 GTC Graphic tile, GCB = x'0’, GPRT =1, GTC =x'014’
97DC 0815 GTC Blank tile, GCB = x'2', GPRT = 0, GTC = x'015’
97DA 4216 GTC Graphic tile, GCB = x'0’, GPRT =1, GTC = x'016’
97D8 D810 GHP GHSZ = x’3’, GSHT = 0, GHP =x'10’
97D6 C858 GVP GLAST =0, GVSZ =x'1’, GINT = 0, GVP = x'58’

3 97BE 4181 GTC Graphic tile, GCB = x'0’, GPRT = 0, GTC =x'181’
97BC 4382 GTC Graphic tile, GCB = x'0’, GPRT =1, GTC =x'182’
97BA Co044 GHP GHSZ = x’0’, GSHT = 0, GHP = x'44’
97B8 E020 GVP GLAST =1, GVSZ = x'0’, GINT = 0, GVP =x'20’

Notes: 1. Always specify GHP and GVP, in that order, at the end of each line.

Set GINT to 1 in the GVP setting to generate an OSD graphics interrupt.

Set GLAST to 1 in the GVP setting for the last line in the graphics display. Also, set the GVP value to a smaller
value than the position of the current line. (In the example in table 7-5, GVP = x'20’ is smaller than GVP =v'58'.)
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4 TS A )
; ©VP=x3'
HP = x'22° 5 5 Y HSZ= 1 (2¥)
i B i rommooes >
! ! Line 1
E : VSZ=3| GTC=x'000" | GTC = x'055' Blank GTC =x'100'
' ' (6x) Palette 1 Palette 2 Palette 1
VP = x40 ! ;
Line 2
HSZ =0 (1x) \ ;
ZP=x4] 010 | 011 | 012 | 013 | 013 | 013 | 013 | 014 |gi Biank Blank | 016
vSz = | Paletiel| Palette 1| Palette 1| Palette 1 | Palette 1 | Palette 1 | Palette 1| Palette 2 Palette 2
(1x) I
' Repeated tile
VP =x'58"
Line 3 Y HSZ =3 (4x)
o PEx10 . GTC = x181' GTC = x'182
Palette 1 Palette 2
VSz=1
(2x)
Display end
- /
Figure 7-4 Graphics Display Example
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7.7.2 Setting Up the Text Layer
This section shows how to set up the text display data in the VRAM.

B Register settings
RAMEND (x'007F04") = x'80FF’ (Text RAM end address: xX'9FFF’)

CIHP (X007F1A) = x'1020’
CIVP (x'007F1C’) = x'1803’

(CIHP = x'20, CIHSZ = X2’
(CIVP = x'03', CIVSZ = X'3)

0SD3 (X007F0A) = x'0000’ (CAPM = x'0")
Table 7-6 Example Text VRAM Settings
Line No. |RAM Addr. |RAM Data pPata Type Description

1 9FFE 0000 CC Character code = x’000’
9FFC 825A COoL BSHAD = 0, CSHAD =0, FRAME =1, BCOL = x'5’, CCOL = xX'A’
9FFA 0001 CcC Character code = x’001’
9FF8 0002 CcC Character code = x’002’
9FF6 C004 CHP CHSZ =x'0', CSHT =0, CHP =x'04
9FF4 C840 CVP CLAST =0, CVSZ =x'1’, CINT =0, CVP = x40’

2 9FAE 9469 COL BSHAD =2, CSHAD =1, FRAME = 0, BCOL = x'6’, CCOL = x'9’
9FAC 0006 CcC Character code = x'006’
9FAA 0007 CcC Character code = x'007’
9FA8 4012 CCB Repeat character code, CCB = x'2’
9FAG6 9A78 COoL BSHAD = 3, CSHAD =0, FRAME =1, BCOL = x'7’, CCOL =x'8’
9FA4 0008 CC Character code = x’008’
9FA2 4002 CccB Blank, CCB = x'2'
9FAO 0010 CcC Character code = x'010’
9F9E D810 CHP CHSZ =x'3', CSHT =0, CHP =x'10’
9F9C C870 CVP CLAST =0, CVSZ =x'1", CINT =0, CVP = Xx70’

3 9F5E 0300 CcC Character code = x'300’
9F5C 0310 CcC Character code = x'310’
9F5A Co044 CHP CHSZ =x'0’, CSHT =0, CHP = x'44’
9F58 E030 CVP CLAST =1, CVSZ =x'0", CINT =0, CVP = x'30’

Notes: 1. Always specify the color code (COL) or character code (CC) at the beginning of each line. If CC is the first code

(no COL), the foreground (text) color will be color 1 on the palette and the background will be color 2.
Always specify CHP and CVP, in that order, at the end of each line.
A CC code must immediately follow a COL code.

If you repeat a character with the CCB code, precede the CCB code with a CC code and follow it with a COL or
CC code.

Set CINT to 1 in the CVP setting to generate an OSD text interrupt.

Set CLAST to 1 in the CVP setting for the last line in the text display. Also, set the CVP value to a smaller value
than the position of the current line. (In the example in table 7-6, CVP = x'30’ is smaller than CVP =v'70’.)
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The text display starts one dot to
the right of the HP setting.

4 TR A A
; ; VP =x3'
: : ' HSZ=2(3
HP = x'20 : : Y (34
ettt romooos romoTooes >
! ! Line 1
| | CC = x'000' CC =x'001' CC =x'002'
; ! ysz=3| Noshadow No shadow No shadow
' ' (6x) No outline Outline Outline
E : Background col. = 2 Background col. =5 Background col. =5
! ! Text color = 1 Text color = A Text color = A
VP = x'40" ;
Line 2 ; ;
HSZ=0(1x) ¥ ;
CC=006{CC=007|CC=007|CC=007|CC=007|CC=007 |CC=008 CC=010
HP = x'4' |Boxshad.1|Box shad.1{Box shad.1{Same as [Sameas [Sameas |Boxshad.2 Box shad.2
- - - - | Char. shad | Char. shad | Char. shad |left. left. left. outine | Blank Blank Blank Blank [outine
Back col. 6 |Back col. 6|Back col. 6 Back col. 7 Back col. 7
VSZ =1 |Textcol.9 |Textcol. 9 |Textcol. 9 Text col. 8 Text col. 8
(2x) i
VP =x70":
tnes HSZ = 3 (4%)
HP = x10 CC =x'300' CC =x'310'
. ___X __________ > No shadow, no outline No shadow, no outline
Background col. = 2 Background col. = 2
VSZ=1 Text color = 1 Text color = 1
(2x)
Display end
- /
Figure 7-5 Text Display Example
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7.8 VRAM

7.8.1 VRAM Operation

Table 7-7 VRAM Bit Allocation in Internal RAM

Text layer 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 |
cc 0 * * * * | ccHo | ccHs| ccH7| ccHe| ccHy ccH4 ccHB ccHe ccHL cchio
Character code ID code Character address (1024 characters)
COL (normal mode) 0 * [psHAD1[BSHAD] CSHAD| FRAME BLINK| BCOL3] BCOLZ BCOL] BCOL CCOLB CCOLR ccolfl cColo
Color control code ID code Box shadow Sﬁ;‘gg Outline| Blink | Background color (16 colors) Character color (16 colors)
COL (closed-caption mode) 0 & *  |CUNDL[ITALIC FRAME [BLINK BCOL3 |BCOL2 |BCOL1|BCOLO cc0|_3| cc0|_2| ccoq ccoL
Color control code ID code Underling Italics | Outling  Blink Background color (16 colors) Character color (16 colors;
CCB 1 s 5 5 5 5 * | * [ * [eccerF|ccea] ccez| ccBil CCBO
Repeat character/blank code | | 446 'ﬂﬁgf’ Number of blank/char. repetitions
CHP 1 5 CHSle CHSZO| CSHT CHP9| CHPq CHPI] CHFIG CHIF5  CHP4 C!—1P3 CI1-IP2 C|-|P1 gHPO
Character H position control ID code H size Shutte H display start position (1 dot resolution, 1024 steps)
CVP 1 |cLasT|cvszi] cvszd CINT[ CvP9l CVvPd CVP} CVPF CVAs CVR4 CVpP3 CVP2 CJPL CVPO
Character V position control ID code Lif;g”e Vsize | Interrupl V display start position (L H scan line resolution, 1024 steps)
Graphics layer 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
GTC GCBF| GcB3| G6cB2] GCBY] GCBY GPRf GTd8 GT47 GTE6 GTES GTC4 GIC3 GfC2 GfiCl  GTCo
Graphic tile code B'tﬁgk/ Number of blank/tile repetitions ZZ'I‘;? Graphic tile address (512 tiles)
GHP 1 * |eHszi[GHszo| GSHT| GHPY GHP§ GHPf GHH6 GHP5 GHP4 GHP3 GHP2 GHPL GHPO
Graphics H position control ID code H size Shutte H display start position (1 dot resolution, 1024 steps)
GVP 1 |GLAST|Gvszl] GVSZd GINT| GVPY GVP§ GVPY GVPF GVA5 GVR4 GVpP3 GVWpP2 GWPL GYPO
Graphics V position control ID code La;;g”e Vsize | Interrupl V display start position (1 H scan line resolution, 1024 steps)
Don't-care bits
B Text Layer
CC: Character Code ID Code: 00
CCH[9:0]
Specifies the address of one of 1024 characters stored in the ROM.
COL: Color Control Code (Normal Mode) ID Code: 10
BSHAD[1:0]
Specifies shadowing of the character box for a 3D button effect.
00: Disable
01: Disable
10: Upper left white and lower right black shadows
11: Upper left black and lower right white shadows
CSHAD
Specifies character shadowing for a 3D effect.
0: Disable
1: Enable
FRAME
Specifies character outlining (black).
0: Disable
1: Enable
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BLINK
Specifies character blinking.
0: Disable
1. Enable

BCOL[3:0]
Specifies the background color (1 of 16 colors).

CCOL[3:0]
Specifies the foreground (character) color (1 of 16 colors).

COL: Color Control Code (Closed-Caption Mode) ID Code: 10

CUNDL
Specifies underlining.
0: Disable
1. Enable

ITALIC
Specifies italicization.
0: Disable
1: Enable

FRAME
Specifies character outlining (black).
0: Disable
1. Enable

BLINK
Specifies character blinking.
0: Disable
1. Enable

BCOL[3:0]
Specifies the background color (1 of 16 colors).

CCOL[3:0]
Specifies the foreground (character) color (1 of 16 colors).

CCB: Repeat Blank/Character Code ID Code: 01

CCBF
Repeat blank/repeat character select.
0: Repeat blank
1. Repeat character

CCB[3:0]
Specifies the number of times (up to 16) a blank space or character is
repeated. This function saves RAM space by preventing the VRAM
address from incrementing. The program redisplays the preceding charac-
ter code the specified number of times. This increases the limit beyond 38
characters per line.
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(1

In closed-caption mode, only the
b’'00’, b'01’, and b’11’ settings
are available for CVSZ[1:0]. The
b'10’ setting is reserved.

CHP: Character Horizontal Position Control Code ID Code: 11
CHSZ[1:0]
Specifies the H size of the characters on the next line.
00:1 dot =1 VCLK period
01:1 dot = 2 VCLK periods
10: 1 dot = 3 VCLK periods
11:1 dot = 4 VCLK periods

CSHT
Specifies shutter operation for the next line. Setting this bit to 1 disables
the shuttering function. You can disable and enable shuttering on a line-by-
line basis.
0: Enable
1: Disable

CHP[9:0]
Specifies a VCLK indicating the horizontal start position for the next line.
1024 steps are available.

CVP: Character Vertical Position Control Code ID Code: 11

CLAST
Specifies the last line in the internal RAM text layer. This resets the line
pointer for character reads from the internal RAM to the first line.
0: Disable
1: Enable

CVSZ[1:0]
Specifies the V size of the characters on the next line.
00:1 dot =1 H scan line
01:1 dot =2 H scan lines
10:1 dot = 4 H scan lines
11:1 dot = 6 H scan lines

CINT
Specifies an OSD interrupt.
0: Disable
1: Enable

CVP[9:0]
Specifies an H scan line indicating the vertical start position for the next
line. 1024 steps are available.

Graphics Layer
GTC: Graphic Tile Code ID Code: 00
GCBF
Repeat blank/repeat tile select.
0: Repeat blank
1. Repeattile
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GCBI[3:0]
Specifies the number of times (up to 16) a blank or graphic tile is repeated.
GPRT
Specifies graphics color palette 1 or 2.
0: Palette 1
1: Palette 2

GTC[8:0]
Specifies the address of one of 512 graphic tiles stored in the ROM.

GHP: Graphics Horizontal Position Control Code ID Code: 11
GHSZ[1:0]
Specifies the H size of the characters on the next line.
00:1 dot =1 VCLK period
01:1 dot = 2 VCLK periods
10:1 dot = 3 VCLK periods
11:1 dot = 4 VCLK periods

GSHT
Specifies shutter operation for the next line. Setting this bit to 1 disables
the shuttering function. You can disable and enable shuttering on a line-by-
line basis.
0: Enable
1: Disable

GHP[9:0]
Specifies a VCLK indicating the horizontal start position for the next line.
1024 steps are available.

GVP: Graphics Vertical Position Control Code ID Code: 11

GLAST
Specifies the last line in the internal RAM graphics layer. This resets the
line pointer for graphic tile reads from the internal RAM to the first line.
0: Disable
1: Enable

GVSZ[1:0]
Specifies the V size of the tiles on the next line.
00:1 dot =1 H scan line
01:1 dot =2 H scan lines
10:1 dot = 4 H scan lines
11:1 dot = 6 H scan lines

GINT
Specifies an OSD interrupt.
0: Disable
1: Enable

GVP[9:0]
Specifies an H scan line indicating the vertical start position for the next
line. 1024 steps are available.
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7.8.2 VRAM Organization
Graphics RAM Addresses
(When GEXTE = 1)
GRAMEND-40xN+5
Line N data .
GRAMEND-40x(N-1) H GRAMEND-3F
X008000' i crAMEND-a | Unused area
\ GRAMEND-3D
; GRAMEND-3c | Unused area
Program ! GRAMEND-38
Data "7 GRAMEND-40xn+5 ! GRAMEND-3a|  C0de 30
i Line n data ' GRAMEND-2F
and ' GRAMEND-40%(n-1) : GRAMEND-2E Code 29
Stack i :
Area ! '
1 GRAMEND-7B [ i
GRAMEND-40xN+5 - Line 2 data ‘ [ T
GRAMEND-40 Y. GRAMEND-3 Code 2 * H Low-order 8 bits
GRAMEND-3B d GRAMEND-2 Y. of graphics code
. Line 1data | 64 bytes GRAMEND-1 High-order 8 bits
GraphICS _________ GRAMEND L }/ ______ GRAMEND Code 1 %_b_yfe_s_ . of%raphics code
VRAM : } ¥
GRAMEND o
CRAMEND-50xM+1 o
: Text RAM Addresses
" CRAMEND-50xM+1
Line M data
Text CRAMEND-50x(M-1)
VRAM
CRAMEND - CRAMEND-50xm+1 ' : gg:mgzg::z Code 40
E Line m data : CRAMEND-4D Code 39
1 CRAMEND-50x(m-1) ' CRAMEND-4C
) . ' ' CRAMEND-4B
X009FFF ' | crameEND_aa|  C0de 38
E CRAMEND-9F H
! Line 2 data H
E CRAMEND-50 _ _E _____
! CRAMEND-4F CRAMEND-3 H Low-order 8 bits
! Line 1 data | gnp\teg CRAMEND-2 Code 2 }_ o of text code
: Y craMEND-1[ " oo 2 bytes | High-order 8 bits
Lo CRAMEND|[ |y . CRAMEND _f_y _____ of text code
Notes: 1. All addresses are expressed in hex notation. Other values are decimal.
2. GRAMEND: Graphics RAM end address (programmable to any address)
3. CRAMEND: Text RAM end address (programmable to any address)
4. M: Number of lines in the text layer
5. m:1andup
6. N: Number of lines in the graphics layer
7. n:1andup
Figure 7-6 VRAM Organization (When GEXTE = 0)
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GRAMEND-40xN+5
Line N data o
GRAMEND-40x(N-1) H GRAMEND-3F
: GRAMEND-3E Unused area
: GRAMEND-3D
: GRAMEND-3C Unused area
! GRAMEND-3B
GRAMEND-40xn+5 ! GRAMEND-3A Code 30
Line n data ! GRAMEND-2F Code 29
GRAMEND-40%(n-1) ' GRAMEND-2E
GRAMEND-7B :
Line 2 data .
GRAMEND-40 }_ o GRAMEND-3 1 Low-order 8 bits
Code 2 * ! ‘
GRAMEND-3B d GRAMEND-2 A A of graphics code
Line 1data |64 bytes GRAMEND-1 High-order 8 bits
GRAMEND _T _________ GRAMEND Code 1 %T_b_yfe_s_ __ |of graphics code
A.GEXTE=1
GRAMEND-28xN+1
Line N data _
GRAMEND-28x(N-1) H GRAMEND-27
' GRAMEND-26 Code 20
. GRAMEND-25
! GRAMEND-24 Code 19
! GRAMEND-23
GRAMEND-28xn+1 ! GRAMEND-22 Code 18
Line n data '
GRAMEND-28x(n-1) '
GRAMEND-4F : GRAMEND-5
Line 2 data * . GRAMEND-4 Codes | .
GRAMEND-28 Y. GRAMEND-3 Code 2 * E Low-order 8 bits
GRAMEND-27 ) d GRAMEND-2 A A of graphics code
Line 1 data |40 bytes GRAMEND-1 High-order 8 bits
GRAMEND _? _________ GRAMEND Code 1 %fb_yfs_ __ Lof graphics code
B. GEXTE=0
Figure 7-7 Graphics VRAM Organization for Two Modes
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7.8.3 Cautions about the number of display code set to VRAM
When the display lines are adjoined or overlapped, and the number of the above
display code is extremely fewer than that of the below one, first line of the
display line may not be output correctly.

In OSD circuit, font data to display are read from ROM and stored to the buffer.
The data in the buffer are overwritten, after the present display code is output, to
the display data of the next line.

Show the example when the display lines are adjoined. The number of the
display code in the above line (line M) is reffered to n, and that of the below one
(line M+1) is refferred N.

The buffer holds n display data of the last line of line M at the time of A (see
figure below), and the data in the buffer are overwritten to the display data of the
first line of line M+1 as time goes by. At the time of B the buffer holds n display
data of the first line of line M+1.

In case n is smaller than N, N-n display data are needed to display the first line of
line M+1, and to be written to the buffer before it is shown on the display.

Especially when n is extremely smaller than N, a large amount of the display data
is needed to be written to the buffer before display. And in case writing is not
done in time, it shows wrong data on the screen.

HSYNC I_I I_I |_|_

I line M last line I I line M+1 last line |

displa ? the number of the nUmbEr of
pay display code:n display code:N

Buffer line M+1 first line line M+1 first line line M+1 second line
data write n data write N-n data write N

Figure 7-8 Timing for OSD data

To prevent the wrong display written above, the first line of the below line is to
be shown later enough after the last line of the above line is displayed.

The time (Td) needed for the correct display is caluculated as below.
Td=0.8+ (N-nXO0.5[us]
n : the number of display code in the above line. (include HP, VP)

N: the number of display code in the below line. (include HP, VP)
n<N

MN102H75K/F75K/85K/F85K LSI User Manual Panasonic Semiconductor Development Company
171

Panasonic



On-Screen Display

ROM
7.9.1 ROM Organization
Text ROM Addresses Text character
Each character requires 36 bytes. [ 16bis 1/ Line 1
«—Line 2
~~Line 3
18 bits
X080000
e . . -—Line 18
: CROMEND-24x(M+1)+1 Code M '
j cRoMEND-24 | tEXtdata Bit 15 Bit 0
' E 777 croweno2s[ Lnetbis7wo | )
E H CROMEND-22 | Line 1 bits 15 to 8
' . i CROMEND-21 | Line 2 bits 710 0
Program | oo Code m : CROMEND-20 | Line 2 bits 15to 8
Data i cROMEND2axm | tEXT DAt ! eer
Area ' ' CROMEND-1F | Line 3 hits 7to 0
! 36 bytes
; CROMEND=47 [~ 40 1 i
' text data } '
! CROMEND-24 o
2 CROMEDZ - Code 00 | o0 ytos  CROVEND-LILine 18bis 7100 '3
crROMEND-2ee| crowenp | (Stdata | 7T CROMEND |Line 18 bits 15t0 8| 1 byte _
Text !
ROM 1
: Graphics ROM Addresses Graphics tile (16-color mode)
CROMEND o , .
) ‘«— 16 bits —| Line 1
In 16.—C0|OI’ mode, each tile ,:Wﬁune >
requires 128 bytes. Pes S ~~Line 3
. [ Shoat 2
GROMEND-80x(N+1)+1 | ‘ AR EIEY
] eet
' (16-color mode) «— Line 16
Graphics "7 GROMEND-80x(N+1)+1 1dot = 4 bits
ROM Code N =16 colors
graphics data
GROMEND-80XN )
GROMEND -- . Bit 15 Bit 0
! (16-color mode)
| - """""  GROMEND-7F -
| GROMEND-80x(1+1)+1 Code n : Line 1 data
! A | GROMEND-78
! graphics data ' GROMEND-77 Line 2 dat
! GROMEND-80xn ! GromEnD-70 | < %4t
' ' GROMEND-6F N -
; ' Line 3 data . (16-color mode)
, E CROMEND-& ! GROMEND-7[ Sheet1bits 7to0
1 ' ! GROMEND-6 | Sheet 1 bits 1510 8
H GROMEND-FF ' | GROMEND-5 | Sheet2bits7t0 0
! Code 01 : ! GROMEND-4 | Sheet 2 bits 15t0 8
! graphics data ' | -
' GROMEND-80 o GROMEND-10 1 GROMEND-3 | Sheet3bits 7t0 0
; GROMEND-TF GROMEND-OF Line 15 data ‘ ! GROMEND-2 | Sheet3hits 15t08
H gri)%?gs%%ta 128 bytes SESMENB:S‘; ~--' " GROMEND-1 | Sheet 4 bits 7 to 0 }_ :
o croveno | |y crovenp |_Line 16 data | 8 BYIS groyenp [sheet4bits 15108 1 byte

Notes: 1. All addresses are expressed in hex notation. Other values are decimal.
GROMEND: Graphics ROM end address (programmable to any address)
CROMEND: Text ROM end address (programmable to any address)

M: Number of characters - 1

m: 0 and up

N: Number of graphic tiles - 1 (16-color mode)

n: 0 and up

Nookrwd

Figure 7-9 ROM Organization
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7.9.2 Graphics ROM Organization in Different Color Modes
The graphics layer supports up to sixteen colors, in the 16-color mode, but also
supports 2-, 4-, and 8-color modes. The smaller the number of colors, the less
ROM area required per tile. The figures in this section illustrate the ROM organi-
zation for each color mode.
The example in figure 7-10 demonstrates the graphics ROM setup for line 16 of
the code 00 data when the graphics layer is in 16-color mode. The four bits of
data for each pixel, in sheets 1, 2, 3, and 4, determine the color palette used for
that pixel.
Graphics tile
;ui 16bis %; Line 1
e i Line 2
‘S‘h‘ ‘e‘t: Line 3
T Sheet ol
Sheet 13HHH
e« Line 16
1dot =4 bits CHH
=16 colors H
In this example, line 16 of the code 00
4 [ graphics tile is set in 16-color mode.
Bit 15 Bit0
(16-color mode)
Line 1 data
Line 2 data (Setup example)
. (16-color mode)
Line 3 data -
! GROMEND-7[ Sheet 1bits 7100 1010 1010
' GROMEND-6 | Sheet 1 bits 15t0 8 0000 0000
3 GROMEND-5 | Sheet 2 bits 7 to 0 1100 1100
' GROMEND-4 | Sheet 2 bits 15t0 8 0000 0000
! CROMEND-3| Sheet3bits 7100 1111 0000
Line 15 data # ! GROMEND-2 [ Sheet3bits 15108 0000 0000
- <--' GROMEND-1| Sheet4bits7t00 }” 0000 0000
Line 16 data | 8 bytes grovenp |sheetabis15108| 1 byte 0000 0000
——— Use graphics palette 7 Q
— Use graphics palette 6
— Use graphics palette 5
— Use graphics palette 4
—— Use graphics palette 3
—— Use graphics palette 2
Use graphics palette 1
—— Use graphics palette 0
Graphics tile
Line 1
Line 2
Line 3
eo|eolo(eo|0/e|®| Line 16
Bile Bit0
Figure 7-10 Graphics ROM Setup Example for a Single Line
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Graphic Tile Codes
2 colors 4 colors 8 colors 16 colors
ROMEND-8ON+L |\ g _ g N x4/3 -1 N-1 Nisa
Nx2-1 multiple of 3.
03
04
_____ 06+ - -~ ]

ROMEND-180 oc
ROMEND-160 A (1T e LT
ROMEND-140 0A o ?_3 ___________ 02-----
ROMEND-120 0 | 04 -----}b——————d e
ROMEND-100 % |

ROMEND-EO o1 03:----- ______0_2_ ___________________
ROMEND-CO 6 1 1 01 -----

ROMEND-AQ L (1 e LT

ROMEND-80 04 ____..O.l ...........
ROMEND-60 e | oY S E— R

ROMEND-40 2 00----- 128 bytes
ROMEND-20 oo | O ===== ______o_o_ ___________________ l

ROMEND ©
Requiredbytes 3 ytes 64 bytes 96 bytes 128 bytes

per tile

vy ¥ 3 I

See fig.7-15 See fig.7-14 See fig.7-13 See fig.7-12

Figure 7-11 Graphics ROM in the Four Color Modes (16W x 16H Tiles)
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ROMEND-90xN+1

ROMEND-1B0
ROMEND-18C
ROMEND-168
ROMEND-144
ROMEND-120
ROMEND-FC
ROMEND-D8
ROMEND-B4
ROMEND-90
ROMEND-6C
ROMEND-48
ROMEND-24
ROMEND

Required bytes
per tile

Graphic Tile Codes

Nisa
multiple of 3.

2 colors 4 colors 8 colors 16 colors
Nx4-1 N x4/3-1 N-1
Nx2-1
03
04
..... 06.--.-- e
oc
0B
..... 05.--.-- e
0A 03
.................. 02---.-
09
..... 04...... e m -
08
07 02
..... 03.--.-- e
06
..... 01,--.--
05
..... 02.--.-- e
04 01
03
..... 01.--.-- e m i — -
02
.................. 00---.-
01 00
..... 00...... |
00
36 bytes 72 bytes 108 bytes 144 bytes

vy ¥ 3 I

See fig.7-19 See fig.7-18 See fig.7-17 See fig.7-16

Figure 7-12 Graphics ROM in the Four Color Modes (16W x 18H Tiles)
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[ ROMEND-7F R : . :
ROMEND-T3 Line 1 data ——16bits 4"/ Line 1
ROMEND-77 [ Graphics tile .l"ngtLi”e 2
ROMEND-70 Line 2 data (16-color mode) Sheet Line 3
ROMEND-6F R RGB!

Line 3 data . Sheet
9 | ROMEND-68 ; T —— )
Q| ROMEND-67 : ROMEND-7 | Sheet 1 bits 7to 0
B ' ROMEND-6 | Sheet 1 bits 15 to 8 REREMRERENARRENEEEE o Line 16
! I
© ! s i H
N i ROMEND-5 | Sheet 2 l?ns 7100 1 dot =4 bits g
. ROMEND-4 | Sheet 2 bits 15to 8 =16 colors H
i im]
ROMEND-10 i ROMEND-3 | Sheet 3 bits 7to 0
ROMEND-0F Line 15 data { i ROMEND-2 | Sheet 3 bits 15t0 8 [
ESMENB-*&? - ROMEND-1 | Sheet 4 bits 7 to 0 Bit 15 Bit 0
rowenp| Line 16 data ?}yt’eisﬂ ROMEND | Sheet 4 bits 15t08| 1 byte

—

Figure 7-13 Graphics ROM Organization in 16-Color Mode (16W x 16H Tiles)

[ ROMEND-5F

ROMEND-5A
ROMEND-59

ROMEND-54
ROMEND-53

ROMEND-4E
ROMEND-4D

96 bytes

ROMEND-1C
ROMEND-1B

ROMEND-06
ROMEND-05

ROMEND

— 16 bits —»

Line 1 data
Line 2 data
Line 3 data

i” ) ROMEND-5

: ROMEND-4

: ROMEND-3

Line 15 data ¢ i ROMEND-2

e ROMEND-1

Line 16 data | 6 bytes  govenp

Graphics tile !
(8-00?0r mode) ‘ Sheet ol II::E: ;
e t E\ Line 3
heet H E
Sheet 1 bits 7to 0 1 dot = 3 bits g He— Line 16
Sheet 1 bits 15t0 8 =8 colors |
Sheet 2 bits 7t0 0 -
Sheet 2 bits 15t0 8
Sheet 3 bits 7to 0 ¢ Bit 15 Bit 0
Sheet 3bits 15108 | 1 byte

Figure 7-14 Graphics ROM Organization in 8-Color Mode (16W x 16H Tiles)

[ ROMEND-3F

ROMEND-3C
ROMEND-3B

ROMEND-38
ROMEND-37

ROMEND-34
ROMEND-33

64 bytes

ROMEND-08
ROMEND-07

ROMEND-04
ROMEND-03

ROMEND

Graphics tile

(4-color mode) +— 16 bits —

Line 1 data
Line 2 data
Line 3 data
‘:7 o ROMEND-3
Line 15 data ¢ ! ROMEND-2
Lol ROMEND-1
Line 16 data | 4 bytes  grouend

i e Line 1
,V’WSWEI «—Line 2
. ™ Line 3
eet |
1dot =2 bits g
=4 colors HeLine 16
Sheet 1 bits 7 to 0
Sheet 1 hits 15t0 8
Sheet 2 hits 7 to 0 { Bit 15 Bit0
Sheet2bits 15t0 8 [ 1 byte

Figure 7-15 Graphics ROM Organization in 4-Color Mode (16W x 16H Tiles)

[ ROMEND-1F

ROMEND-1E
ROMEND-1D

ROMEND-1C
ROMEND-1B

ROMEND-1A
ROMEND-19

32 bytes

ROMEND-04
ROMEND-03

ROMEND-02
ROMEND-01

ROMEND

Line 1 data

Line 2 data

Line 3 data

Line 15 data ¢

Line 16 data

ROMEND-1| Sheet1bits 7t00 | ¢
ROMEND [ Sheet 1 bits 15t0 8| 1 byte

Graphics tile
(2-color mode)
—16bits—»
; e LNe 1
<—Line 2
T~Line 3
1dot =1 bit
=2 colors
* ~—Line 16
Bit 15 Bit 0

Figure 7-16 Graphics ROM Organization in 2-Color Mode (16W x 16H Tiles)
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[ ROMEND-8F

Line 1 data
ROMEND-88
ROMEND-87 .
Line 2 data
ROMEND-80
ROMEND-7F [
Line 3 data
0 ROMEND-78
Q| ROMEND-77
>
e}
<
<
—
ROMEND-10
ROMEND-OF [
Line 17 data
ROMEND-08
ROMEND-07 [
Line 18 data
ROMEND

!

8 bytes

ROMEND-7

Sheet 1 bits 7t0 0

ROMEND-6

Sheet 1 bits 15t0 8

ROMEND-5

Sheet 2 bits 7t0 0

ROMEND-4

Sheet 2 bits 15t0 8

ROMEND-3

Sheet 3 bits 7t0 0

ROMEND-2

Sheet 3 bits 15t0 8

ROMEND-1

Sheet 4 bits 7 to 0

ROMEND

Sheet 4 bits 15t0 8

Graphics tile
(16-color mode)

,l‘ﬁi,tﬁ:ﬁ;ﬁsheep

~— 16 bits —»

i Line1

,lﬁﬁiﬁﬁisheel‘

~~Line 3

ee

1 dot =4 bits

=16 colors

Bit 15

Bit0

-—Line 18

Figure 7-17 Graphics ROM Organization in 16-Color Mode (16W x 18H Tiles)

[ ROMEND-6B
ROMEND-66

Line 1 data

ROMEND-65
ROMEND-60

Line 2 data

ROMEND-5F R
Line 3 data
ROMEND-5A

ROMEND-59

108 bytes

ROMEND-1C

ROMEND-1B
ROMEND-06

Line 17 data

ROMEND-05

ROMEND Line 18 data

Graphics tile

ROMEND-5

Sheet 1 bits 7to 0

ROMEND-4

Sheet 1 bits 15t0 8

ROMEND-3

Sheet 2 bits 7t0 0

ROMEND-2

Sheet 2 bits 15t0 8

ROMEND-1

Sheet 3 bits 7t0 0

ROMEND

— 16 bits —»

| | Line 1
(8-color mode) Sheet < Line 2
T Line 3
Sheet, | !
heet 13HH
1 dot = 3 bits H
=8 colors - H«—Line 18
,{ - Bit 15 Bit 0
1 byte

Sheet 3 bits 1510 8

Figure 7-18 Graphics ROM Organization in 8-Color Mode (16W x 18H Tiles)

[ ROMEND-47

ROMEND-44
ROMEND-43

ROMEND-40
ROMEND-3F

ROMEND-3C
ROMEND-3B

72 bytes

ROMEND-08
ROMEND-07

ROMEND-04
ROMEND-03

ROMEND

Line 1 data

Line 2 data

Line 3 data

Line 17 data

Graphics tile
(4-color mode)

~— 16 bits —»

Line 18 data

e o LN L
Sheet 2]=— Line 2
H™ Line 3
Sheet H
1dot =2 bits H
. =4 colors H
' ROMEND-3 | Sheet 1 bits 7 to 0 He— Line 18
{ ! ROMEND-2 [ Sheet 1 bits 15108
X0 RomenD-1| Sheet2bits7to0 ¢ ) 1
4bytes  povenp [ Sheet 2 bits 15108 | 1 byte Bit15 Bito

Figure 7-19 Graphics ROM Organization in 4-Color Mode (16W x 18H Tiles)

[ ROMEND-23

ROMEND-22
ROMEND-21

ROMEND-20
ROMEND-1F

ROMEND-1E
ROMEND-1D

36 bytes

ROMEND-04
ROMEND-03

ROMEND-02
ROMEND-01

ROMEND

Line 1 data

Line 2 data

Line 3 data

Line 17 data

Line 18 data

Graphics tile
(2-color mode)
=— 16 bits —»=! .
| Line 1
Sheet 1]=«—Line 2
“~Line 3
1dot =1 bit
=2 colors
~—Line 18
Bit 15 Bit0

Figure 7-20 Graphics ROM Organization in 2-Color Mode (16W x 18H Tiles)
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7.10 Setting Up the OSD

7.10.1

Setting Up the OSD Display Colors

This section describes how to set up the display colors for the OSD.

B Tosetup

the color palettes:

Write your settings to the color palette registers shown in table 7-8.

Table 7-8 Color Palette Registers
Layer Palette Address Applications
Text CPTO-CPTF x'007F80'— Text foreground and background colors
X'007F9E’
All layers COLB X'007FAQ’ Color background
Text FRAME X'007FA2’ Outlining and character shadowing colors
BBSHD X'007FA4’ Box shadowing color (black)
WBSHD x'007FA6’ Box shadowing color (white)
Graphics, GPT10- X'007FCO'- Tile color palette 1
cursor GPT1F x'007FDE’
GPT20- X'007FEQ'— Tile color palette 2
GPT2F X'007FFE’

m  Tosetup
Write to

the cursor display colors:
the fields described below.

¢ GCOL[1:0] (x007F08', bits 9 and 8) sets the number of colors (2, 4, 8, or 16).

¢ STC[8:0] (x007F10’, bits 8 to 0) specifies the code of the tile to be displayed.

¢ SPRT (x'007F10’, bit 9) selects tile color palette 1 or 2.

¢

GPT1n (x007FCO'—x'007FDE) 0iGPT2n (x007FEQ'—x'007FFE) speci-

fies the colors on the palettes corresponding to the tile data stored in the ROM.

B Tosetup
Write to

¢

¢

the graphics display colors:
the fields described below.

GCOL[1:0] (x¥007F08’, bits 9 and 8) sets the number of colors (2, 4, 8, or 16).

GTC[8:0] (GTC bits 8 to 0 in the RAM data) specifies the code of the
tile to be displayed.

GPRT (GTC bit 9 in the RAM data) selects tile color palette 1 or 2.

GPT1n (X007FCO0'-x'007FDE) 0GP T2n (X007FE0'-x'007FFE) speci-
fies the colors on the palettes corresponding to the tile data stored in the ROM.

Panasonic Semiconductor Developmen

t Company MN2102H75K/F75K/85K/F85K LSI User Manual
178

Panasonic



On-Screen Display
Setting Up the OSD

®  To set up the text display colors:
Write to the fields described below.
¢ CCOLJ[3:0] (COL hits 3 to 0 in the RAM data) sets the color of the charac-
ter. This value is in reference to the selected color palette (CPTO—CPTF).
¢ BCOLJ[3:0] (COL hits 7 to 4 in the RAM data) sets the background color.
As with CCOL, this value is in reference to the selected color palette
(CPTO-CPTF).
¢+ FRAME (COL bit 9 in the RAM data) enables character outlining when
set to 1. Set the outline color in the FRAME color palette (X007FA2’).
¢ CSHAD (COL bit 10 in the RAM data) enables character shadowing when
set to 1. Set the shadowing color in the FRAME color palette (xX007FA2’).
This function is unavailable in the closed-caption mode.
¢ BSHAD[1:0] (COL bits 12 to 11 in the RAM data) enables character box
shadowing. This function is unavailable in the closed-caption mode.
00 and 01: No box shadowing
10: Upper left white and lower right black shadows
11: Upper left black and lower right white shadows
¢ CPTO-CPTF (x¥007F80'-x'007F9E") specifies the colors available for
text foreground and background colors.
¢+ FRAME (X'007FA2") specifies the color for outlining or character shadowing.
¢ BBSHD (x'007FA4’) specifies the “black” color for box shadowing.
¢ WBSHD (x'007FA6’) specifies the “white” color for box shadowing.
B To set up functions applying to all layers:
Write to the fields described below.
Color background function
The color background function allows you to fill the television screen areas that
are uncovered by the OSD display (text, graphics, or cursor layers) with any
color. Specify the color in the COLB register (x’007FAQ’).
¢ COLB (x’'007F08', bit 7) enables the color background function when set to 1.
¢ COLB (x'007FAQ") specifies the color of the background.
Transparency
The TRPT bit allows you to make the color O transparent in all the palettes (CPTO,
GPT10, and GPT20). RGB, YM, and YS are all output at O levels for that color. See
figure 7-21.
¢ TRPT (X007F08’, bit 10)
0: Make color 0 on all palettes transparent
1: Output color 0 as specified
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(1

Selecting YS palette output, by
setting the YSPLT bit of OSD1
(x'007F06’) to 1, disables the
PRYM bit. With this setting, you
must also set the TRPT and
TRPTF bits to 1. You can specify
transparency for individual color
palettes if needed.

Translucency

The TRPTF bit allows you to make the color 15 translucent in all the palettes (CPTF,
GPT1F, and GPT2F). RGB and YS are output at low levels for that color, and YM is
output at the level specified for the palette. This dims the color on the display. See
figure 7-21.

¢ TRPTF (X007F08, bit 10)
0: Make color 15 on all palettes translucent
1: Output color 15 as specified

The PRYM bit allows you to make specific regions of the OSD display trans-
lucent. This bit is disabled when the YSPLT bit is 1.

¢ PRYM (x’'007F08’, bit 12)
0: Output YS high on all OSD display areas
1: Output YS low on OSD display areas that do not have low YM output

YS palette output
The YSPLT bit allows you to control the YS output. See figure 7-22.

¢ YSPLT (x'007F06’, bit 3)
0: Output YS to entire display area (except transparent and
translucent areas)
1: Output the MSB (bit 15) of all the color palettes from YS

Analog/digital output
The YCNT and RGBC bits allow you to select 16-bit gradient, analog or digital
output through the four OSD output pins, R, G, B, and YM.

¢ YCNT (x'007F06’, bit 1)
0: Analog YM output
1: Digital YM output (outputs bit 12 of color palette)

¢ RGBC (X007F06', bit 0)
0: Analog R, G, B output
1: Digital R, G, B output (outputs bits 0 (R), 4 (G), and 8 (B) of color palette)

Table 7-9 summarizes the controls for RGM, YM, and YS output.
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Table 7-9 RGB, YM, and YS Output Control Settings

Waveform in
YSPLT | PRYM | TPRT | TRPTF RGB YM YS figure 7-21
0 0 0 0 Color palettes 0 and F Color palettes 0 and F Color palettes 0 and F 0
output low output low output low
0 0 0 1 Color palette 0 output low Color palette 0 output low Color palette 0 output low 0
0 0 1 0 Color palette F output low Color palette F output low Color palette F output low 0
0 0 1 1 — — — 0
0 1 0 0 Color palettes 0 and F Color palettes 0 and F Color palettes 0 and F 0
output low output low output low when YM # low
0 1 0 1 Color palette 0 output low Color palette 0 output low Color palettes 0 output low 0
when YM # low
0 1 1 0 Color palette F output low Color palette F output low Color palettes F output low O
when YM # low

0 1 1 1 — — Output low when YM # low O
1 0 0 0 Reserved — —

1 0 0 1 Reserved — —

1 0 1 0 Reserved — YM3 output

1 0 1 1 — — 0
1 1 0 0 Reserved — —

1 1 0 1 Reserved — —

1 1 1 0 Reserved — —

1 1 1 1 — — YMS3 output O
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Graphics layer

Color palette 2 (YM3 = 0, YM2 = 0, YM1 = 0, YMO = 0)
Color palette 0 (YM3 =0, YM2 =0, YM1=0,YMO =1)
Color palette 1 (YM3 = 1, YM2 = 0, YM1 = 0, YMO = 1)

— —‘ RGB, YM, and YS signals are displayed at this line. ‘

Color palette F(YM3=1,YM2=0,YM1=0,YMO =1)

Signal specified in
color palette O is output.

0
RGB --
YM
YS --
]
RGB --
YM -
YS --
0
RGB -
YM _.
YS --
0
RGB --
]
Figure 7-21 OSD Signal Waveform
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Color palette

Bitl5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Fkk *kk ok Fkk Fkk *kk Fkk *okk ok Fkk Fkk *kk *kk K*kk Kok Fokok

YM3] YM2 | YML[YMO| B3 B2 BlL) BO | G3|G|[GL|GO| R3 R2 RL RO
4 | 4 4 4
Digital input YM B G R
Internal DAC
YM B G R
Anaog output
RGBCNT
(X007F06', bit 1)
Output YSto entire O
OD display area RGB
(except transparert ONT
and semitransparent
aress). O / O
RCGB 0O
CNT
o O[O
YSPIT YONT O O
(X007F06', bit 3) (X007FO6' bit 0)
NV NN N Topins
YS YM B G R

Figure 7-22 OSD Signal Output Switches
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7.10.2 Text Layer Functions
This section describes the character enhancement functions available in the text
layer.

® Outlining
In both normal and closed-caption modes, writing a 1 to bit 9 (FRAME) of the
COL setting in the VRAM causes an outline to appear around all characters fol-
lowing that COL. You can specify the color of the outline in the FRAME register
(X’'007FA2’). Figure 7-23 shows an example of character outlining. As shown in
the figure, if a character contains dots in the left or right borders of its field, the
outlining for those dots appear in the adjacent character field.

‘47 16 dots 4’}47 16 dots 4’}47 16 dots 4»{
\

Figure 7-23 Character Outlining Example

m  Character shadowing
In normal mode, writing a 1 to bit 10 (CSHAD) of the COL setting in the VRAM
causes a drop shadow to appear behind all characters following that COL. You
can specify the color of the shadow in the FRAME register (xX’'007FA2’). Figure
7-24 shows an example of character shadowing. As shown in the figure, if a
character contains dots in right border of its field, the shadowing for those dots
appear in the character field to the right.

~———— 16 dots 4>}<7 16 dots 4>}<7 16 dots 4%

Figure 7-24 Character Shadowing Example
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®  Box shadowing
In normal mode, writing a 1 to bit 12 (BSHAD1) of the COL setting in the
VRAM causes a box shadow to appear around all characters following that COL.
If COL bit 11 (BSHADOQO) is 0, the color specified in the WBSHD register
(X’'007FAG’) appears on the top and left sides of the box and the color specified in
the BBSHD register (x’'007FA4’) appears on the bottom and right sides of the
box. These positions are reversed if BSHADO is 1. Figure 7-25 shows an example
of box shadowing. As shown in the figure, the right-hand border of the shadow
box appears in the character field to the right of the shadowed text.

(1

To output a box shadow to the w 16 dots : 16 dots
right, output a space to the right - ‘ ‘
of the text.
BSHADO = 0
3
A
BSHADO = 1
Box shadowing (black) Box shadowing (white)
(Specify the color in BBSHD: x'7FA4’) (Specify the color in WBSHD: xX'7FA6’)
Figure 7-25 Box Shadowing Example
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m  [talicizing
In closed-caption mode, writing a 1 to bit 10 (ITALIC) of the COL setting in the

VRAM italicizes all characters following that COL. Figure 7-26 shows an
example of an italicized character.

m  Underlining
In closed-caption mode, writing a 1 to bit 11 (CUNDL) of the COL setting in the

VRAM underlines all characters following that COL. Figure 7-26 shows an
example of an underlined character.

Italics

26 dots

Caption mode

Figure 7-26 Italicizing and Underlining Example

m  Blinking
In both normal and closed-caption modes, writing a 1 to bit 8 (BLINK) of the

COL setting in the VRAM causes all characters following that COL to blink. To
use this function, you must enable blinking by writing a 1 to bit 5 (BLINK) of the
OSD3 register (xX’007F0A).

In closed-caption mode, you can specify whether or not the underlines blink on
underlined, blinking characters. Set bit 0 (UNDF) of the OSD3 register to 0 to
disable underline blinking, and set it to 1 to enable underline blinking.

The blink cycle lasts for 128 VSYNC pulses (about 2 seconds). The characters
display for 96 VSYNCs (about 1.5 seconds) and turn off for 32 VSYNCs (about

0.5 seconds).
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7.10.3 Display Sizes

m  Graphic tile sizes

b'00’ b'01' b'10' b'11' GHSZ[1:0]

b'10" +

b'11" 1

X
(o2}
. .

GVSZ[1:0]

‘ The settings shown are for interlaced displays. In progressive displays, the vertical size settings (GVSZ[1:0]) are as follows:
01 = 1x, 10 = 2x, and 11 = 3x. The 00 setting is reserved.

Figure 7-27 Graphic Tile Size Combinations
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B Character sizes

b'00' b'01' b'10' b'11' CHSZ[1:0]

16 32 48 64
b'0o' + T 1T 1T 1T 1

E

b'01' + [ AT

b'10" + r

el |

b1l r

CVSZ[1:0]

The settings shown are for interlaced displays. In progressive displays, the vertical size settings (CVSZ[1:0]) are as follows:
01 =1x, 10 = 2%, and 11 = 3x. The 00 setting is reserved. In addition, in closed-caption mode, only the b’00’, b’01’, and b’11’
m settings are available for CVSZ[1:0]. The b’'10’ setting is reserved.

Figure 7-28 Character Size Combinations
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(

When setting up the horizontal
position, you must allow at least
0.8 ps between the end of a line

and the leading edge of HSYNC,

or the display will flicker.

7.10.4 Setting Up the OSD Display Position
This section describes how to control the positioning of the OSD.

To set up the horizontal position:
Cursor

¢ Write the horizontal position of the cursor to the SHP[9:0] field
(X¥007F12).

¢ \Valid range: SHR x'0C’
Graphics

+ Write the horizontal position of the first line in the display to the
GIHP[9:0] field (xX'007F16’).

¢+ Write the position of the second and all following lines in the GHP[9:0]
field of the graphics display RAM data for the preceding line.

¢ Valid ranges: X' 0C< GHP< HP, 5 and X'0C’< GIHP < HPy 4y

¢+ Write the horizontal position of the first line in the display to the
CIHP[9:0] field (xX'007F1A).

¢ Write the position of the second and all following lines in the CHP[9:0]
field of the text display RAM data for the preceding line.

¢ Valid ranges: xX'0C< CHP< HP,,,,xand x’'0C’< CIHP < HP, 4

To set up HP ,,o« €quations, write:
¢ HPyax= (Thsync_ Thw = 0.818)/Tyot = (Nehar, X 16 % Hgy); or

¢ HPpax=1024= (Ngpgr x 16 % Hgp)

Thsyncis the HSYNC cycle, {, is the HSYNC pulse width, ], is the number

of characters in the line including repeated characters and blank spagés, T

the dot clock cycle, andHlis the horizontal size. The HB, limit ensures that

there is at least 0.8 us between the end of a line and the leading edge of HSYNC.

‘. Thsync o
HSYNC :

RGB, YM, YS

Figure 7-29 HP o Of Horizontal Display Position

About the horizontal start position on the screen

The horizontal position, or HP settings (SHP, GHP, and CHP) determine where
the left side of cursor, graphics, and text lines start on the screen. You can set this
value for all of the layers in 1-pixel units.
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(1

When you write new values to
the GIVP and CIVP fields, the
settings take effect on the next
VSYNC pulse. This means that
changes are reflected in the next
display screen rather than the
current one.

To set up the vertical position:
Cursor

+ Write the vertical position of the cursor to the SVP[9:0] field
(X007F14).

¢ Valid range: x'3F0’- (no. of H scan lines} SHP= x’03’

Graphics

¢ Write the vertical position of the first line in the display to the
GIVP[9:0] field (x'007F18").

+ Write the position of the second and all following lines in the GVP[9:0]
field of the graphics display RAM data for the preceding line.

¢ Valid range: x'3F0’- (no. of H scan lines} GIVP/GVP= x'03’

+ Write the vertical position of the first line in the display to the
CIVP[9:0] field (x'007F1C").

¢+ Write the position of the second and all following lines in the CVP[9:0]
field of the text display RAM data for the preceding line.

¢ \Valid ranges: x'3F0- (no. of H scan lines} CIVP/CVP= x'03'

VP range calculation example
The base graphics line height is 16 dots, or H scan lines. If the graphics line you
are positioning displays at 2x the base height, the number of H scan lines is:

16x 2=32=x'20" H scan lines
The valid range of settings for GVP is:
x'3F0’ - x'20' =x'3D0’ = GVP= x'03'
About the vertical start position on the screen
The vertical position, or VP settings (SVP, GVP, and CVP) determine where the
upper edge of cursor, graphics, and text lines start on the screen. You can set this

value for all of the layers in H scan line units. Using the same VP settings for all
the layers makes them all start at the same vertical position.
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(

If you use the OSD function, the
DMA function executes for both
the text and graphics layers,
even if your program does not
use one of these layers. To
prevent error, program data for
the unused layer to meet the
restrictions outlined in section
7.1, “Description,” on page 153.

7.11 DMA and Interrupt Timing
This section describes how the MN102H75K/85K handles the timing of direct
memory access (DMA) transfers of OSD data and OSD interrupts.

DMA

On both the text and graphics layers, the microcontroller reads the line 1 data
from the RAM as it scans line 1 onto the display. For line 2 and following lines, it
reads the data as it scans the display start for the preceding line. The RAM read
starts 12 system clock cycles (i &fter the leading edge of the HSYNC pulse.
The DMA transfer takes 4gfor each display data word.

In line 1, or when a graphics and text line begin simultaneously, the data transfer
requests for both layers occur simultaneously. The text data transfer always takes
priority. The graphics data transfer beging aiter the text data transfer ends.

If a DMA transfer occurs at the same time as the leading edge of a VSYNC pulse,
the screen flickers. To avoid this, do not set a display position in the last line.

Interrupts

For both graphics and text displays, the microcontroller processes the GINT and
CINT interrupt request bits of the display data’s GVP and CVP fields during
DMA transfer. If GINT or CINT is set to 1, when the associated transfer ends
(GVP or CVP transfer) the OSD generates an interrupt request.

Note that if the interrupt bit is set to 1 in the line 1 display data, the interrupt
occurs at the first scan line. If the interrupt bit is set to 1 in the line 2 display data,
the interrupt occurs at the first display line.
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12Ts 4nTs  5Ts  4nTs ) Television Screen+

[ T :
Text DMA |- {Graphics DMAR - - - - - - - -

Scan line 1 —».—{

Text interrupt \Graphics interrupt

Graphics interrupt

phics DMA

Line G1 ——#r---{Gra

Graphic
display

Line C1 ——#+---{ TextDMA |--\---------=--------

e

Text interrupt

Text Text Text
display | display | display

Text
display

Figure 7-30 DMA and Interrupt Timing for the OSD
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7.12 Selecting the OSD Dot Clock

This section describes how to set up the OSD dot clock.

Selecting the clock source

The source for the OSD dot clock is programmable to either the 4-MHz clock
supplied through the OSC1 and OSC2 pins, then multiplied by the PLL circuit to
48 MHz, or a dedicated clock supplied through the OSDXI and OSDXO pins.

The dedicated OSDX clock can be a crystal, LC oscillator, or other form of exci-
tation that is input through the OSDXI pin and synchronized internally to the
HSYNC pulse, or it can be an LC blocking oscillator synchronized to the
HSYNC pulse.

Table 7-10 OSD Dot Clock Source Settings

OSCSEL1 OSCSELO . . . L
(X007F06", bit 9) |(x007F06", bit 8) Oscillator pins Qscillator type requency
0 0 0OSC1, 0ScC2 Crystal + PLL 48-MHz
(with 4-MHz osc.)

0 1 OSDXI, LC blocking 1%
OSDXO oscillator

1 0 OSDXI, Crystal, LC fx
OSDXO oscillator, or

other excitation
1 1 Reserved — —

If your design uses the OSDX clock, set the XIO bit (x’007F06’, bit 7) for the
appropriate frequency.

¢+ XIO
0: Less than 20 MHz
1: Greater than 20 MHz

Selecting the divide-by ratio
There are five divide-by settings available for any of the clocks described above.
Table 7-11 shows the register settings for each ratio.

Table 7-11 OSD Dot Clock Division Settings

(x’00\7/F(::OL8|fzbit 6) (x'oo\;FColélflbit 5) (X’00\7/§0L8|f%it 4) Divide by Ratio
o 0 0 1/4 (12 MHz) @
0 0 1 1/3 (16 MHz) @
0 1 0 1/2 (24 MHz) @
o 1 1 2/3 (32 MHz) @
1 0 0 1/1 (48 MHz)
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved

Notes: 1. This is the frequency with a 48-MHz clock source.
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7.13 Controlling the Shuttering Effect

The MN102H75K/85K OSD achieves a shuttering effect using four pro-
grammable shutters—two vertical and two horizontal. With this feature, you can
shutter any portion of the OSD display, or you can combine shuttering with a
wipe-out effect to create a smooth appearing and disappearing effect.

To prevent flickering and shadows on the display, only write to the registers
during the VSYNC cycle.

7.13.1 Controlling the Shuttered Area

The register settings for the two vertical shutters, VSHTO and VSHT1, and the
two horizontal shutters, HSHTO and HSHT1, control which area of the screen is
shuttered. Table 7-12 shows the register settings required for this function, and
figure 7-31 shows four setup examples.

Table 7-12 Bit Settings for Controlling the Shuttered Area

Function VSHTO Bit VSHT1 Bit HSHTO Bit HSHT1 Bit Description
Shutter enable/disable VSONO VSON1 HSONO HSON1 | 0:Disable shutter (Acts as though there are no
shutter lines.)
1:Enable shutter
Shutter position VSTO00- VST10- HSTO00- HST10- | For vertical shutters, this is the number of H scan
VSTO09 VST19 HSTO09 HST19 lines from the top of the screen. For horizontal
shutters, it is the number of pixels from the left of
the screen.
Shuttering direction VSPO VSP1 HSPO HSP1 0:Shutter below (vertical shutters) or to the right
(horizontal shutters)
1:Shutter above (vertical shutters) or to the left
(horizontal shutters)
Shuttering mode control SHTRAD 0:AND the shuttered areas of all the shutters
(shared bit) 1:0R the shuttered areas of all the shutters
m  Determining the vertical shutter positions (VSTO and VST1)
The top edge of the television screen is x’000’. Each integer higher brings the
shutter position down one H scan line.
m  Determining the horizontal shutter positions (HSTO and HST1)
The left edge of the television screen is x'000’. Each integer higher brings the
shutter position right one pixel. (One pixel, or one dot, is the smallest display unit
in the OSD.)
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VSONO = VSON1 = 1: V shutters 0 and 1 on

HSONO = HSON1 = 1: H shutters 0 and 1 on

VSPO = 0: V shutter 0 shutters below
VSHTO  VSP1 = 1: V shutter 1 shutters above

HSPO = 0: H shutter 0 shutters to the right

HSP1 = 1: H shutter 1 shutters to the left

SHTRAD = 0: All shutters ANDed

VSHT1

Television screen Shuttered region

VSONO = VSONL1 = 1: V shutters 0 and 1 on

HSONO = HSONL1 = 1: H shutters 0 and 1 on

VSPO = 0: V shutter 0 shutters below
VSHTO  VSP1 = 1: V shutter 1 shutters above

HSPO = 0: H shutter 0 shutters to the right

HSP1 = 1: H shutter 1 shutters to the left

SHTRAD =1: All shutters ORed

VSHT1

Television screen

VSONO = VSONL1 = 1: V shutters 0 and 1 on
HSONO = HSONL1 = 1: H shutters 0 and 1 on
VSPO = 1: V shutter 0 shutters above

VSHTO  VSP1 = 0: V shutter 1 shutters below
HSPO = 1: H shutter 0 shutters to the left
HSP1 = 0: H shutter 1 shutters to the right
SHTRAD = 1: All shutters ORed

VSHT1

Television screen

HSHTO HSHT1

' VSONO = 0: V shutter 0 off

i VSONL = 1: V shutter 1 on

i HSONO = HSON1 = 1: H shutters 0 and 1 on
; VSPO = 1: V shutter 0 shutters above

' VSP1 = 0: V shutter 1 shutters below

[ HSPO = 1: H shutter 0 shutters to the left
HSP1 = 0: H shutter 1 shutters to the right
SHTRAD = 1: All shutters ORed

Television screen

Figure 7-31 Shuttered Area Setup Examples
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7.13.2 Controlling Shutter Movement

Enabling the shutter movement function in the registers allows the shuttered area
to expand or contract over time, producing a wipe-in or wipe-out effect. This
allows the OSD display to appear or disappear without an abrupt transition. Table
7-13 shows the register settings required for this function, and figure 7-32 shows
four setup examples. There is no repeat operation for shutter movement, so you
must reset the bits each time.

Table 7-13 Bit Settings for Controlling Shutter Movement

V ShutterO0 | VShutterl | HShutterO | HShutter1
Function Bit Name Bit Name Bit Name Bit Name Description
Shutter movement VSMO VSM1 HSMO HSM1 0: Move shutter
enable/disable 1: Don't move shutter
Shuttering movement VSMPO VSMP1 HSMPO HSMP1 | 0: Move from top to bottom (vertical shutters) or
direction from left to right (horizontal shutters)
1: Move from bottom to top (vertical shutters) or
from right to left (horizontal shutters)
Shuttering movement SHSPO, SHTSP1 00:Move every VSYNC
speed control (shared bits) 01:Move every 2 VSYNCs
10:Move every 3 VSYNCs
11:Move every 4 VSYNCs
®  Considerations for horizontal shutter movement
Do not set the horizontal shutter position (HSTO, HST1) within the following
ranges if you are only moving the horizontal shutter. The shutter cannot move if
you do.
x’000’ to x'003’ and x’3FC’ to x'3FF’
You can set these values if you wish to prevent horizontal shutter movement.
Note that the horizontal shutter position does not affect vertical movement.
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HSHTO HSHT1

VSONO = VSONL1 = 1: V shutters 0 and 1 on
HSONO = HSONL1 = 1: H shutters 0 and 1 on
VSPO = 1: V shutter 0 shutters above

VSHTO VSP1 = 0: V shutter 1 shutters below
HSPO = 1: H shutter 0 shutters to the left
HSP1 = 0: H shutter 1 shutters to the right
SHTRAD = 1: All shutters ORed

VSHT1

Television screen Shuttered region

This example shows V shutter 0 moving downward.
It shutters both the text and the background color in the text layer.

HSHTO HSHT1
/ : : \ VSMO = 1: V shutter 0 movement enabled
H H VSM1 = 0: V shutter 1 movement disabled
: : HSMO = HSM1 = 1: Movement enabled for H shutters 0 and 1
""""" prosssresssssssssssesckesses-oned VSHTO VSMPO = 0: V shutter 0 moves downward
: : SHTSPO = SHTSP1 = 0: Shutter moves 1 HSYNC each VSYNC
--------- e | VSHT1
/ \ You must set OSDREGE = x'1", or the shutters will not
: : move (PCNT2 register, bit 0).
--------- booosssssasasssssesssibieeeiiiid VSHTO
--------- B R VSHT1
VSHTO
VSHT1
Vertical shutter 0 stops x'3FF’ HSYNC lines from the top
of the screen.
VSHT1
VSHTO

Figure 7-32 Shutter Movement Setup Examples
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7.13.3 Controlling Shuttering Effects

Through register settings, you can independently control shuttering for text, text
background, graphics, and color background. You can also output blanks to the
shuttered area.

You cannot shutter the cursor layer.

Table 7-13 shows the register settings required for these effects. There are three
types of shuttering—shuttering of text, text background, and graphics, shuttering
of the color background, and shutter blanking. The sections below describe how
to control each of these.

Table 7-14 Bit Settings for Controlling Shuttering Effects

Function Bit Name Description
Text shuttering CCSHT | 0: Shutter text-layer characters
1: Don't shutter text-layer characters
Text background BCSHT | 0: Shutter text-layer background
shuttering 1: Don't shutter text-layer background
Graphics shuttering GSHT 0: Shutter graphics layer
1: Don't shutter graphics layer
Color background COLBSHT | 0: Shutter color background
shuttering 1: Don't shutter color background
Shutter blanking SHTBLK | 0: Don't output blanks to the shuttered area
1: Output blanks to the shuttered area

Do not allow the horizontal shut-
tering boundaries to overlap any
italicized portion of a closed-
caption display. This distorts the
italicized characters.

To shutter text-layer characters, text-layer background, and graphics layer:

Text
Set the text shutter control bit, CCSHT, of the shutter control register, SHTC
(X¥007F28) to 1.

Text background
Set the text background shutter control bit, BCSHT, of SHTC to 1.

Graphics
Set the text background shutter control bit, GSHT, of SHTC to 1.

Figure 7-33 shows three setup examples of text-layer shuttering.
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CCSHT = 0: Shuttering of text foreground disabled

VSHTO BCSHT = 0: Shuttering of text background disabled

VSHT1

Shuttered region

CCSHT = 1: Shuttering of text foreground enabled

__________ rr VSHTO BCSHT = 0: Shuttering of text background disabled

---------- R VSHT1

CCSHT = 0: Shuttering of text foreground disabled
BCSHT = 1: Shuttering of text background enabled

""""" prrmmissimmmmmmessmesste VSHTL T text background disappears, leaving only

the characters visible.

Television screen

Figure 7-33 Text-Layer Shuttering Setup Examples

®  To shutter the color background:

Set the color background shutter control bit, COLBSHT, of the shutter control

register, SHTC (x’'007F28") to 1.

This function exists only when the program enables a color background. It allows

you to limit the area covered by the color background.

B To blank out the shuttered area:
Set the shutter blanking control bit, SHTBLK, of SHTC to 1.

Shutter blanking outputs black to the entire shuttered area. To output blanking to
a display that uses a color background, enable the color background shutter
(COLBSHT = 1) so that the color background will also be blanked in the

shuttered area. Figure 7-34 shows two setup examples.
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HSHTO HSHT1

CCSHT = 0: Shuttering of text disabled
BCSHT = 0: Shuttering of text background disabled

VSHTO SHTBLK = 1: Shuttered area is blank
VSHT1
Television screen Shuttered area

Shuttered area is blank (black).

HSHTO HSHT1 Color background

CCSHT = 0: Shuttering of text disabled

BCSHT = 0: Shuttering of text background disabled
SHTBLK = 1: Shuttered area is blank

COLBSHT = 1: Color background is shuttered

---------- fesmmeesnseeseeen b | VSHTO

------------------------------- tesoanoeed  VSHTL

Television screen

Figure 7-34 Shutter Blanking Setup Examples

7.13.4 Controlling Line Shuttering
It is possible to cancel shuttering of individual lines on the text and graphics
layers so that they will be displayed on both shuttered and non-shuttered regions.

To disable shuttering on the next line:
Set the GSHT bit (bit 10 of GHP in the RAM data) and/or the CSHT bit (bit 10 of
CHP in the RAM data) to 1.

To disable shuttering on the first line:
Set the GISHT bit of the GIHP register (x’007F16’) and/or the CISHT bit of the
CIHP register (x¥’007F14") to 1.

Figure 7-35 shows a setup example for the text layer.

Line 1: CISHT =1 — ABCDEFG -¢——— Shuttering
effect

Line 2: CSHT =0 —{EFG

Line:csHT=0 —af |

Line 4: CSHT =1 ——f ABCDEFG

Television screen

Figure 7-35 Line Shuttering Setup Example
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7.14 Field Detection Circuit

7.14.1 Block Diagram

HSYNC

Database

- R f
Slyslkem > Divide » Upper 4 bits 4
cloc by 3 7-bit counter ‘
X'007FOE’ EVOD (FREG[13:10])
VSYNC Y
leading —e—®| T-FF b—i >0—4 LOADN1 4
edge detection ) > D-FF x4 (N1)
X'007FOE’ EVOD (FREG[23:20])
\ ) LOADNZ | D-FF x 4 (N2) 4
4 4
N2CNT NICNT
Vertical display \A A
controller EOMON
>
»
i > Comparator  EosEL | _
-t >
FRMON |
>

Figure 7-36 Field Detection Circuit Block Diagram

7.14.2 Description

The 7-bit field counter in this block resets every HSYNC interval to count the
system clock. At each VSYNC interval, the 4 MSBs of the 7-bit counter are alter-
nately loaded (made readable) to bits 7 to 4 (N2) and 3 to 0 (N1) of the EVOD
register (X’007FOE’). The comparator compares the N1 and N2 values and
outputs the results to the EOMON bit of EVOD. The OSD identifies the field that
sets EOMON to 1 as the display start field. Table 7-15 shows the criteria that the
comparator uses.

By reading the FRMON bit of EVOD, the OSD can determine which register the
4 MSBs will load to on the next VSYNC input.

To ensure that the display starts at the right field, you must also set the EOSEL
bit of EVOD so that EOMON becomes 1 at the display start field.

T T

Field counter value ;
oV
Load value to FREG2

_

VSYNC

HSYNC

FRMON

Figure 7-37 Field Detection Timing
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Table 7-15 EOMON Output Criteria

EOMON Output
FRMON N1, N2 Relationship
EOSEL =0 EOSEL =1

0 N1 > N2 0 1

Load to N2 next N1 < N2 1 0
N1 = N2 Complement previous | Complement previous

1 N1 > N2 1 0

Load to N1 next N1 < N2 o 1
N1 = N2 Complement previous | Complement previous

7.14.3 Considerations for Interlaced Displays

B Switching the display start field
The OSD is constructed so the display start position is the field (field 1) where
the EOMON bit is 1. However, interlaced displays may require that the start
position be a field (field 2) where the EOMON bit is 0. In this case, merely com-
plementing the EOSEL bit will not result in a correct display. You must set the
following two bits to have the display start at field 2.

¢ CANH (x'007F0A, bit 4): Set to 1.
0: Normal display
1: Slide the field 1 display position down 1 line

¢ EOSEL (x’007FOE’, bit 10): Complement the value EOSEL has for
field 1 in a normal display.

m  Scrolling in the closed-caption mode
To implement text-layer scrolling in the closed-caption mode, the program must

constantly switch the text display fields. This can cause the text lines to display
incorrectly. To prevent this, set the following bits to fix the text lines to the even
or odd field characters while scrolling.

¢ BFLD (X’007FO0A, bit 2): Set to 1 to enable scrolling.
0: Normal display
1: Display the same characters in fields 1 and 2

¢ EONL (X’'007FOA, bit 3): Setto 0 or 1.
0: Fix to characters in field 1
1: Fix to characters in field 2
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7.15 OSD Registers
All registers in OSD block cannot be written by byte (by word only). Read by
byte is possible.

CROMEND: Text ROM End Address Register x'007F00’

Bit: 15

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

— — — — — Al7 | Al6 | Al15 | Al4 | A13| Al2| All| AlO A9 A8

Reset: 0
R/W: R

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R R R R R RW RW RW RW RW RW RW RW RW RW

A[17:8] holds the programmable portion of the text ROM end address. The
low-order 8 bits of the address are always x’FF’ and the high-order 6 bits
are always b’000010’. The available address range is X’'0800FF’ to
X'0BFFFF’, with a programmable range from x’000’ to x'3FF".

Al7 A8

| !

0000 10XX XXXX XXXX 1111 1111
Fixed : Programmable : Fixed

0800FF 0000 1000 0000 0000 111f 1111
OBFFFF 0000 1011 1111 1111 1111 1111

GROMEND: Graphics ROM End Address Register x'007F02’

Bit: 15

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

— — — — — Al7 | Al16 | Al15 | Al4 | A13| Al2| All| AlO A9 A8

Reset: 0
R/W: R

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R R R R R RW RW RW RW RW RW RW RW RW RW

A[17:8] holds the programmable portion of the graphics ROM end
address. The low-order 8 bits of the address are always X’FF’ and the high-
order 6 bits are always b’000010’. The available address range is
x'0800FF’ to X OBFFFF’, with a programmable range from x’000’ to

x'3FF'.

RAMEND: Text and Graphics RAM End Address Register x'007F04’

Bit: 15

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

GRAM
END
All

GRAM|GRAM|GRAM|GRAM|GRAM|GRAM|GRAM|CRAM|CRAM|CRAM|CRAM|CRAM|CRAM|CRAM|CRAM

END [ END | END | END | END [ END | END | END [ END | END | END [ END | END | END | END
Al10 [ A9 A8 A7 A6 A5 A4 | All | A10 | A9 A8 A7 A6 A5 Ad

Reset: 0
R/W:  R/W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

GRAMENDA[11:4] holds the programmable portion of the graphics RAM
end address and CRAMENDA[11:4] holds the programmable portion of
the text RAM end address. The low-order 4 bits of the address are always
X'F" and the high-order 4 bits are always x'9’. The available address range
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is X’900F’ to x'9FFF’, with a programmable range from x’00’ to X'FF'.

All A4

1001 XXXX XXXX 1111
Fixed : Programmable: Fixed

X'900F' 1001 0000 0000 1111
XOFFF 100111111111 1111

STCO: Cursor Tile Code Register 0

x'007F10’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— — — — — — |SPRT(Q STCO8 STCQ7 STC06 STQ05 STC04 STICO3 STCO2 S[FCO01 §TCOO
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R RW RW RW RW RW RW RW RW RW RW
SPRTO: Cursor 0 color palette select
0: Graphics color palette 1
1: Graphics color palette 2
STCO[8:0]: Cursor 0 Tile Code
Use the same ROM data as that used for the graphics.
STC1: Cursor Tile Code Register 1 X'007F2A’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— — — — — — |SPRTY STC18 STC17 STC16 STQl5 STC14 STC13 STC12 S[rCil §TC10
Reset: 0 0 o] 0 0 0 o] o] 0 0 0 0 0 0 0 0
R/W: R R R R R R RW RW RW RW RW RW RW RW RW RW
SPRTL1: Cursor 1 color palette select
0: Graphics color palette 1
1: Graphics color palette 2
STC1[8:0]: Cursor 1 Tile Code
Use the same ROM data as that used for the graphics.
STC2: Cursor Tile Code Register 2 x'007F2C’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— — — — — — |SPRTZ STC28 STCZ7 STCR6 ST(25 ST(24 STLC23 STC22 STC20 §TC20
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R RW RW RW RW RW RW RW RW RW RW

SPRT2: Cursor 2 color palette select
0: Graphics color palette 1
1: Graphics color palette 2
STC2[8:0]: Cursor 2 Tile Code
Use the same ROM data as that used for the graphics.
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STC3: Cursor Tile Code Register 3

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

x'007E2E’

0

— — — — — [SPRT3 STC38 STC37 STC$6 ST(C35 STE34 STL33 STC32 STC30 §TC30

Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: R R R R R R RW RW RW RW RW RW RW RW

0

RW  R/W
SPRT3: Cursor 3 color palette select
0: Graphics color palette 1
1: Graphics color palette 2
STC3[8:0]: Cursor 3 Tile Code
Use the same ROM data as that used for the graphics.
SHP: Cursor Horizontal Position Register x'007F12’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— — — |SHSZ1 SHSZ — | SHP9 SHP8 SHF7 SHP6 SHP5 SHP4 SHP3 $HP2 SHP1 |SHPO
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R RW  R/W R RW RW RW RW RW RW RW RW RW RW
SHSZ[1:0]: Cursor horizontal size
00:1 dot =1 VCLK period
01:1 dot = 2 VCLK periods
10:1 dot = 3 VCLK periods
11:1 dot = 4 VCLK periods
SHP[9:0]: Cursor horizontal position
SVP: Cursor Vertical Position Register x'007F14’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— — — |SVSZ1 svsz — | SVP9 SVP8 SVF7 SVR6 SVP5 SVP4 SYP3 SyP2 S§VP1 $VPO
Reset: 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0
R/W: R R R RW R/W R RW RW R/W R/W

SVSZ[1:0]: Cursor vertical size
Table 7-16 Cursor Vertical Size Settings

SVSZ[1:0] 1 Dot Size
Setting Interlaced Displays Progressive Displays
00 1 H scan line Reserved
01 2 H scan lines 1 H scan line
10 4 H scan lines 2 H scan lines
11 6 H scan lines 3 H scan lines

SVP[9:0]: Cursor vertical position

GIHP: Graphics Initial Horizontal Position Register

Bit: 15 14 13 12 11 10 9 8 7

x'007F16’
6 5 4 3 2 1 0

_ Gl | &l | al

— | Hsz1| Hszo| sHT GIHP9| GIHPg GIHPT GIHP§ GIHP5 GIHR4 GIHP3 GIHP2 GIHP1 GIH

Reset: 0 0 0 0 0 0 0 o]
R/W: R R R RW RW RW RW RW RW RW

GIHSZ[1:0]: Graphics initial horizontal size

0 0 0 0 0 0 0 0
RW RW RW RW RW RW

MN102H75K/F75K/85K/F85K LSI User Manual
205

Panasonic

RW RW RW RW RW RW

Panasonic Semiconductor Development Company



On-Screen Display
OSD Registers

00: 1 dot =1 VCLK period

01:1 dot = 2 VCLK periods
10:1 dot = 3 VCLK periods
11:1 dot = 4 VCLK periods

GISHT: Graphics initial shutter control
0: Shutter control on
1: Shutter control off

GIHP[9:0]: Graphics initial horizontal position

GIVP: Graphics Initial Vertical Position Register x'007F18’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Gl Gl
— — — |vsz1|vszo| — GIVPY| GIVPg| GIVP7 GIVPg GIVPH GIVP# GIVPB GIVA2 GIVR1 GIVFO
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: R R R RW  RW R RW RW RW RW RW RW RW RW RW RW

GIVSZ[1:0]: Graphics initial vertical size
Table 7-17 Graphics Vertical Size Settings

GIVSZ[1:0] 1 Dot Size
Setting Interlaced Displays Progressive Displays
00 1 H scan line Reserved
01 2 H scan lines 1 H scan line
10 4 H scan lines 2 H scan lines
11 6 H scan lines 3 H scan lines

GIVP[9:0]: Graphics initial vertical position

CIHP: Text Initial Horizontal Position Register X'007F1A’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Cl Cl Cl |
— — — | uszi| Hszo| sHT CIHP9| CIHPg CIHPT CIHP§é CIHPE CIHR4 CIHR3 CIHP2 CIHP1 CIHPO

Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R RW RW RW RW RW RW RW RW RW RW RW RW RW

CIHSZ[1:0]: Text initial horizontal size
00:1 dot =1 VCLK period
01:1 dot = 2 VCLK periods
10:1 dot = 3 VCLK periods
11:1 dot = 4 VCLK periods

CISHT: Graphics initial shutter control
0: Shutter control on
1: Shutter control off

CIHP[9:0]: Graphics initial horizontal position

CIVP: Text Initial Vertical Position Register x'007F1C’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[¢]] [¢]]
— — — |vsz1|vszo| — CIVP9| CIVPS| CIVP7 CIVPE CIVP% CIVP# CIVPB CIVP2 CIVR1 CIVRO
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: R R R RW  R/W R RW RW RW RW RW RW RW RW RW RW
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CIVSZ[1:0]: Text initial vertical size
Table 7-18 Text Vertical Size Settings

CIVSZ[1:0] 1 Dot Size
Setting Interlaced Displays Progressive Displays
00 1 H scan line Reserved
01 2 H scan lines 1 H scan line
10 4 H scan lines 2 H scan lines
11 6 H scan lines 3 H scan lines

CIVP[9:0]: Text initial vertical position

EVOD: Display Start Field Control Register x'007FOE’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

_ _ _ _ _ EO FR EO |FREG|FREG|FREG| FREG| FREG| FREG| FREG| FREG
SEL | MON | MON | 23 22 21 20 13 12 11 10

Reset: 0 0 o] 0 0 0 0 o] 0 0 0 0 o] 0 0 0
R/W: R R R R R R/W R R R R R R R R R R

EOSEL: Even/odd field select
0: Select the smaller counter value as the display start field
1: Select the larger counter value as the display start field

FRMON: Field register monitor
Monitors which field register (FREG) loaded the counter value on the
leading edge of VSYNC.
0: Loaded to FREG[23:20]
1: Loaded to FREG[13:10]

EOMON: Even/odd field monitor
Set between display fields.
0: No display start field detected
1. Display start field detected

FREG[23:20]: Field register
4-bit register 2 storing field counter value.

FREG[13:10]: Field register
4-bit register 1 storing field counter value.

HCOUNT: HSYNC count x'007FOC’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

_ _ _ _ _ _ |HCNT|HCNT|HCNT|HCNT |HCNT|HCNT|HCNT|HCNT | HCNT [ HCNT
9 8 7 6 5 4 3 2 1 0

Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

This register holds the HSYNC count, which indicates the vertical display
position. It is cleared to 0 on the leading edge of VSYNC.
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A write to the OSD bit of OSD1
takes effect on the next leading
edge of VSYNC. If you are
turning the OSD on, the OSD
starts operating on the next
VSYNC after the program writes
a 1 to the OSD bit. If you are
turning the OSD off, the OSD
stops operating on the next
VSYNC after the program writes
a 0 to the OSD bit.

To turn off the OSD block to save

power:

1. Write a 0 to OSD (OSD1, bit 10).

2. Wait for the next VSYNC input.

3. Write a 0 to OSDPOFF (PCNTO,
bit 7), turning the clock off.

If you turn the clock off before the

VSYNC input, power usage may not

drop or the microcontroller may halt.

In using LC blocking oscillation, the
power comsumption becomes large.
To reduce it, select another oscillation.

In case of of useing OSDX clock (both
LC blocking oscilation and external
clock), to prevent the current flow set
OSDXI, OSDXO terminal to port
function (P45, P46) and output H level
before invoking STOP mode.

OSD1: OSD Register 1 x'007F06’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OSC | osC YS YS

— — — — — OsD SEL1| SELO XIO |HPOL | VPOL poL | pLT — | YCNT|RGBC

Reset: 0 0 o] 0 0 0 0 o] 0 0 0 0 0 0 0 0

R/W:

R R R R R RW RW RW RW RW RW RW RW R RW  RW

0: Off
1. On

OSCSEL[1:0]: Oscillator select
00: OSC clock + PLL + internal synchronization
01: OSDX clock (with LC blocking oscillator)
10: OSDX clock (external source) + internal synchronization
11: Reserved

XIO: OSDX frequency select
Frequency range: 12 to 48 MHz
0: Less than 20 MHz
1: Greater than 20 MHz

HPOL: HSYNC input polarity select
0: Active low

1: Active high

VPOL: VSYNC input polarity select
0: Active high
1. Active low

YSPOL: YS output polarity select
0: Active high
1: Active low

YSPLT: YS color palette select
0: Output YS to entire display area (except transparent and translucent
areas)
1: Output the MSB (bit 15) of all the color palettes from YS

YCNT: YM DAC/digital output select
0: DAC output
1: Digital output

Digital output is the LSB of YM (bit 12 of the color palette).

RGBC: RGB DAC/digital output select
0: DAC output
1: Digital output

Digital output is the LSB of each color:
R: bit O of the color palette
G: bit 4 of the color palette
B: bit 8 of the color palette
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(1

Setting the YSPLT bit of OSD1
to 1 disables the PRYM bit. With
this setting, you must also set
the TRPT and TRPTF bits to 1.
You can specify transparency for
individual color palettes if
needed.

(1

You cannot set VCLK][2:0] to 100
(don’t divide) when the OSC
clock is selected. Only select it
when the clock source is 32
MHz or less.

OSD2: OSD Register 2 x'007F08’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SF.:_EX GTHT [GEXTH PRYM| TRPTK TRPT| GClOL GCOOL coLB VCZLK VClLK VCOLK CGPR| SOUT| GOUT couT

Rese
R/W:

t 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

SPEXT: Cursor extended mode select
0: Standard mode (16 x 16 pixels)
1: Extended mode (32 x 32 pixels)
GTHT: Graphic tile height select
0: 16 pixels high
1. 18 pixels high
GEXTE: Graphics maximum tiles per line select
0: Maximum 18 tiles
1: Maximum 28 tiles

PRYM: Translucent color control (YM, YS)
0: Normal YS output
1: Don't output YS during YM output (when the YM color code is not 0)
TRPTF: Translucency control (all layers)
Specifies translucency for color 15 in all palettes.
0: Make color 15 on all palettes translucent
1: Output color 15 as specified

TRPT: Transparency control (all layers)
Specifies transparency for color 0 in all palettes.
0: Make color 0 on all palettes transparent
1: Output color 0 as specified

GCOL[1:0]: Graphics color mode
00: 16-color mode
01: 8-color mode

10: 4-color mode
11: 2-color mode

COLB: Color background control
0: Don't output color background
1: Output color background
VCLK[2:0]: VCLK clock select
Divide-by ratio select. The values in parentheses () are applicable when the
oscillator in the OSD1 register is set to the OSC clock (OSCSEL|[1:0] = 00).
000: Divide by 4 (12 MHz)  100: Don't divide (48 MHz)
001: Divide by 3 (16 MHz)  101: Reserved
010: Divide by 2 (24 MHz)  110: Reserved
011: 2/3 division (32 MHz)  111: Reserved

CGPR: Graphics/text layer priority
0: Graphics layer takes priority
1. Text layer takes priority

SOUT/GOUT/COUT: Layer output on/off
SOUT: cursor layer; GOUT: graphics layer; COUT: text layer
0: Don't output layer
1: Output layer

MN102H75K/F75K/85K/F85K LSI User Manual
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OSD3: OSD Register 3

X'007FOA’
Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— = =1 === 1=1=1=1—|%"]|canu|conL|BFLD|UNDF|cAPM

Reset: 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R RW RW RW RW RW RW

BLINK: Character blinking control

Controls blinking for text-layer characters with BLINK set in the COL code.
0: Don't blink

1: Blink

CANH: Vertical position control for closed captions
Active when interlacing is selected.
0: Normal position
1: Add 1 to V position of even fields

EONL and BFLD: Closed-caption scrolling control
Use when required for smoother scrolling.
00: Normal display
01: Fix to characters in odd fields during scrolling

10: Fix to characters in even fields during scrolling
11: Normal display

UNDF: Underline blinking control
0: Don't blink
1: Blink

CAPM: Closed-caption mode setting
0: Normal display mode
1: Closed-caption mode

VSHTO: Vertical Shutter O Register

Bit: 15 14 13 12 11 10 9 8 7 6

x'007F20’

5 4 3 2 1 0

VSON VSMP vsTo | vsTo | vsTo | vsTo | vsTo | vsTo | vsTo| vsTo | vsTo| vsTo
— | | o |VSPO T (VSMOL T el 7 6 | s | 4 | 3| 2| 1] o

Reset: 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0
R/W: R R RW RW RW RW RW RW RW RW RW RW RW RW RW RW

VSONO: Vertical shutter O on/off
0: Off
1: On
VSPO: Vertical shutter 0 shuttering direction
0: Shutter below
1: Shutter above

VSMPO: Vertical shutter 0 movement direction
0: Top to bottom
1: Bottom to top

VSMO: Vertical shutter 0 movement control
0: Don’t move
1. Move

VSTO[9:0]: Vertical shutter O position
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VSHT1: Vertical Shutter 1 Register x'007F22’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VSON VSMP VSTL1|VST1|VST1|VST1|VST1|VST1|VST1|VST1|VST1|VSTL
- - 1 |VSPL T |VSML Ty 8 7 6 5 4 3 2 1 0
Reset: 0 0 0 0 0 0 o] 0 0 0 0 0 0 0 0 0

R/W: R R RW RW RW RW RW RW RW RW RW RW RW RW RW RW

VSONL1: Vertical shutter 1 on/off
0: Off
1. On
VSP1: Vertical shutter 1 shuttering direction

0: Shutter below
1. Shutter above

VSMP1: Vertical shutter 1 movement direction
0: Top to bottom
1: Bottom to top

VSML1: Vertical shutter 1 movement control
0: Don’t move
1: Move

VST1[9:0]: Vertical shutter 1 position

HSHTO: Horizontal Shutter O Register x'007F24’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HSON HSMP HSTO | HSTO | HSTO | HSTO | HSTO | HSTO | HSTO | HSTO | HSTO | HSTO
— | — | o |HSPOl T HSMOl T el 7 e | s | 4 | 3| 2| 1| o
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: R R RW RW RW RW RW RW RW RW RW RW RW RW RW RW

HSONO: Horizontal shutter 0 on/off
0: Off
1. On

HSPO: Horizontal shutter O shuttering direction
0: Shutter to the right
1: Shutter to the left

HSMPO: Horizontal shutter 0 movement direction
0: Left to right

1. Right to left

HSMO: Horizontal shutter 0 movement control
0: Don’'t move
1. Move

HSTO[9:0]: Horizontal shutter O position
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(

The shuttering function does not
work in the cursor layer.

HSHT1: Horizontal Shutter 1 Register x'007F26’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HSON HSMP HST1| HST1| HST1| HST1| HST1| HST1| HST1 | HST1| HST1| HST1
- - 1 | HSPL| T |HSML) Ty 8 7 6 5 4 3 2 1 0
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R RW RW RW RW RW RW RW RW RW RW RW RW RW RW
HSON: Horizontal shutter 1 on/off
0: Off
1. On
HSP1: Horizontal shutter 1 shuttering direction
0: Shutter to the right
1. Shutter to the left
HSMP1: Horizontal shutter 1 movement direction
0: Leftto right
1. Right to left
HSM1: Horizontal shutter 1 movement control
0: Don’'t move
1. Move
HST1[9:0]: Horizontal shutter 1 position
SHTC: Shutter Control Register x'007F28’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SHT |COLB| SHT | SHT | SHT BC CcC
= | =1 = =1 == = |~ |ewk|shr| spr]| spo|Rrap |®SHT| sHT | sHT
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW RW RW RW

SHTBLK: Shutter blanking on/off
0: Off
1. On
COLBSHT: Color background shutter control

0: Disable
1. Enable

SHTSP[1:0]: Shutter speed control
00: Move every VSYNC
01: Move every 2 VSYNCs

SHTRAD: Shutter mode control
0: AND mode
1: OR mode

GSHT: Graphics shutter control
0: Disable
1: Enable

BCSHT: Text background shutter control
0: Disable
1: Enable

CCSHT: Text shutter control
0: Disable
1. Enable

10: Move every 3 VSYNCs

11: Move every 4 VSYNCs
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CPTO-CPTF: Text Palette Colors 0—15 Registers x'007F80'-x’007F9E’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CPTn| CPTn| CPTn| CPTn| CPTn| CPTn| CPTn| CPTn| CPTn| CPTn| CPTn| CPTn| CPTn| CPTn| CPTn| CPTn

YM3 | YM2 [ YM1 | YMO B3 B2 B1 BO G3 G2 Gl GO R3 R2 R1 RO

Reset: 0 0 0 0 0 0 0 o] 0 0 0 0 o] 0 0 0
RW: W

w w w w w w w w w w w w w w w

These registers contain the colors used in the text layer. When digital out-
put is selected, CPTnYMO is output as YM, CPTnBO as B, CPTnGO as G,
and CPTnRO as R. When the YS color palette is selected, CPTnYMS3 is
output as YS.

CPTnYM[3:0]: YM color code

CPTnB[3:0]: Blue color code
CPTnGJ3:0]: Green color code
CPTnR[3:0]: Red color code

COLB: Color Background Register X'007FAQ’

Bit: 15

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

coLB

COLB|COLB|COLB|COLB|COLB|COLB|COLB|COLB|COLB|COLB|COLB|COLB|COLB|COLB|COLB
YM2 | YM1 | YMO [ B3 B2 B1 BO G3 G2 G1 GO R3 R2 R1 RO

YM3
Reset: 0
R/W: w

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W W w W w w W w W W w W w w W

This register contains the color used for the color background. When digi-
tal output is selected, COLBYMO is output as YM, COLBBO as B,
COLBGO as G, and COLBRO as R. When the YS color palette is selected,
COLBYM3 is output as YS.

COLBYM[3:0]: YM color code
COLBBI[3:0]: Blue color code
COLBG[3:0]: Green color code
COLBRJ[3:0]: Red color code

FRAME: Outlining and Character Shadowing Color Register X'007FA2’

Bit: 15

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

FRAM
E
YM3

FRAM|FRAM|FRAM [FRAM|FRAM |FRAM [ FRAM | FRAM|FRAM [ FRAM | FRAM | FRAM [ FRAM | FRAM | FRAM
E E E E E E E E E E E E E E E
YM2 | YM1 | YMO | B3 B2 Bl BO G3 G2 Gl GO R3 R2 R1 RO

Reset: 0
R/W: W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w w w w w w w w w w w w w w w

This register contains the color used for text outlining and shadowing.
When digital output is selected, FRAMEYMO is output as YM,
FRAMEBO as B, FRAMEGO as G, and FRAMERO as R. When the YS
color palette is selected, FRAMEYM3 is output as YS.

FRAMEYM][3:0]: YM color code
FRAMEBJ3:0]: Blue color code
FRAMEG]3:0]: Green color code
FRAMER[3:0]: Red color code
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BBSHD: Black Box Shadowing Register X'007FA4’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BB BB BB BB BB BB BB BB BB BB BB BB BB BB BB BB

SHD | SHD | SHD | SHD | SHD | SHD | SHD | SHD | SHD | SHD | SHD | SHD | SHD | SHD | SHD | SHD

YM3 | YM2 | YM1 | YMO B3 B2 Bl BO G3 G2 Gl GO R3 R2 R1 RO

Reset: 0 0 0 0 0 0 0 o] 0 0 0 0 o] 0 0 0
R/W: w w w w w w w w w w w w w w w w

This register contains the color used as black in box shadowing. When dig-
ital output is selected, BBSHDYMO is output as YM, BBSHDBO as B,
BBSHDGO as G, and BBSHDRO as R. When the YS color palette is
selected, BBSHDYMS is output as YS.

BBSHDYM[3:0]: YM color code
BBSHDB[3:0]: Blue color code
BBSHDG][3:0]: Green color code
BBSHDR]3:0]: Red color code

WBSHD: White Box Shadowing Register X'007FA6’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
wB wB WB | WB wB wB WB | WB wB wB wB wB wB wB WB | WB

SHD
YM3

SHD | SHD | SHD | SHD | SHD | SHD | SHD | SHD | SHD | SHD | SHD | SHD | SHD | SHD | SHD
YM2 | YM1 | YMO B3 B2 B1 BO G3 G2 Gl GO R3 R2 R1 RO

Reset: 0
R/W: w

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W W w W w w W w W W w W w w W

This register contains the color used as white in box shadowing. When dig-
ital output is selected, WBSHDYMO is output as YM, WBSHDBO as B,
WBSHDGO as G, and WBSHDRO as R. When the YS color palette is
selected, WBSHDYM3 is output as YS.

WBSHDYM][3:0]: YM color code
WBSHDBJ[3:0]: Blue color code
WBSHDG[3:0]: Green color code
WBSHDR[3:0]: Red color code

GPT10-GPT1F: Graphics Palette 1 Colors 0—15 Registers x’007FC0’—x’007FDFE’

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

GPT1NGPTINGPT1INGPT1INGPTINGPT1NGPTINGPT1NGPT1N GPTINGPT1NGPT1nNGPT1nGPT1n GPT1n
YM2 | YM1 | YMO B3 B2 B1 BO G3 G2 Gl GO R3 R2 R1 RO

Bit: 15
GPT1n
YM3
Reset: 0
R/W: W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w w w w w w w w w w w w w w w

These registers contain one of two sets of colors used in the graphics layer.
When digital output is selected, GPT1nYMO is output as YM, GPT1nBO as
B, GPT1nGO as G, and GPT1nRO0 as R. When the YS color palette is
selected, GPT1nYM3 is output as YS.

GPT1nYM[3:0]: YM color code
GPT1nBJ[3:0]: Blue color code
GPT1nG[3:0]: Green color code
GPT1nR[3:0]: Red color code
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GPT20-GPT2F: Graphics Palette 2 Colors 0—15 Registers x'007FEQ'—x'007FFE’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

GPT2nGPT2n GPT2n GPT2n GPT2n GPT2n GPT2n GPT2n GPT2n GPT2n GPT2n GPT2n GPT2n
YM3 | YM2 | YM1 | YMO | B3 B2 B1 BO G3 G2

GPT2nGPT2n GPT2n
G1 GO R3 R2 R1 RO

Reset: 0 0 0 0 0 0 0 o] 0
RW: W W W W W W W W W W W

These registers contain one of two sets of colors used in the graphics layer.
When digital output is selected, GPT2nYMO is output as YM, GPT2nBO0 as

B, GPT2nGO0 as G, and GPT2nRO0 as R. When the YS color palette is
selected, GPT2nYM3 is output as YS.

GPT2nYM[3:0]: YM color code
GPT2nBJ[3:0]: Blue color code
GPT2nG[3:0]: Green color code
GPT2nR[3:0]: Red color code
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8 IR Remote Signal Receiver

fSYSCLK = 12 MHz in all of the
examples and descriptions in
this section. In addition,
fPWML1 = fSYSCLK/23,

fPWMS3 = fSYSCLK/25,
fPWM5 = fSYSCLK/27,
fPWM6 = fSYSCLK/28, and
fPWM8 = fSYSCLK/210.

8.1 Description

The MN102H75K/85K contains a remote signal receiver that processes signals in
two formats: Household Electrical Appliance Manufacturers Association
(HEAMA) format and 5-/6-bit format. This chapter provides an overview of each
block in the circuit and describes the operation of the receiver.

The remote signal is input through the RMIN pin. Each time the edge detection
circuit detects the active edge of the signal, the 6-bit counter resets and the
sampling clock, E, starts counting. Jis formed by dividing PWM3 by the value

in the frequency division control register, RMTC. The clock status register,
RMCS, which can be read at any time, holds the current value of the 6-bit
counter.

The remote signal contains a leader, data, and a trailer, in that order. The micro-
controller shifts received data into the LSB of the reception data shift register,
RMSR. After it receives 8 bits, it loads the contents of RMSR to the reception
data transfer register, RMTR.

Panasonic Semiconductor Development Company MN2102H75K/F75K/85K/F85K LSI User Manual

216

Panasonic



IR Remote Signal Receiver

Block Diagram

Block Diagram
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8.3 IR Remote Signal Receiver Operation

8.3.1 Operating Modes

The IR remote signal receiver has three operating modes: HEAMA, 5-/6-bit, and
HEAMA-5-/6-bit automatic detect. Set the mode in the MODAUTO and
MODSEL bits of the interrupt control register, RMIR. The FMTMON bit of the
interrupt status register, RMIS, monitors the operating mode.

In automatic detect mode, the microcontroller checks the interval between
remote signal edges. If the intervaliis-@4Tg) to (n + 3Tg), wheren is the leader
value set in the LD[3:0] field of the RMLD register, it processes the data in
HEAMA format. If the interval is 28 to 35glcycles, it processes the data in
5-/6-bit format.

8.3.2 Noise Filter

The IR remote signal receiver contains a noise filter to eliminate noise from the
remote signal. To enable the noise filter, set the FILTRE bit of the interrupt
control register, RMIR, to 1. The noise filter samples the remote input signal
every PWMB6 cycle (21.3 us) or PWMS cycle (85.5 us), then outputs the value
that it sampled at least three times during the last four sampling cycles. This
eliminates any noise occurring during one or two sampling cycles. Select the
sampling clock (PWM6 or PWMB8) with the SP bit of the RMLD register.
(PWME6 is selected at reset.)

sang | LV LV LPEEEEEEEE VT

%> ‘
Noise filter \>
output —_—
Noise eliminated
Figure 8-2 IR Remote Signal Noise Filtering
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8.3.3 8-Bit Data Reception

Resetting the 8-bit data reception counter allows the microcontroller to receive 8-
bit data, either with or without a leader. The software can reset the counter using the
BCRSTE and BCEDGS bits of the interrupt status register, RMIS. The counter can
also be reset by an external reset or a hardware reset at leader detection.

Set BCRSTE to enable resets to the 8-bit data reception counter. When the
BCEDGS bit is 0, the counter resets at the first remote signal edge after each trailer
detection. This mode is for data containing no leader. (See figure 8-3.)

8-bit data Trailer 8-bit data
signatmpur— L LI 1 1 [ R
Ed
detectigﬁ J ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ

8-bit data 8-bit data reception detection Trailer detection

reception 5 6 7 0 0 1 2
counter >< X

Counter reset
Figure 8-3 Reception of 8-Bit Data with No Leader
When BCEDGS is 1, the counter resets at the second remote signal edge after

each trailer detection. By ignoring the leader, this mode allows the microcon-
troller to receive 8-bit data that contains a leader. (See figure 8-4.)

8-bit data Trailer Ignored 8-bit data
Remote
signal input T
Edge
detection j H ﬂ Tﬂ H T H
8-bit data 8-bit data reception detection Trailer detection — Leader detection

reception 6 X 7 >< 0 X 1 >< 0 X 1

counter T

Counter reset

Figure 8-4 Reception of 8-Bit Data with Leader
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8.3.4

Identifying the Data Format
The microcontroller determines the logic levels of the data by testing the interval
between remote signal edges. Table 8-1 shows the intervals that the microcon-

troller interprets as 0 and 1 for both HEAMA and 5-/6-bit formats. Table 8-2

shows the conditions for identifying long and short data.

Table 8-1 Logic Level Conditions for Data Formats

Operating Mode

Logic Level Conditions

Data=0

Data=1

HEAMA format

<6 Tgcycles

26 Tgcycles

5-/6-bit format

<12 Tgcycles

212 Tg cycles

Table 8-2 Long and Short Data Ide

ntification

Operating Mode

Long Data

Short Data

HEAMA format

210 Tg cycles

<2 Tgcycles

5-/6-bit format

220 Tgcycles

<4 Tg cycles

The 6-bit counter regulates data format detection. When the microcontroller detects
a data leader, it sets the LONGDF bit of the clock status register, RMCS, to indicate
long data. Figure 8-5 is a graphic representation of all the conditions for identifying

the data format.

ki

When the microcontroller detects a data trailer, the hardware automatically
shuts off the supply to sampling clock Tg, which the 6-bit counter counts.
The counter resets and the clock supply restarts at the next edge detection.

0 2 4 6 8 1012 16 20 24 28 36 40 3 64Tg
Il Il Il Il Il Il Il Il Il Il Il Il Il
o ' ' ' ' « '
— & !
3 | Leader Leader (=24 Tg)
£ b ‘ (When RMLD[3:0] = X'6") 3
S PO — : :
z Data Data=0(=4Tsg) ! !
s format - . —— 6
< | detection : Data = 1 (=8Ts)
u 'Short 1 1
T | Short/long H . 0
detection : Long ;
o :
‘T | Leader iLeader (=32 Tg)
g H H !
XS] ‘ i
+ | Data Data=0 (=8 Tg) '
L | format : Yy 0
§ detection : ata =1 (= s)
Short/long | :Short o 5
detection : : iLong ;
: : ‘ 1 ; 3 :
T T T T T T T T T (( T

0 4 8 12 16 20 24 28 36 40 64Ts

Figure 8-5 Conditions for Detecting Data Formats
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8.3.5 Generating Interrupts

The IR remote signal receiver has four interrupt vectors: leader detection, trailer
detection, 8-bit data reception detection, and pin edge detection. This section
describes the operation for each of them.

8.3.5.1 Leader Detection
An interrupt occurs when the circuit detects a data leader. It detects leaders by
testing the interval between remote signal edges. Table 8-3 shows the conditions.

Table 8-3 Leader Detection Conditions

Format Edge Interval
HEAMA data leader (n-4)Tg<interval < (n + 4)Tg @
5-/6-bit data leader 28Tg < interval < 36Tg

Note: 1.n=the leader value set in LD[3:0] of the RMLHEyjister.

8.3.5.2 Trailer Detection
An interrupt occurs when the 6-bit counter overflows.

8.3.5.3 8-Bit Data Reception Detection
An interrupt occurs when the microcontroller loads 8-bit received data to the
reception data transfer register, RMTR.

8.3.5.4 Pin Edge Detection
An interrupt occurs when the remote signal input pin, RMIN, is asserted. The
POLSEL bit of RMIR sets the polarity of RMIN.

RMIN input
positive-edge-triggered
(POLSEL=0)

RMIN input
negative edge-triggered
(POLSEL=1)

Edge detection output :

lifsyscLk lfsyscLk

Note: 1/fSYSCLK: 1/12 MHz = 0.083 Us
Figure 8-6 Pin Edge Detection

The detection output for all four interrupt vectors is an active high pulse asserted
at intervals of 14ysc| k Bits 3 to 0 of the RMIR register control the interrupt
vectors individually. A O disables the interrupt vector and a 1 enables it.

A remote signal interrupt sets the RMCIR flag of the RMCICL interrupt register
(X¥'O0FC76').
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Use bit 7 (SP) in the RMLD reg-

ister to toggle the noise filter
sampling frequency between
PWM6/PWM8 and PWM3/
PWM5.

8.3.6 Controlling the SLOW Mode

The MN102H series microcontrollers have two operating modes: NORMAL and
SLOW. (See section 3.1, “CPU Modes,” on page 72.) In SLOW madgcf k

= 2 MHz, which affects the frequencies of the PWM3 clock and noise filter
sampling (PWM6/PWMS8). Use the SPSLW bit (bit 6) of the RMLD register to
change which clocks and noise filter sampling that you use.

Table 8-4 Differences between SLOW and NORMAL Modes

SPSLW Normal Mode SLOW Mode
f =12 MHz f =2 MHz
(RMLD, (fsyscik ) (fsyscLk )
bit 6) Noise filter sampling [Clock  Noise filter sampling  C|ock
0 PWM6 PWM8 PWM3 PWM6 PWM8 PWM3
(21.3 ps) (85.5 pus) (2.7 ps) (128 ps) (512 ps) (16 ps)
1 PWM3 PWM5 PWM1 PWM3 PWM5 PWM1
(2.7 ps) (10.7 ps) (0.67 ps) | (16 us) (64 ps) (4.0 us)
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IR Remote Signal Receiver Control Registers

Bit:

Reset:
R/W:

The edge detection circuit samples
the remote signal with fSYSCLK.
Set the frequency divide-by ratio to
meet this condition. If you do not,
the microcontroller may interpret
the data 1s and Os incorrectly.

After the program sets the divide-
by ratio for the frequency in
RMTC, the read values may be
incorrect until the circuit detects
the next active edge of the remote

8.4

IR Remote Signal Receiver Control Regis-
ters
All registers in RMC block cannot be written by byte (by word only). Read by
byte is possible.

Table 8-5 IR Remote Signal Receiver Registers

Register Address  R/W Function
RMTC x'007EA4’ R/W | Remote signal frequency division control register
RMIR x'007EA2’ R/W | Remote signal interrupt control register
RMIS X'007EAQ’ R/W | Remote signal interrupt status register
RMLD x'007EAC’ R/W | Remote signal leader value set register
RMCS x'007EA6’ R Remote signal clock status register
RMSR X'007EA8’ Remote signal reception data shift register
RMTR x'007EAA’ R Remote signal reception data transfer register
RMTC: Remote Signal Frequency Division Control Register X'007EA4’
7 6 5 4 3 2 1 0
RMTC7 | RMTC6| RMTC5| RMTC4 RMTC3 RMTC2 RMTCL RMTCD
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW

To identify the remote signal, the IR signal receiver generates a sampling
clock, Tg, by dividing the PWM3 pulse by the value set in RMTC[7:0].
fowms IS fsyscLk divided by 2 (= 375 kHz, 2.7 us with a 4-MHz oscilla-
tor). The Tg cycle is the contents of RMTC + 1, so load a value from 1 to
255 for a division ratio from 2 to 256.

The microcontroller reads the value in the frequency division counter as a
ones’ complement number (each digit is complemented).

Set the RMTC value so thagF T/2, where T is the pulse width of the remote
input signal. Table 8-6 shows how to define T for the different formats.

Table 8-6 HEAMA and 5-/6-Bit Data Pulse Widths

signal.

H L
HEAMA format | Data0: m
Datal: | T 3T |
Data O: 2T 2T
5-/6-bit format
Data 1: 2T 6T

RMTC is an 8- or 16-bit access register.
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IR Remote Signal Receiver Control Registers

All registers in RMC block cannot be written by byte (by word only). Read by
byte is possible.

RMIR: Remote Signal Interrupt Control Register X'007EA2’
Bit: 7 6 5 4 3 2 1 0
MOD MOD FILTR POL |LEADER|TRAILR| DAT8 | EDME
AUTO SEL E SEL E E E E
Reset: 0 0 0 0 0 0 0 0

R/W: RIW R/W R/W RIW R/W RIW R/W R/W

RMIR controls the operating modes and interrupt operations for the
receiver circuit. It is a 16-bit access register.

MODAUTO: Automatic operating mode detection on/off
0: Automatic detect
1: Fixed
MODSEL: Operating mode select
0: HEAMA format
1: 5-/6-bit format

FILTRE: Noise filter input multiplexer on/off
0: Pinlevel
1: Noise filter

POLSEL: Input polarity
0: Positive-edge-triggered
1: Negative-edge-triggered
LEADERE: Interrupt enable for leader detection
0: Disable
1: Enable

TRAILRE: Interrupt enable for trailer detection
0: Disable
1. Enable

DATS8E: Interrupt enable for 8-bit data reception detection
0: Disable
1: Enable

EDMEE: Interrupt enable for RMIN pin edge detection
0: Disable

1. Enable
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RMIS: Remote Signal Interrupt Status Register X'007EAQ’
Bit: 7 6 5 4 3 2 1 0
BC BC FMT |DOMES|M56BIT|TRAILR| DAT8 | EDGE
RSTE | EDGS | MON D D D D D
Reset: 0 0 o] 0 0 0 0 0

R/W:  R/W R/W R RIW R/W RIW RIW RIW

RMIR indicates the detection and operation status of remote signal inter-
rupts. It is a 16-bit access register.

BCRSTE: 8-bit data reception binary counter reset enable
0: Disable
1. Enable

BCEDGS: 8-bit data reception binary counter reset edge select
0: Reset at 1st edge
1: Reset at 2nd edge

FMTMON: Format monitor
0: HEAMA format
1. 5-/6-bit format

DOMESD: Interrupt request on HEAMA leader detection
0: No request
1. Request

M56BITD: Interrupt request on 5-/6-bit leader detection
0: No request
1: Request

TRAILRD: Interrupt request on trailer detection
0: No request
1: Request

DAT8D: Interrupt request on 8-bit reception detection
0: No request
1. Request

EDGED: Interrupt request on RMIN pin edge detection
0: No request
1: Request
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RMLD: Remote Signal Leader Value Set Register x'007EAC’
Bit: 7 6 5 4 3 2 1 0
SP SPSL\ — — LD3 LD2 LD1 LDO
Reset: 0 0 o] 0 0 1 1 0
R/W: R/W R/W R R R/IW RIW R/IW R/W

RMLD is a 16-bit access register.

SP and SPSLW: Switch clock frequencies

‘ 00: Filter sampling cycle =fype, clock = PWM3
. 01: Filter sampling cycle =fy3, clock = PWM1
fPWM1 = fSYSCLK/23, 10: Filter sampling cycle 5fyug, clock = PWM3
fPWM3 = fSYSCLK/25, 11: Filter sampling cycle ={yys, clock = PWM1
fPWMS = fSYSCLK/27, .
fPWM6 = fSYSCLK/28, and LD[3:0]: HEAMA data leader value _ _
fPWMS8 = fSYSCLK/210. Set the four MSBs of the 6-bit leader value for HEAMA data in LD[3:0].

This 4-bit setting must be between 0 and g@yicles. The default value is
X'6’. The two LSBs of the leader are always 0.

G RMCS: Remote Signal Clock Status Register X'007EAE’

Bitt 7 6 5 4 3 2 1 0
Do not set the leader value too

small. Leader detection and data LONG | SHORT| -5\l TSCNT4 TSCNTB TSCNT2 TSCNTL TSCNITO

) DF DF
detection may occur
. Reset: 0 0 0 0 0 0 0 0
simultaneously.
RMW: RMW  RW R R R R R R

RMCS indicates the result of the short/long data detection. It is a 16-bit
access register.

LONGDF: Long data format detection
Set to 1 when long data is detected.

SHORTDF: Short data format detection
Set to 1 when short data is detected.

TSCNTI[5:0]: 6-bit counter value

RMSR: Remote Signal Reception Data Shift Register X'007EAS8’

Bit: 7 6 5 4 3 2 1 0

RMSR7| RMSR6| RMSR RMSR|4 RMSR3 RMSR2 RMSR1 RMSRO

Reset: 0 0 0 0 0 0 0 0

R/W: R R R R R R R R
RMTR: Remote Signal Reception Data Transfer Register X'007EAA’

Bit: 7 6 5 4 3 2 1 0

RMTR7| RMTR6| RMTR5| RMTR4 RMTR3 RMTR2 RMTRLl RMTRD

Reset: 0 0 o] 0 0 0 0 0
R/W: R R R R R R R R

The microcontroller shifts received data into RMSR, converting it to paral-
lel data. After it shifts in 8 bits, it loads the data byte to RMTR. The CPU
reads the data from RMTR. The data shifts from LSB to MSB. RMSR and
RMTR are 8- or 16-bit access registers.
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9 Closed-Caption Decoder

CVBS

O—Pp| cClamp

>

ADC

CRI ;
- »-| Data extraction
- ff&‘éﬁ{gy controller
i
== Slicing »-| Data extractor »| S/P —
circuit (sampling circuit)
Slice level
detector

9.1 Description

The MN102H75K/85K contains two identical closed-caption decoder circuits,
CCDO0 and CCD1. The decoders extract encoded captions from composite video
signals. Figure 9-1 provides a block diagram of the decoders, and section 9.3,
“Functional Description,” on page 228, describes the circuit’s main blocks: the
analog-to-digital converter, clamping circuit, sync separator circuit, data slicer,
controller, and sampling circuit. Note that this section describes CCDO, but all
descriptions apply to CCD1. Table 9-1 provides the pin names for each decoder.

Table 9-1 Pins Used for CCDO0 and CCD1

Closed-Caption Decoder Pin Name
CCDO CVBSO0 VREFHS CLHO CLLO
CCD1 CVBS1 VREFLS CLHO CLLO

9.2 Block Diagram

: Controller )—

f i

|

[ S Max/min

detector
HSYNC separator - \VSYNC separator
RAM  [«d=pp
(| OW-pasSs filter —|m— S(l)erl\rt?glllr:a? —‘
CPU

: Sync separator )'

Figure 9-1 Closed-Caption Decoder Block Diagram
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9.3 Functional Description

9.3.1 Analog-to-Digital Converter
The analog-to-digital converter (ADC) converts the clamped video signal to 8-bit

‘ digital data using a 12-MHz sampling clock. Figure 9-2 shows an example con-

= figuration using the recommended external pin connections. In this example, both
The constants shown in figures 9-2 caption decoders are used. Figure 9-3 shows the recommended connection when
to 9-4 are recommended values neither decoder is used, and figure 9-4 shows that when only CCDO is used.

only. Operation at these values is

ADCOON

not guaranteed. . 0
33V :} (PCNTO: X'00FF90, bit 4)_ .
s |
8.2kQ | = Power Down ADDATAI7: O
VREFHS ) VREFH out o
33V A4
- - 1pF s A/D
r 1 > VBIOOFF
VIDEO IN 0 = 9 VREFL (PCNTO: X'00FF90’, bit 0)
| z IN cLK - -
>
! ) [y
! £
Low pass filter cveso A T
" 8
33V
6.8kQ
CLL
Clamping
CLH circuit
33kQ
N cvBs1 4\
N
ADC10ON
\E' :} (PCNTO: x'00FF90", bit 5)
< A 4 I
VIDEO IN 1 s IN" Power bown )
X VREFLS _> > VREFH ouT ADDATA[7: 0] :
+ T <o
! 1p :E A/D :
o= ! = b VREFL 5 Miiz)
Low pass filter = b3 CLK >z
< VBI1OFF
EI (PCNTO: x'00FF90", bit 1)

Figure 9-2 Recommended ADC Configuration

CLH
(Used as P30) 33kQ

VREFHS

VREFHS

CVBSO

(Usedas P31 [vmEom}— Sl cveso
ovest T CVBS1
(Used as P32)
(Used as P32)
VREFLS VREFLS
6.8 kQ
CLL cLL
(Used as P33)
Figure 9-3 External Connection with Figure 9-4 External Connection with
Both CCDO and CCD1 Unused Only CCD1 Unused
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Table 9-2 Caption decoder register setting

VBI control ADC control Clamp control
Use two cap- caption 0 ON(PCNTO0.bp0=0) ON(PCNTO.bp4=1) (P3MD.bp3,2,1)=(0,1,1)
tion decoders | caption 1 ON(PCNTO.bp1=0) ON(PCNTO.bp5=1)
Use one cap- caption 0 ON(PCNTO0.bp0=0) ON(PCNTO.bp4=1) (P3MD.bp3,2,1)=(1,0,1)
tion decoder no caption 1 OFF(PCNTO.bp1=1) OFF(PCNTO.bp5=0)
No use caption | no caption O OFF(PCNTO0.bp0=1) OFF(PCNTO0.bp4=0) (P3MD.bp3,2,1)=(0,0,0)
decoder no caption 1 OFF(PCNTO0.bp1=1) OFF(PCNTO.bp5=0)

9.3.2 Clamping Circuit
This block clamps the input video signal (CVBSO0, CVBS1).

3.3V

%6‘8 kQ —(p-| Control circuit
CLL AN
) ©)
g
—0
<
<
r=--" Clamping 5
|| Circuit )
External lﬂ\)— ----------- F—  A/D | Data slice
1 circuit 1 circuit
CLH
O @
33kQ
: | SynC separator

Figure 9-5 Clamping Circuit

The clamping circuit internal to the MN102H75K/85K provides three current
sources—high, medium, and low. You can modify these current sources using
external resistors R1 and R2. Within the clamping circuit, you can turn each of the
current sources on and off in steps. The control bits for these currents are the same
for sync tip and pedestal clamping, but the reference and compare levels are dif-
ferent. Table 9-3 provides these values for the two types of clamping, and table 9-4
shows how to control the three current levels so that the video signal matches the
reference level.

Table 9-3 Clamping Reference and Compare Levels

. Reference Level Compare Level
Clamping
Type CCDO CCD1 CCDO CCD1

Sync tip 16 (dec) 16 (dec) Output from minimum | Output from minimum

clamping detection circuit (value | detection circuit (value
in SYNCMIN, in SYNCMINW,
x’007ECS8’, bits 6-0) x’007EE®’, bits 6-0)

Pedestal Value in Value in Value in SYNCMIN, Value in SYNCMINW,

clamping PCLYV, PCLVW, Xx'007ECS8’, bits 14-8 X'007EES’, bits 14-8

X'007ECC’ | X¥'007EEC’
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Table 9-4 Current Level Control

Current Source
Control Low Current Medium Current High Current

Conditions 1) ) ?3) (4) (5) (6)
10<A Off on Off on Off On
4<A<9 Off on Off on Off Off
1<A<3 Off On Off Off Off Off
A=0 Off Off Off Off Off Off
-3<A<-1 on Off Off Off Off Off
9<A<4 On Off On Off Off Off
A<-10 on Off on Off on Off

Notes: 1. A =compare level - reference level
2. The numbers (1) to (6) correspond to the same number in figure 9-5.

Table 9-5 provides the registers used to control and monitor the clamping circuit.
See the page number indicated for register and bit descriptions.

Table 9-5 Control Registers for Clamping Circuit

CCDO CCD1
Register |Page | Address | Address Description

Register for selecting the low-pass filter

NFSEL ‘ 242 |x’OO7ECO' |x’OO7EEO’ | Noise filter select register

Registers for controlling clamping

SCMING 243 | X’007EC4’ | x¥'007EE4’ | Minimum sync level detection interval set
register

SYNCMIN | 244 | x'007EC8’ | X’'007EES8’ | Sync and pedestal level register

BPPST 243 | X¥’007EC6’ | X'007EE6’ | Backporch position register

CLAMP 245 | X’007ECC’ | X’'007EEC | Clamping control register

CLPCND 248 | X’007EDC’ | xX'007EEC | Clamping control signal status register 1
1 ,

9.3.3 Sync Separator Circuit

A low-pass filter and a sync separator comprise this block. The sync separator
extracts HSYNC and VSYNC from the composite video signal. Figure 9-6 shows
a block diagram of the circuit, and table 9-6 provides the registers used to control
and monitor it. See the page number indicated for register and bit descriptions.
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Table 9-6 Control Registers for Sync Separator Circuit

CCDO CCD1
Register |Page | Address | Address Description

Register for setting the sync separator level

SPLV ‘ 244 ‘ X'007ECA’ ‘ X'007EEA’ ‘ Sync separator level set register

Register for controlling the sync separator clock

FQSEL ‘ 243 ‘x’OO?ECZ’ ‘x’OO?EEZ’ ‘Frequency select register

Registers for controlling the HSYNC separator

HSEP1 246 | X007ECE’ | X'007EEE’ | HSYNC separator control register 1

HSEP2 246 | x¥’007EDOQ’ | xX'007EF0Q’ | HSYNC separator control register 2

HLOCKLV | 246 |x'007ED4’ | xX'007EF4’ | Sync separator detection control register 1

HDISTW 247 | X007ED6’ | X¥'007EF6’ | Sync separator detection control register 2

Register for controlling the VSYNC separator

VCNT ‘ 247 ‘x'OO?EDS‘ ‘x'OO?EFS‘ ‘VSYNC separator control register

Register for controlling the field detection

FIELD ‘ 246 ‘ x'007ED2’ ‘ X'007EF2’ ‘ Field detection control register

Register for monitoring the sync separator status

HVCOND ‘ 247 ‘ Xx'007EDA’ ‘ X'007EFA’ ‘ Sync separator status register

9.3.3.1 HSYNC Separator

The HSYNC separator extracts the HSYNC signal from the composite sync
signal using the sampling clock generated by the sync separator clock pulse gen-
erator. This circuit also secures and interpolates the HSYNC signal.

T
Error HSYNC ‘ Missed
Detected HSYNC resulting from HSYNC
noise >k

Window for securing
and interpolating HSYNC [
le———
| 1 Window open |

™ HSEP2 seting
. HSEP2 setting !

Interpolated
Secured and ) HSYNC
interpolated HSYNC HSEP1 setting

Figure 9-7 HSYNC Securement and Interpolation

As shown in figure 9-7, noise can cause the HSYNC detection circuit to both
miss HSYNC pulses and add erroneous ones. The HSYNC separator contains a
window circuit to correct these errors. The open and close timing for this window
is set in the HSEP1 and HSEP?2 registers, and the unit is the sampling clock for
the HSYNC separator.

The circuit counts a corrected and interpolated HSYNC signal. If the count is
greater than that set in the HLOCKLYV register, within the interval set in the
HDISTW register, the HLOCK bit of HYCOND sets to 0, indicating an asyn-
chronous state. This allows the device to determine the quality of the signal.
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9.3.3.2 VSYNC Separator

The VSYNC separator extracts the VSYNC signal from the composite signal.
Like the HSYNC separator, it contains programmable methods for eliminating
noise. The VCNT register contains these settings. Masking the OH to 127H range
(by setting the VSEPSEL bit of VCNT to 0) prevents VSYNC errors due to

noise. See figure 9-8.

VSYNC | : |

127H
Masked
signal

Figure 9-8 VSYNC Masking

9.3.3.3 Field Detection Circuit

The field detection circuit detects the phase difference between VSYNC and
HSYNC, based on the setting in the VPHASE[9:0] field of the FIELD register.
This setting is in units of the sampling clock for the HSYNC separator. The
results of the field detection are stored in the ODDEVEN bit of FIELD.

9.3.4 Data Slicer

The data slicer contains the maximum and minimum detection circuits, the slice
level calculator, and the slicer. The circuit compares the 8-bit digital values
output from the ADC to the slice level, which can be calculated by the hardware
or set in the software. It then outputs the results in serial Os and 1s.

The data slicer calculates the slice level (the level above which a signal is 1 and
below which is 0) from the maximum and minimum clock run-in (CRI) pulses
occurring in the interval between the settings in the CRI1S and CRI1E registers.

CRI Data
HSYNC
. . LI
CRI1S
CRI1E

(max + min)/2 of this interval = slice level (computed in the hardware)

Figure 9-9 Data Slice Level Calculation
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Table 9-7 provides the registers used to control and monitor the data slicer. See
the page number indicated for register and bit descriptions.

Table 9-7 Control Registers for Data Slicer
CCDO CCD1

Register |Page | Address | Address Description
CRI1S 240 | x’007E10’ | X007E30’ | CRI capture start timing control register 1
CRI1E 241 | x'007E12’ | xX'007E32’ | CRI capture stop timing control register 1

MAXMIN 238 | X’007E02' | xX'007E22’ | CRIinterval maximum and minimum register

SLICE 238 | x¥’007EO04’ | x’007E24’ | VBI data slice level register

FCCNT 237 | X’007E00’ | xX'007E20’ | VBI decoding format select register

9.3.5 Controller and Sampling Circuit

The control circuit contains the CRI window generator and the caption data
window generator. The sampling circuit extracts the 16-bit caption data (503
kHz) from the serial data output from the data slicer at the 12-MHz ADC
sampling rate.

Table 9-8 provides the registers used to control and monitor these two blocks. See
the page number indicated for register and bit descriptions.

Table 9-8 Control Registers for Controller and Sampling Circuit
CCDO CCD1

Register |Page | Address | Address Description

Registers for detecting CRI and generating sampling clock

CRI2S 241 | x’007E14’ | X’007E34’ | CRI capture start timing control register 2
CRI2E 241 | xX’'007E16’' | xX’007E36’ | CRI capture stop timing control register 2
CRIFA 240 | xX'007E0C’ | X'007E2C’ | CRI frequency width register A

CRIFB 240 | X’007EOE’ | X007E2E’ | CRI frequency width register B

Registers for controlling data capture

DATAS 241 | x’007E18 | x'007E38’ | Data capture start timing control register

DATAE 242 | X¥007E1A’ | X007E3A’ | Data capture stop timing control register

CAPDATA | 239 | x’007EOA’ | XO07E2A’ | Caption data capture register

HNUM 239 | xX’007E06’ | x'007E26’ | HSYNC count register
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9.3.5.1 CRI Detection for Sampling Clock Generation

The decoder captures the caption data on the rising edge of the CRI pulse. To
achieve this, it contains a circuit to accurately detect the CRI pulse rises and to
generate a data sampling clock.

CRI Data
21 HSYNC
. . L
CRI2S |
CRI2E

I -
| ' CRI detection | This interval determines the sampling clock timing.

Figure 9-10 Sampling Clock Timing Determination

9.3.5.2 Data Capture Control

The DATAS and DATAE registers control the data capture timing, and the
CAPDATA register stores the caption data captured on the sampling clock gen-
erated through CRI detection. The HNUM register controls interrupt timing.

CRI Data

oo 11 /X H K

DATAS (Sampling clock) |
(CRI2S) . DATAE |
|

Figure 9-11 Caption Data Capture Timing
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9.4 Closed-Caption Decoder Registers
All registers in Closed-caption Decoder block cannot be written by byte (by word
only). Read by byte is possible.

Table 9-9 Closed-Caption Decoder Register

CCDO CCD1
Register | Address | Address |R/W Description

FCCNT x'007EQ00’ | X’'007E20" | R/W | VBI decoding format select register

MAXMIN x'007E02" | X¥007E22' | R CRI interval maximum and minimum register

SLICE X'007E04’ | X¥’007E24’ | R/W | VBI data slice level register
HNUM x'007EQ06’ | X’'007E26’ | R HSYNC count register
ACQ1 x'007E08’ | x’007E28' | R/W | ACQ capture timing control register 1

CAPDATA | X’'007EOQA’ | X'007E2A" | R Caption data capture register

CRIFA X'007EOC’ | X'007E2C’" | R CRI frequency width register A

CRIFB x'007EQOE’ | X007E2E’ | R CRI frequency width register B

CRI1S x'007E10’ | X¥’007E30’ | R/W | CRI capture start timing control register 1
CRI1E X'007E12’ | X’'007E32" | R/W | CRI capture stop timing control register 1
CRI2S X'007E14’ | X¥007E34’ | R/W | CRI capture start timing control register 2
CRI2E x'007E16’ | X¥’007E36’ | R/W | CRI capture stop timing control register 2
DATAS X'007E18’ | X’'007E38" | R/W | Data capture start timing control register
DATAE X'007E1A’ | X¥007E3A’ | R/W | Data capture stop timing control register
STAP X’007E1C’ | X'007E3C’ | R/W | Sampling start position register (software setting)

FCPNUM Xx'007E1E’ | X0O07E3E’ | R Sampling start position register (hardware calculation)

NFSEL x'007ECO’ | X¥007EEQ’ | R/W | Noise filter select register

FQSEL x'007EC2’ | X¥007EE2’ | R/W | Frequency select register

SCMING x’'007EC4’ | X'007EE4’ | R/W | Minimum sync level detection interval set register

BPPST X'007EC6’ | X¥’007EE6’ | R/W | Backporch position register

SYNCMIN | xX’'007EC8’ | X¥'O07EE8’ | R Sync and pedestal level register

SPLV X'007ECA’ | X’007EEA’ | R/W | Sync separator level set register

CLAMP X'007ECC’ | X¥007EEC’ | R/W | Clamping control register

HSEP1 X'007ECE’ | X007EEE’ | R/W | HSYNC separator control register 1

HSEP2 x'007EDOQ’ | xX'007EFO’ | R/W | HSYNC separator control register 2

FIELD x'007ED2’ | X¥007EF2’ | R/W | Field detection control register

HLOCKLV | xX'007ED4’ | X¥’007EF4’ | R/W | Sync separator detection control register 1

HDISTW X'007ED6’ | X’'007EF6’ | R/W | Sync separator detection control register 2

VCNT X'007ED8’ | X'007EF8' | R/W | VSYNC separator control register

HVCOND | X007EDA’ | XO07EFA’ | R Sync separator status register
CLPCND1 | X007EDC’ | X'007EFC’ | R Clamping control signal status register 1
SBFNUM | X'007F4C’ | X¥'007F6C’ | R Sampling start position register
TESTA x'007F4E’ | X007F6E’ | R Test register
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FCCNT: VBI Decoding Format Select Register x'007E00’

‘ (FCCNTW x'007E20’)

H Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

. . Fcp | sync|HenT | HenT | stice| stice|stice|stice| S5PY | cric | NSR| enT | enT | onT | enT | enT

For designs using the closed-cap- SEL | SEL | SEL1| SELO| SEL | LD2 | LD1 | LDO SLEL SEL s(él_ STAP4| STAP3| STAP2| STAP1| STAPQ
tion decoder, always tie the FCCNT

Reset: 0 0 0 o 0 0 0 0 o 0 0 0 1 0 0 0

register to x’0008'.

RW. RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

This register contains the settings for selecting either a hardware or soft-
ware slice level and for setting the data capture format. When you do not
use a bit or field in this register, tie it to the setting indicated below.

FCPSEL: Hard/soft sampling start position select
0: Select hardware calculation
1: Select software setting (set in SFTSTAP[10:0] field of STAP)

SYNCSEL: Sync signal select (HSYNC/VSYNC)
Tie this bit to 0.

HCNTSEL[1:0]: HSYNC count value select
When this field is unused, tie it to b’00".
00: When odd, add 1 to the HSYNC count value
01: When even, add 1 to the HSYNC count value
10: No change to the HSYNC count value
11: Reserved

SLICESEL: Hard/soft slice level select
0: Select hardware calculation
1. Select software setting

SLICELD[2:0]: Slice level load timing select
When this field is unused, tie it to b’000'.

000: 1H 100: 1 field

001: 2H 101: 2 fields
010: 4H 110: 4 fields
011: 8H 111: 8 fields

SLPULSEL: Polarity select for the CRI cycle transition detection
0: Detect 0 to 1 transitions
1: Detect 1 to O transitions

CRICSEL: Detection interval select for the CRI frequency width
0: CRI capture interval only

1: CRI capture interval and transition detection interval

NCRIGSEL: Sampling pulse generation interval
0: Disable the CRI capture interval
1. Enable the CRI capture interval

CNTSTAP[4:0]: Caption data sampling start position
The higher the setting in this field, the later the start position. The valid
range is x'00’ to xX'1F'".
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MAXMIN: CRI Interval Maximum and Minimum Register x'007E02’
(MAXMINW x’007E22’)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 0

1
R R

Reset: 0 0 0 0 0 0 0 0 1 1 1 1 1

2 1
MAX7 IMAX6 MAX5 MAX4 MAX3 IMAX2 NMAX1 MAXO +IN7 +IN6 *INS MIN4 V\r’IN3 IN2 N{INI MINO

1 1
R/W: R R R R R R R R R R R R R R

MAX][7:0]: Maximum value during the CRI interval
Valid range: x’00’ to X'FF’

MIN[7:0]: Minimum value during the CRI interval
Valid range: x’00’ to X'FF’

SLICE: VBI Data Slice Level Register x'007E04’
(SLICEW X'007E24")
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SLSF| SLSF | SLSF| SLSF| SLSF | SLSF | SLSF| SLSF | SLHD | SLHD | SLHD | SLHD | SLHD | SLHD | SLHD | SLHD
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Reset:
RW: RW RW RW RW RW RW RW R/W R R R R R R R R

SLSF[7:0]: VBI data slice level—software setting
Valid range: x’00’ to X'FF’

SLHDI[7:0]: VBI data slice level—hardware calculation
Valid range: x'00’ to X'FF’

Composite signal
from ADC

SLHD e— _I_
MUX

SLSF

Compare ——0/1 data

SLICESEL

Figure 9-12 SLSF and SLHD Multiplexing
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HNUM: HSYNC Count Register x'007E06’
(HNUMW X'007E26’)
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VBI- | VBI- | VBI- | VBI- | VBI-
— | = |~ | me | me | ko | ko | o |5 — |~ ||| |
4 3 2 1 0
Reset: 0 0 0 1 1 1 1 1 0 0 0 o] 0 0 0 0

R/W: R R R RW RW RW RW RW R R R R R R R R

This register allows you to time the interrupt occurring after the line 21
data capture to a line other than line 21.

VBIIRQ[4:0]: VBI interrupt timing control
In this field, set the H line number, from 0 to 25, for the VBI interrupt. You
must set this field to x'13’ or higher.

SBFLAG: Start bit detection flag
0: No start bit detected
1: Start bit detected

HNUM]J4:0]: HSYNC count during the VBI interval
This field indicates the H line number, from 0 to 25.

ACQL1: ACQ Capture Timing Control Register 1 x'007E08’

‘ (ACQ1W x'007E28’)

u Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

For designs using the closed-cap- - | =1 = A(éfl Aggl A(égl A(écfl AEOQl - | =1 = Aggl Aggl Aggl Agcfl Aggl
tion decoder, always tie the ACQ1

Reset: 0 0 0 1 1 1 1 1 0 0 0 1 1 1 1 1

register to x’'1312’.
RW: R R R RW RW RW RW RW R R R RW RW RW RW RW

ACQ1E[4:0]: Stop position for ACQ capture 1
Valid range: x’00’ to x'25’

ACQ1S[4:0]: Start position for ACQ capture 1
Valid range: x’00’ to x'25’

CAPDATA: Caption Data Capture Register x'007EQA’
(CAPDATAW X'007E2A")
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CAP | CAP | CAP | CAP | CAP | CAP | CAP | CAP | CAP | CAP | CAP | CAP | CAP | CAP | CAP | CAP
DA15 | DA14 | DA13 | DA12 | DA11 | DA10 | DA9 | DA8 | DA7 | DAG | DAS | DA4 | DA3 | DA2 | DALl | DAO

Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

CAPDA[15:0]: Caption data
This register stores the 16-bit captured caption data.
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Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CRIFA: CRI Frequency Width Register A x'007E0C’
(CRIFAW x’007E2C’)
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CRI2 | CRI2 | CRI2 | CRI2 | CRI2 | CRI2 | CRI2 | CRI2 | CRI1 | CRI1 | CRI1 | CRI1| CRI1 | CRI1| CRI1 | CRI1
FQW?7| FQW6| FQWS5| FQW4| FQW3| FQW2| FQW1| FQWO0| FQW?7| FQW6| FQWS5| FQW4| FQW3| FQW2| FQW1| FQWO

R/W: R R R R R R R R R R R R R R R R

The CRIFA and CRIFB registers store the CRI cycles from rising edge to
rising edge, for monitoring whether the CRIs were detected correctly dur-
ing this period.

CRI2ZFQWI[7:0]: CRI frequency width 2

This field indicates the width, in clock units, from the second to the third
rising edge after the CRI.

CRI1FQWI[7:0]: CRI frequency width 1
This field indicates the width, in clock units, from the first to the second
rising edge after the CRI.

CRIFB: CRI Frequency Width Register B Xx'007EOQFE’
(CRIFBW x’007E2E’)
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CRI4 | CRI4 | CRI4 | CRI4 | CRI4 | CRI4 | CRI4 | CRI4 | CRI3 | CRI3 | CRI3 | CRI3 | CRI3 | CRI3 | CRI3 | CRI3
FQW?7| FQW6| FQWS5| FQW4| FQW3| FQW2| FQW1| FQWO0| FQW?7| FQW6| FQWS5| FQW4| FQW3| FQW2| FQW1| FQWO

R/W: R R R R R R R R R R R R R R R R

CRI4FQWI][7:0]: CRI frequency width 4
This field indicates the width, in clock units, from the fourth to the fifth ris-
ing edge after the CRI.

CRI3FQWI[7:0]: CRI frequency width 3
This field indicates the width, in clock units, from the third to the fourth
rising edge after the CRI.

CRI1S: CRI Capture Start Timing Control Register 1 x'007E10’
(CRI1SW x’007E30’)
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
_ _ _ _ __ | CRILS| CRI1S| CRILS| CRI1S| CRI1S| CRI1S| CRI1S| CRI1S| CRI1S| CRI1S| CRI1S

10 9 8 7 6 5 4 3 2 1 0
Reset: 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1

R/W:

R R R R R RW RW RW RW RW RW RW RW RW RW RW

CRI1S[10:0]: Start position for CRI capture 1
Valid range: x’000’ to x'7FF’
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CRI1E: CRI Capture Stop Timing Control Register 1 x'007E12’
(CRIZEW x’007E32’)
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
_ _ _ _ __ | CRI1E|CRI1E| CRI1E| CRI1E| CRI1E| CRI1E| CRILE| CRILE| CRILE| CRI1E| CRI1E

10 9 8 7 6 5 4 3 2 1 0
Reset: 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1

R/W: R R R R R RW RW RW RW RW RW RW RW RW RW RW

CRI1E[10:0]: Stop position for CRI capture 1
Valid range: x’000’ to x'7FF’

CRI2S: CRI Capture Start Timing Control Register 2 x'007E14
(CRI2SW x’007E34)
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
_ _ _ _ __ | CRI2S| CRI2S| CRI2S| CRI2S| CRI2S| CRI2S| CRI2S| CRI2S| CRI2S| CRI2S| CRI2S

10 9 8 7 6 5 4 3 2 1 0
Reset: 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1

R/W: R R R R R RW RW RW RW RW RW RW RW RW RW RW

CRI2S[10:0]: Start position for CRI capture 2
Valid range: x’000’ to x’7FF’

CRI2E: CRI Capture Stop Timing Control Register 2 x'007E16’
(CRIZEW x’007E36’)
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
_ _ _ _ __ | CRI2E|CRI2E| CRI2E| CRI2E| CRI2E| CRI2E| CRI2E| CRI2E| CRI2E| CRI2E| CRI2E

10 9 8 7 6 5 4 3 2 1 0
Reset: 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1

R/W: R R R R R RW RW RW RW RW RW RW RW RW RW RW

CRI2E[10:0]: Stop position for CRI capture 2
Set this field so that the last CRI rising edge is included. The valid range is
x’000' to X'7FF'.

DATAS: Data Capture Start Timing Control Register x'007E18’
(DATASW x’007E38’)
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DATA | DATA | DATA | DATA | DATA | DATA | DATA | DATA | DATA | DATA | DATA
— — — — — S S S S S S S S S S S

10 9 8 7 6 5 4 3 2 1 0
Reset: 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1

R/W: R R R R R RW RW RW RW RW RW RW RW RW RW RW

DATAS[10:0]: Start position for data capture
Set this field to the same start position as that for CRI detection (set in
CRI2S). The valid range is x'000’ to X'7FF".
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DATAE: Data Capture Stop Timing Control Register X'007E1A’
(DATAEW x’007E3A’)
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DATA | DATA | DATA | DATA | DATA | DATA
— E E E E E E E E E E E

10 9 8 7 6 5 4 3 2 1 0
Reset: 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1

R/W: R R R R R RW R/W R/W RW RW

DATA | DATA | DATA | DATA | DATA

1

RW R/W RW RW RW RW
DATAE[10:0]: Stop position for data capture

Set this value high enough to allow the last data to be captured. The valid
range is x’'000’ to X' 7FF".

STAP: Sampling Start Position Register (Software Setting) x'007E1C’
(STAPW X'007E3C")

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SFT | SFT | SFT | SFT | SFT | SFT | SFT | SFT | SFT | SFT | SFT

— — — — — | STAP | STAP | STAP | STAP | STAP | STAP | STAP | STAP | STAP | STAP | STAP

10 9 8 7 6 5 4 3 2 1 0

Reset: 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1
R/W: R R R R R RW RW RW RW RW RW RW RW RW RW RW

SFTSTAP[10:0]: Software setting for sampling start position (in clock units)

FCPNUM: Sampling Start Position Register (Hardware Calculation)  x'007E1E’
(FCPNUMW X'007E3E")
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FCP | FCP | FCP | FCP | FCP | FCP | FCP | FCP | FCP | FCP | FCP
— — — — — | NUM | NUM [ NUM | NUM | NUM [ NUM | NUM [ NUM [ NUM | NUM [ NUM
10 9 8 7 6 5 4 3 2 1 0
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
FCPNUM[10:0]: Sampling start position calculated by the hardware
NFSEL: Noise Filter Select Register x'007ECO’
(NFSELW X'007EEQ")
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NFSW|NFSW,|
— | - - =] = =] =fMnNnG| — | = | = | = | = | = 1 o
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R/W R R

R R R R

RIW

R/W

This register selects the low-pass filter, which eliminates noise and high-
frequency signals that are unnecessary to the sync separator and the clamp-
ing controller. The recommended setting for NFSEL is x’0000’.

MING: Output select for noise filter detecting minimum sync tip
0: Low-pass filter 1

1. Low-pass filter 2, 3, or 4 (set in NFSW[1:0])

NFSWI[1:0]: Noise filter switch (for composite sync separator)
00: Low-pass filter 3
01: Low-pass filter 4
10: Low-pass filter 2
11: Low-pass filter 1

The cutoff frequencies for low-pass filters 1 to 4 are lower in ascending
order, so that low-pass filter 4 eliminates the highest amount of noise.
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FQSEL: Frequency Select Register x'007EC2’
(FQSELW x’007EEZ2’)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| _|vrQ|VFQ|VFQ|VFQ|VFQ|VFQ| | | | _ | FQ| FQ | FQ| FQ

DIV5 | DIV4 | DIV3 | DIV2 | DIV1 | DIVO DIV3 | DIV2 | DIV1 | DIVO

Reset: 0 0 1 1 1 1 1 1 0 0 0 0 o] 0 0 1

R/W: R R RW RW RW RW RW RW R R R R RW RW RW R/W

In this register, set the sampling cycle for separating the HSYNC and
VSYNC signals from the composite sync signal. The recommended setting
is x’1F01".

VFQDIV[5:0]: Sampling frequency setting for VSYNC separator

In this field, set the ratio by which to divide the sampling frequency for the
HSYNC separator.

FQDIV[3:0]: Sampling frequency setting for HSYNC separator
In this field, set the ratio by which to divide the A/D sampling frequency.

SCMING: Minimum Sync Level Detection Interval Set Register x'007EC4’
(SCMINGW X'007EE4")
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SC SC SC SC SC SC SC SC SC SC
— — — | MING | MING [ MING | MING | MING [ MING | MING | MING [ MING | MING
9 8 7 6 5 4 3 2 1 0

Reset: 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0
R/W: R R R R R R RW RW RW RW RW RW RW RW RW RW

SCMINGJ9:0]: Interval setting for the minimum sync level detection
Set the HSYNC cycle in this field in ADC clock units. This is the interval
used for detecting the sync tip level for sync tip clamping. The valid range
is X’000’ to x'3FF’. Note that the HSYNC cycle set in this register is only

used for detecting the minimum sync level. You must also set the correc-
tion HSYNC cycle in HSEP1.

For the NTSC format, the setting for this register is x’02FA, calculated as
follows:

(A/D sampling frequency¥ (HSYNC cycle) = 12 MHz 63 ps = xX'02FA

BPPST: Backporch Position Register x'007EC6’
(BPPSTW x’007EE®’)
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| _ 1 _ 1 _1|_ |8 |Br|BP|BP|BP|BP|BP|BP|oBP
PST8| PST7| PST6| PST5| PST4| PST3| PST2| PST1| PSTO

Reset: 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0
R/W: R R R R R R R RW RW RW RW RW RW RW RW RW

BPPSTI[8:0]: Backporch start position for the leading edge of HSYNC

MN102H75K/F75K/85K/F85K LSI User Manual Panasonic Semiconductor Development Company

243

Panasonic



Closed-Caption Decoder
Closed-Caption Decoder Registers

Use this register to specify the position for capturing the pedestal level
value used during pedestal clamping. Specify a number of ADC clocks
after the leading edge of HSYNC. The valid range is x'000’ to x'1FF’, and
the recommended setting is x’003C’.

Video signal
HSYNC

|<—>— Set this interval in BPPST

Pedestal level for BPLV register

Figure 9-13 Backporch Position Setting

SYNCMIN: Sync and Pedestal Level Register x'007EC8’
(SYNCMINW X'007EES8’)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— |BPLV6|BPLV5| BPLV4| BPLV3 BPLVZ BPLV1 BPLV — f/IYINN((S: ?/IYlmé: amf f/I\I(NN?? f/I\I(NNg f/I\I(NN](_: ?/IYIm(():

Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

BPLV[6:0]: Pedestal level
This register stores the pedestal level captured from the position specified
in BPPST.

SYNCMIN[6:0]: Minimum sync level
This field stores the minimum level (the sync tip level) detected during the
interval set in the SCMING register. For sync tip clamping, you should
control clamping so as to make this value 16 (dec).

SPLV: Sync Separator Level Set Register X'007ECA’

(SPLVW X'007EEA’)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— — | BSP5| BSP4 BSP3 BSPR BSK1 BSPO - PSP5 PSP4 SP3 |PSP2 | PSP1| PSPO

Reset: 0 0 0 1 1 0 0 o] 0 0 0 1 1 0 0 0

R/W: R R RW RW RW RW RW RW R R RW RW RW RW RW RW

The sync separator uses the value set in this register to separate the com-
posite sync signal from the composite video signal.

Video signal

— _—— - — — —|— — — Setting for sync
/ separator level

Composite sync processing

Figure 9-14 Sync Separator Level
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Composite signal
from ADC

Compare

— Composite sync

MUX

BSP =e—

CLMODE

Figure 9-15 BSP and PSP Multiplexing
BSP[5:0]: Sync separator level for pedestal clamping

Sync separator level = (sync tip level/2) + BSP[5:0]. The valid range is
x’00’ to x'3F".

PSP[5:0]: Sync separator level for sync tip clamping
Valid range: x’00’ to x'3F’

CLAMP: Clamping Control Register

x'007ECC’
(CLAMPW X'007EEC’)
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VBI CL CL
— |PCLV6| PCLVS PCLV4 PCLV3 PCLVR2 PCLV[L PCLM0O SAFE — —| on — — |MODE|MODE
1 0
Reset: 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R RW RW RW RW RW RW RW RW R R R/W R R RW  R/W

Use this register to set the clamping mode (sync tip or pedestal clamping)
PCLV[6:0]: Pedestal clamping level setting

Set the reference level for pedestal clamping in this field. The valid range
is x’00’ to X'7F".
VBION: VBI setting
0: VBI off
1: VBlon

SAFE: Clamping current source select
This bit is the capacity switch for (5) and (6) in figure 9-5 on page 229.
0: High current source ((5) and (6) capacity high)
1: Medium current source ((5) and (6) capacity low)
CLMODE([1:0]: Clamping mode setting
00: Automatic switching (depends on the cycle state)
01: Sync tip clamping only
10: Pedestal clamping only
11: Clamping off
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Closed-Caption Decoder Registers

HSEP1: HSYNC Separator Control Register 1 X'007ECFE’
(HSEP1W x’007EEE’)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2

1 0
HS HS HS HS HS HS HS HS HS HS HS
— — — — — | FREQ| FREQ| FREQ| FREQ| FREQ| FREQ| FREQ| FREQ| FREQ| FREQ| FREQ
10 9 8 7 6 5 4 3 2 1 0
Reset: 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0
R/W: R R R R R

RW RW RW RW RW RW RW RW RW RW RW

HSFREQ[10:0]: Correction HSYNC frequency

Set the correction HSYNC cycle in this field in HSYNC separator sam-

pling clock units. The valid range is x’000’ to x'7FF’, and the recom-
mended setting is x’010C’.

HSEP2: HSYNC Separator Control Register 2 x'007EDOQ’

(HSEP2E x’007EFQ’)

8 7 6 5 4 3 2 1

H H H H H H H H H H

— — — — — | CLOSH CLOSH CLOSHCLOSH CLOSH CLOSE CLOSH CLOSE CLOSH CLOSH
E9 E8 E7 E6 E5 E4 E3 E2 El EO

0 0 0 1 1 1 0 0 1 0 0
R R RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9

0

Reset: 0 0 0 0 0
R/W: R R R R

HCLOSEE[9:0]: Start position for HSYNC detection

Set the position in HSYNC separator sampling clock units. The valid range
is x'000’ to x’3FF’, and the recommended setting is xX’'00E4".

FIELD: Field Detection Control Register

X'007ED2’
(FIELDW X'007EF2’)
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oDD \% \% \% \% \% \% \% \% \% \%
even| — — — — — |PHASHPHASH PHASE PHASH PHASH PHASH PHASH PHASH PHASH PHASH
9 8 7 6 5 4 3 2 1 0
Reset: 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
R/W: R R R R R R R/W

RW RW RW RW RW RW RW RW RW

ODDEVEN: Field detection signal
0: Odd field
1: Even field

VPHASE[9:0]: Phase difference setting for VSYNC and HSYNC

Set the phase difference in HSYNC separator sampling clock units. The
valid range is x’'000’ to x'3FF".

HLOCKLV: Sync Separator Detection Control Register 1

x'007ED4’
(HLOCKLVW X'007EF4’)
Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
H]H]H[H]H]H]H]H]H
— | — | =] =1 =1 — | — |Lock|LoCK|LOCK |LOCK|LOCK [LOCK |LOCK | LOCK | LOCK
v8 | Lv7 | Lv6 | Lv5 | v4 | Lv3 | Lv2 | V1 | VO
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
RW: R R R R R R R RW RW RW RW RW RW RW RW RW

HLOCKLV[8:0]: Sync separator detection threshold
This value is compared to the count of the corrected HSYNC. The valid
range is x’'000’ to x'1FF’, and the recommended setting is x’0008’.

HLOCKLV < HSYNC count- asynchronous
HLOCKLV > HSYNC count- synchronous
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Closed-Caption Decoder Registers

HDISTW: Sync Separator Detection Control Register 2

x'007ED6’
HDISTWW X'007EF6’)
Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

_ _ _ _ _ _ __ |HDIST|HDIST|HDIST|HDIST|HDIST|HDIST|HDIST|HDIST|HDIST
W8 | W7 | W6 W5 | w4 | w3 w2 | wi Wo

Reset: 0 0 0 0 0 0 0 1 0 0 0 0 o] 0 0 0
R/W: R R R R R R R RW RW RW RW RW RW RW RW RW
HDISTWI[8:0]: HSYNC count setting the interval for sync separation detection
In this register, set the interval during which sync separation occurs. The
valid range is x’'000’ to x’1FF’ and the recommended setting is x'0100'.
For NTSC format, set the register to 525 (dec), indicating an HSYNC
count of 525 VSYNC cycles. The recommended setting is x’'0100'.

VCNT: VSYNC Separator Control Register

X'007ED8’
(VCNTW X'007EF8’)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
_ _ _ _ _ _ _ VSEP _ _ _ _ _ VSEP| VSEP| VSEP

SEL LMT2 | LMT1 [ LMTO

Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1

R/W: R R R R R R R RW RW R/W

VSEPSEL: VSYNC signal select

0: OHto 127H VSYNC separation mask
1: No mask

VSEPLMT[2:0]: VSYNC separation detection threshold

HVCOND: Sync Separator Status Register

x'007EDA’
(HVCONDW X'007EFA")
Bt 7 6 5 4 3 2 1 0
— | = | — |sten | O] vsep | HsEP| HLOCK
Reset: 0 0 0 1 1 0 0 0
RW: R R R R R R R R

Use this register to monitor the status of the sync separator.
STPN: Status of clamping control pulse signal during STOP
COMPSY: Composite sync signal status
VSEP: VSYNC signal status
HSEP: HSYNC signal status

HLOCK: Sync detection
0: Asynchronous
1. Synchronous
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CLPCND1: Clamping Control Signal Status Register 1 x'007EDC’
(CLPCNDW X'007EFC’)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
- - - - - - - — [SAFER S‘;‘\JFE CLPP| CLPN XBED D>(<)F\>I\IIEN PUEPD ngEvN

Reset: 0 0 0 0 0 0 0 o] 1 0 1 o] 1 0 1 0

R/W: R R R R R R R R R R R R R R R R

This register is for monitoring the status of the clamping current source
switch shown in figure 9-5 on page 229. An N-channel transistor is on
when the associated bit (PEDOWN, XPEDOWN, CLPN, or SAFEN) is 1.
A P-channel transistor is on when the associated bit (PEDUP, XPEDUP,
CLPP, or SAFEP) is 0.

SAFEP: Low clamping control pulse for high current source (P-channel)
SAFEN: Low clamping control pulse for high current source (N-channel)
CLPP: High clamping control pulse for high current source (P-channel)
CLPN: High clamping control pulse for high current source (N-channel)
XPEDUP: Clamping control pulse for medium current source (P-channel)
XPEDOWN: Clamping control pulse for medium current source (N-channel)
PEDUP: Clamping control pulse for low current source (P-channel)

PEDOWN: Clamping control pulse for low current source (N-channel)

SBFNUM: Sampling Start Position Register x'007E4C’
(SBFNUMW X'007E6C")
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SBF | SBF | SBF | SBF | SBF | SBF | SBF | SBF | SBF | SBF | SBF
— — — — — | NUM | NUM [ NUM | NUM | NUM [ NUM | NUM [ NUM [ NUM | NUM [ NUM
10 9 8 7 6 5 4 3 2 1 0

Reset: 0 0 0 0 0 0 o] o] 0 0 0 0 o] 0 0 0
R/W: R R R R R R R R R R R R R R R R

SBFNUM[10:0]: Detected position of start bit flag (detected by the hardware)

TESTA: Test Register X'007E4E’

(TESTA X'007E6E’)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SLICE| SLICE|SLICE|SLICE|SLICE|SLICE|SLICE| SLICE| DATA SLD

7 6 5 A 3 2 1 0 G CRI2G| CRI1G ACQQG SAMP FCPIN| FCP| SLD

Reset: 0 0 0 0 0 0 o] o] 0 0 0 0 o] 0 0 0

R/W: R R R R R R R R R R R R R R R R
SLICE[7:0]: Slicing value (either from hardware calculation or software setting)
DATAG: Data window (for capturing the caption data)

CRI2G: CRI window 2 (for detecting the sampling cycle position)

CRI1G: CRI window 1 (for calculating the maximum and minimum values)
ACQG: ACQ window (for setting the H interval for data detection)
SLDSAMP: Caption data sampling pulse

FCPIN: Start position for start bit detection (software setting)

FCP: Start position for start bit detection (hardware calculation)

SLD: Sliced data from the CVBS input signal
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Pulse Width Modulator
Description

10 Pulse Width Modulator

10.1 Description
The MN102H75K/85K contains seven 8-bit pulse width modulators (PWMSs)
with a minimum pulse width of 16#f,5c| x and an output waveform cycle of

For information on the SLOW 2V syscLi (With a 4-MHz oscillator, 164/ sc k= 1.33 ps (8 us for SLOW

mode, see section 3.1, “CPU mode) and %ZlfSYSCLK = 341.3 ps (2 ms for SLOW mode).)

Modes.”
The PWM ports are 3.3-volt, open-drain outputs. To enable the PWM ports,
either turn the pullup registers on using the pullup control registers for the asso-
ciated ports (P15-P17 and P20-P23; see table 10-1) or connect external pullup
resistors to these ports.

Table 10-1 Register Settings for Internal PWM Pullup

PWM Block Register Bit No. $etting
PO P1PUP >
PWM1 (XOOFFB1’) 6 !
PWM2 7
PWM3 0
PWM4 P2PUP 1 1
PWM5 (X'00FFB2’) 2
PWM6 3

The microcontroller writes the pulsewidth modulated data for a PWM block to its
associated 8-bit data register (PWMn). The data register settings determine how
long the waveform stays low. With a 4-MHz oscillator, the PWM output pulse
width has a resolution of 1.33 ps @{fiyy) and a cycle of 341.3 usa(ﬁpw,\,,).

Note that when (and only when) the data changes between x'00’ and x'01’, the
resolution is 1.34 ps (Hfym)-

PWM Data Output Wave
00 ;
! High level
01 ” “
341.3 ps (2 ms for SLOW mode) ‘
L fLow -~
|'| 1.33 s (8 ps for SLOW mode)F
FE
FE Low level
Figure 10-1 PWM Output Waveform
MN102H75K/F75K/85K/F85K LSI User Manual Panasonic Semiconductor Development Company

249

Panasonic



Pulse Width Modulator
Block Diagram

10.2 Block Diagram

Data bus
8
y
PWMO - PWM6  [MSB
X'007E70' - X007E7C" 71851482 1]0 PnPUP 4{
PNCNT
PWMn
P . DAC output
fPwm PWM (8-bit) 70 control (P15_- P17,
MUX P20 - P23)
PNDIR ——
Port
‘ Note: With a 4-MHz oscillator:
. fewm = fsyscL/16
Output pulse cycle =% py\ = 341.3 s
Not using internal pullup func- Minimum pulse width = 1fyy = 1.33 us
tion,Figuer10-2 connect the tLow = (PWMn + 1)x 0.67 s

external pullup registance . .
Figure 10-2 PWM Block Diagram

10.3 PWM Data Registers

All registers in PWM function cannot be written by byte (be word only). Read by
byte is possible.

Bits 7 to 0 of each of the seven PWM data registers (PWMO to PWM6) hold the
8-bit pulsewidth modulated data to be written to the PWMs. The registers reset to
0, and they set to 1 when PWM output is high.

PWMO0-PWM6: PWMn Data Registers X'007E70'—x’007E7C’

Bit: 7 6 5 4 3 2 1 0

PWMn7| PWMn6| PWMn§ PWMn4 PWMnB PWMr2 PWMnl PWMpO

Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R
Panasonic Semiconductor Development Company MN2102H75K/F75K/85K/F85K LSI User Manual
250

Panasonic



I/0 Ports

Description
11 1/O Ports
11.1 Description
The MN102H75K/85K contains 50 pins that form general-purpose I/O ports.
Ports 0, 1, 2, 3, 4, and 5 are 8-bit ports, and port 6 is a 2-bit port. All of these pins
have alternate functions. (Ports 7 and 8 are only available with the quad flat
package.)
Table 11-1 1/O Port Pins
Port Associated Pins
Port 0 P07-P00
Port 1 P17-P10
Port 2 P27-P20
Port 3 P37-P30
Port 4 P47-P40
Port 5 P57-P50
Port 6 P61-P60
Port 7 P77-P70
Port 8 P87-P80
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I/O Ports
I/0 Port Circuit Diagrams

11.2 1/0O Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
POPUPO
o
e
~
0: POO/IRQO
1: RMIN/IRQO
POMDO
e
N I
0: Port input
1: Port output
PODIRO *
e
~
0: Port low output pi
1: Port high output N in
POOUTO >
e
N
7
POINO %
Schmidt trigger
RMIN —&
IRQO £
Figure 11-1 POO/RMIN/IRQO (Port 0)
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I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on
o
e
N
0: P03, P04, P05, P06, P07,
1: ADINO, ADIN1, ADIN2, ADIN3, ADIN4
e
N
0: Port input
1: Port output
> PODIRnN
e
N
0: Port low output pi
1: Port high output N n
N
POOUTN
N 7/ V
e
~
POINN < O

ADINO, ADIN1, AN A
ADIN2, ADIN3, ADIN4

Figure 11-2 PO3/ADINO to PO7/ADIN4 (Port 0)
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I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
P1PUPN
|
e
~
0: P10/IRQ1, P11/IRQ2, P12/IRQ3
1: ADIN5, ADING, ADIN7
P1MD(2n)
e
~
0: Port input
1: Port output
P1DIRN
e
~
0: Port low output pi
1: Port high output N n
P10OUTn V
e
N
i o——
P1INn <7 G |
Schmidt trigger
IRQ1, IRQ2, IRQ3
ADINS5, ADING, ADIN7 < K/\/\/—
Figure 11-3 P10/ADIN5/IRQ1, P11/ADIN6/IRQ2, and P12/ADIN7/IRQ3 (Port 1)
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I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘ ©
&~ P1PUPn
"
00: P13, P14 <
01: WDOUT, STOP
10: ADINS, ADIN9
P1MD(2n)
]
~
P1MD(2n+1)
I O—
0: Port input
1: Port output Q
Z —=
> P1DIRN
e
N
0: Port low output
. ; O
1: Port hgh output
> P10OUTN Pin
]
~
WDOUT, STOP
P1INn < G: |
ADINS, ADIN9 —<& /\/\/\/—
Figure 11-4 P13/ADIN8/WDOUT and P14/ADIN9/STOP (Port 1)
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I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
P1PUPN
o
e
00: P15,P16 ~
01: PWMO,PWM1
10: ADIN10,ADIN11
> T P1MD(2n)
e
~
P1MD(2n+1)
e
~
0: Port input
1: Port output ':a:)i
> P1DIRnN
e
~ u
PWMO,PWM1 >
0: Port low output Pin
1: Port high output
> P10UTN 44 >
e ]
N
P1INn —<& ( E |

ADIN10,ADIN11 Y4 W\/—

Figure 11-5 P15/ADIN10/PWMO and P16/ADIN11/PWM1 (Port 1)
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I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on
P1PUPN
7 P2PUPN ‘
®)
e
~
0: P17, P20, P21, P22, P23
1: PWM2, PWM3, PWM4, PWM5, PWM PIMD(2n) .
7 P2MD(2n)
]
N
0: Port input
1: Port output
P P1DIRN 0
P2DIRN M
u
PWM2, PWM3, PWM4, < x
PWM5, PWM6 1
>0
0: Port low output
1: PortDlgh output P1OUTH 0
7 P20UTn M Pin
e v L
N .| X
Low output >
P1INn, P2INn <

Figure 11-6 /PWM2 (Port 1), P20/PWM3, P21/PWM4, P22/PWM5, and P23/PWM6 (Port 2)
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I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
> P2PUP4
5
00: P24 <
01: SBT1
10: TM4IC
< P2MD8
e
~
P2MD9
M >
N
0: Port input
1: Port output )
P2DIR4
e
N .
0: Port low output Pin
1: Port high output
> P20UT4
]
SBT1 output > )
outpu
0: Push/pull *O[}
1: Open-drain (12C mode)
> ODASCI1
<
A
P2IN4
N
) Schmidt trigger
TMA4IC input
SBT1input
Figure 11-7 P24/TM4IC/SBT1 (Port 2)
G To use as SBT1,set P2MD8 and P2MD?9 to O.
[ |
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I/O Ports
I/0 Port Circuit Diagrams

TMOIO output

P2IN7

TMOIO input

Pin

0: Pullup off
1: Pullup on ‘
N
< P2PUP7 ‘
o
e
~
0: P27
1: TMOIO
N
< P2MD14
e
~
0: Port input
1: Port output
N
< P2DIR7
e
~
0: Port low output
1: Port high output
N
< P20UT7
M
e u F/
Y X
7/
N
<

Figure 11-8 P27/TMO0IO (Port 2)
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I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on
N P3PUPN
N P4PUPN ‘
®)
e
N
0: DAC output
1: Digital output
(OSD1)bp0 >
0: P35, P36, P37, P40
1: DAROUT/R, DAGOUT/G
DABOUT/B, DAYMOUT/YM
y P3MDn
7 P4MDn
]
~
0: Port input p
1: Port output
P P P3DIRN
7 P4DIRN
]
~
0: Port low output
1: Port high output
Z P30UTn 0
7 P40UTn M Pin
e u D
N X
ROUT, GOUT, BOUT, YMOUT, 1
(Digital output)
P3INn P
P4INNn N \
DAROUT, DAGOUT, DABOUT,
DAYMOUT >

(DAC output)

Figure 11-9 P35/DAROUT/R, P36/DAGOUT/G, P37/DABOUT/B (Port 3), and P40/DAYMOUT/YM (Port 4)
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I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
P2PUP5 ‘
00: P25 < 7
01: SBI1,SBD1
10: TM4IOB P2MD10
11: Reserved P2MD11
pd
0: Port input N 00
1: Port output 10
P2DIR5 M
~ 0:3-line (SBI1,SBD1,SBT1) u
(PCNTO) bit 11 1: 2.Jine (SBD1,SBT1) 01| x
SIFSEL1 )
0: Port low output Pin
1: Porthigh outpu 00
P20UT5 M L
< : =
—1 ) ) 0L} x SBD1/
SBO1 /
TMA4IOB output X 10 TM4I0B
P2INs —<% @
0: Push-pull
(PCNTO) bit 13 1: Open-drain Schmidt trigger
ODASCI1 (For 12C mode)
SBIl
0: Pullup off
1: Pullup on ‘
P2PUP6 ‘
00: P25 < ?
01: SBI1,SBD1
10: TM410B P2MD12
11: Reserved P2MD13
0: Port input 00
. 10
1: Port output P2DIRG "
< v
SBOL o1 | x
(PCNTO) hit 13
ODASCI1 L 01 )
J M Pin
TMA4IOA output 10 U D
0: Port low output X
1: Port high output 00 P26/
P20UT6 SBO1/
A TM4I0A
~
P2IN6 @
Schmidt trigger
Figure 11-10 P25/TM410B/SBI1/SBD1 and P26/TM4I0A/SBO1 (Port 2)
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I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on
[ pspups |
P5PUP5 ‘
@)
0: P55 <
1: SBOO
[ penmps |
P5MD5
0: Port input <]
1: Port output
[ pspiRs |
P5DIR5
0:'Push-pull L
(PCNTO) bit 12 1: Open-drain <
ODASCIO (Ror I2C mOdbo |
—4——0—

SBOO —
[ [ .
|| Pin
0: Port low output
1: Port high output

= |

<
X

— X
P50UT5 0 P55/
L™ | SBOO
e
~J
P5IN5 @__
Schmidt trigger,
—e
SBIO oqg%
0: Pullup off
1: Pullup on ‘
P5PUP6 ‘
]
0: P56 <
1: SBIO/SBDO E——
P5MD6
e
~J
0: Port input
1. P
ort output PSDIRG 0
M
0: 3-line (SBI0,SBO0,SBTOY < U
(PCNTO) bit 10 1: 2-line (SBDO,SBTO) 11 x
SIFSELO
1 [ .
SBOO M Pin
0: Port low output U X
1: Port high output ol X L
P50UT6 P56/
SBIO/
< SBDO
P5ING @
Schmidt trigger
Figure 11-11 P55 and P56 (Port 5)
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I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
N
< P5PUP7 ‘
o
0: P57 <
1: SBTO
4
> P5MD7
. e
0: Port input . p
1: Port output
N
< PSDIR7
0: Push-pull A
_ 1: Open-drain ™~
(PCNTO) bit 12 (For 12C mode)
ODASCIO
SBTO output 5 s
0: Port low outut b Pin
1: Port high output
<
< P50UT7 g
!
AN |
P5IN7 Y4 @1
SBTO input < Schmidt trigger

Figure 11-12 P57/SBTO (Port 5)

MN102H75K/F75K/85K/F85K LSI User Manual Panasonic Semiconductor Development Company

263

Panasonic



I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on
POPUP2 —
0: P02 <
1: SCL1
POMD2
: e
0: Port input ~
1: Port output
PODIR2
e
0: Port low output RN Pin
1: Port high output 0
POOUT2
A M P02/
~d u sCL1
1 X
SCL output
POIN2 @
O< Schmidt trigger
SCL input
I2CSEL1
e
N
> 12CSELO
e
N (L
0: Pullup off
1: Pullup on
P6PUPL  —
0: P61 <
1: SCLO
P6MD1
0: Port input <
1: Port output
P6DIR1
e :
0: Port low output RN Pin
1: Port high output 0
P60OUT1
T M - P61/
RN u SCLO
1 X
P6IN1 @
O< Schmidt trigger
Figure 11-13 P02/SCL1 (Port 0) and P61/SCLO (Port 6)
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I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on
POPUP1 —
0: PO1 <
1: SDA1
POMD1
0: Port input <
1: Port output
PODIR1
0: Port low outpu < Pin
1: Port high output 0
POOUT1
M P01/
< U SDA1
SDA output N 1] X
POIN1 @
O< Schmidt trigger
SDA input
I2CSEL1
e
N
I2CSELO
e
~ =gn
0: Pullup off
1: Pullup on
P6PUPO | —
0: P60 <
1:SDAO
P6MDO
0: Port input
1: Port output
P6DIRO
0: Port low output] Pin
1: Port high output 0
P6OUTO
M P60/
U SDAO
1 X
P6INO @
O< Schmidt trigger
Figure 11-14 PO1/SDA1 (Port 1) and P60/SDAO (Port 6)
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I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
"
e
N
0: P31,P32
1: CVBS0,CVBS1 <> P3MDn
e
N
0: Port input
1: Port output
> P3DIRnN
e
N
0: Port low output pi
1: Port high output n
> P30UTN ’\V
e
~
P3INn < GO
CVBS0,CVBS1 &/\/\/7
Figure 11-15 P31/CVBSO0 and P32/CVBS1 (Port 3)
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I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
&~ P3PUPN
"
e
N
0: P30, P33 PN
1: CLH, CLL P3MD2 ?
e
< Nt
P3MD3
e
N
0: Port input
1: Port output
> P3DIRN
e
~
0: Port low output pi
1: Port high output N n
P30UTN
7 L
e
~
P3INNn .
<
CLH, CLL —< /\/\/\/7

Figure 11-16 P30/CLH and P33/CLL (Port 3)
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I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
> P3PUP4 ‘
0
e
~
0: P34
1: VREF
— P3MD4
e
~
0: Port input
1: Port output :Ol >
— P3DIR4
e
~
0: Port low output Pin
1: Port high output N
— P30UT4 L
P P34/VREF
~
P3IN4 \\J‘P
VREF —&
Figure 11-17 P34/VREF (Port 3)
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I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on
> P4PUPN T
e
N
0: Port input
1: Port output
> P4DIRN
e
N
0: P41,P42,P43
1: TM110,TM5I0A, TM510B
> P4MDn
e
N
0: Port low output Pin
1: Port high output 0
> P40UTN
M
e U j\b :
N X
TM1IO output, TM5IOA output, > 1
TM5IOB output
P4INn

TM1IO input, TM5IOA input,
TM5IOB output, HIO

Figure 11-18 P41/TM110, P42/TM5IOA, and P43/TM5IOB/HIO (Port 4)

0: Port input
1: Port output
> P4DIR4

]
~

0: P44

1: TM5IC/HI1

> PAMD4 ODO

% — Pin

0: Port low output ~

1: Port high output

> P40UT4 P44/
TM5IC/
-
< HI1
N l
TM5IC/
HI1 input
S
Figure 11-19 P44/TM5IC/HI1 (Port 4)
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I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on
> P4PUP5 ‘
o}
e
0: P45 |
1: OSDXI
> P40UTS b
e
0: Port input ~
1: Port output
> PADIRS
e
~

To internal circuit

P4IN5 g ! Pin

[> X

P45/0SDXO

LCCNT is the OSDXI/O (0: Cut,1: Connect)

oscillation control
signal from the OSD.
0: Disable
1: Enable
LCCNT >
0: Pullup off
1: Pullup on < ‘
> P4PUP6 ‘
e 7
0: P45/P46 N
1: OSDXI/OSDXO
> P4MD5
<
0: Port input [
1: Port output
> P4DIR6
]
0: Port low output N pi
1: Port high outpgt—— n
—<&—>—+—{ P40UT6 D
< P46/0OSDXI
P4IN6 \A/
Figure 11-20 P45/0SDX0 and P46/0OSDXI (Port 4)
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I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
> P4PUP7
"
e
N
0: P47
1: HSYNC
> P4MD7
e
N I
0: Port input
1: Port output
> P4DIR7
e
N
0: Port low output pi
1: Port high output n
> P40UT7 D
P P47/HSYNC
~
P4IN7 < @
Schmidt trigger
HSYNC
Figure 11-21 P47/HSYNC (Port 4)
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I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
> P5PUPO
|
e
N
0: P50
1: SYSCLK
P5MDO
] LD—
N
0: Port input
1: Port output
P5DIRO
e
N
0: Port low output
1: Port high output 0
P50UTO ,
M Pin
e u B
SYSCLK or L~
divided SYSCLK output N 1 X P50/SYSCLK
N
P5INO
Figure 11-22 P50/SYSCLK (Port 5)
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I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
> P5PUP1
"
e
~
0: P51
1:YS
> P5MD1
e
N
0: Port input
1: Port output p
P5DIR1
e
N
0: Port low output
1: Port high output 0
> P50UT1
M Pin
! u D
N X
YSouT S 1 P51/YS
P5IN1
Figure 11-23 P51/YS (Port 5)
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I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
—— P5PUP2 ‘
0
e
N
0: P52
1: IRQ4/VIO
—— P5MD2
e
< j)i
0: Port input
1: Port output
> P5DIR2
e
N
0: Port low output Pin
1: Port high output ™
P50UT2 L/ L~
P52/IRQ4/VI0
e
N
P5IN2 @
Schmidt trigger
IRQ4/VIO &
Figure 11-24 P52/IRQ4/VI0 (Port 5)
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I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
<> P5PUP3 ‘
! o
0: Port low output \}
\1: Port high output
< P50UT3 D
_ e
0: Port input ~
1: Port output
&> P5DIR3 Pin
e
N
P53/
% RST
P5IN3/
NTGTRST P
Z
<
Schmidt trigger
Figure 11-25 P53/RST (Port 5)
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I/O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
&~ P5PUP4
"
e
N
0: P54/IRQ5
1: IRQ5/VSYNC
&~ P5MD4
e
< ﬂ:)i
0: Port input
1: Port output
< P5DIR4
e
N
0: Port low output Pin
1: Port high output ™
> P50UT4 L/ L
P54/IRQ5/VSYNC
e
N
P5IN4 < @
Schmidt trigger
IRQ5 <
VSYNC
Figure 11-26 P54/IRQ5/VSYNC (Port 5)
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I/O Ports
I/0 Port Control Registers

11.3 1/0O Port Control Registers

POPUP—-P5PUP: Ports 0-5 Pullup Resistor Control Registers  x'00FFBO'—x’00FFB5’
‘ P7PUP—P8PUP: Ports 7—8 Pullup Resistor Control Registers x'00FFB8'—x'00FFBA’
[ ] Bit: 7 6 5 4 3 2 1 0
Do not activate the pullup resis- PNPUP7 PnPUPB PnPUP5 PnPUP4 PnPUP3 PnPUP2 PrPUP1 PnPUPO
tors when the pins are in output
Reset: 0 0 0 0 0 0 0 0

mode. This will cause incorrect
output voltage levels and
increase power and current con-

R/W: RIW R/W R/W R/IW R/W RIW R/W RIW

sumption. P6PUP: Port 6 Pullup Resistor Control Register x'00FFB6
Bit: 7 6 5 4 3 2 1 0
0 0 0 0 0 0 P6PUPLL P6PURO
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R R/IW R/W

The PnPUP registers control the port pullup resistors. The bit number cor-
responds to the associated pin number. For instance, POPUP7 applies to the
P07 pin. These are 8-hit access registers.

0: Pullup resistor off

1: Pullup resistor on

Note that by default the P7P8CNT bit of the PCNT2 register forces the
pullup resistors on for ports 7 and 8. P7PUP and P8PUP are only valid
when P7P8CNT is 1.

POOUT-P50UT: Ports 0-5 Output Control Registers X'00FFCO’'—x’00FFC5’

P70UT-P8OUT: Ports 7—8 Output Control Registers X'00FFC8’'—x'00FFCA’

‘ Bt 7 6 5 4 3 2 1 0
" PnOUT7 PnOUT$ PnOUTS PnOUT4 PnOUT3 PnoUT2 PnobT1 PnduTo

Writing a 0 to P5OUT3 causes a

Reset: 0 0 0 0 0 0 0 0
reset to occur. RW: RW RW RW RW RW RW RW RW
P60OUT: Port 6 Output Control Register X'00FFC6’
Bit: 7 6 5 4 3 2 1 0
0 0 0 0 0 0 | P6OUTL PEOUTD
Reset: 0 0 0 0 0 0 0 0
RW: R R R R R R RW  R/W

The PnOUT registers contain the port output data. The bit number corre-
sponds to the associated pin number. For instance, POOUT7 applies to the
P07 pin. These are 8-bit access registers.
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When using P57 as a port, set
SIFSELO (PCNTO x’FF90’ bp12)
to 0.

POIN—-PS5IN: Ports 0-5 Input Registers
P7IN-P8IN: Ports 7—-8 Input Registers

X'00FFDO’'-x'00FFD5’
X'00FFD8’'—x'00FFDA’

Bit: 7 6 5 4 3 2 1 0
PnIN7 | PnIN6 | PnIN5| PnIN4[ PnIN3 PnIN PnINL  PnINO
Reset: Pin Pin Pin Pin Pin Pin Pin Pin
R/W: R R R R R R R R

P6IN: Port 6 Input Register X'00FFD6’
Bit: 7 6 5 4 3 2 1 0
0 0 0 0 0 0 PG6IN1| P6INO|
Reset: 0 0 0 0 0 0 Pin Pin
R/W: R R R R R R R R

The PnIN registers contain the port input data. The bit number corresponds
to the associated pin number. For instance, POIN7 applies to the P07 pin.
These are 8-bit access registers.

PODIR-P5DIR: Ports 0-5 I/O Control Registers
P7DIR-P8DIR: Ports 7-8 1/0O Control Registers
Bit: 7 6 5 4 3 2 1 0

X'00FFEQO'-x’00FFES’
X'00FFE8'-x’00FFEA’

PnDIR7| PnDIR6 PnDIR$ PnDIRA PnDIR3 PnDIR2 PnDIR1 PnD|RO

Reset: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

P6DIR: Port 6 I/O Control Register X'00FFE®’
Bit: 7 6 5 4 3 2 1 0
0 0 0 0 0 0 P6DIR1] P6DIR
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R R/IW R/W

The PnDIR registers control the 1/O direction of the ports. The bit number
corresponds to the associated pin number. For instance, PODIR7 applies to
the PO7 pin. These are 8-bit access registers.

0: Input

1: Output
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I/0 Port Control Registers

POMD: Port 0 Output Mode Register X'00FFFOQ’

Bit: 7 6 5 4 3 2 1 0

POMD7| POMD6| POMDY POMD4 POMD3 POMDR POMO1 POMDO

Reset: 0 0 o] 0 0 0 0 0
RW:  R/W RW RIW RIW R/W RIW RIW RIW

POMD is an 8-bit access register.

POMD7: PQ7 function switch
0: PO7
1: ADIN4

POMDG6: P06 function switch
0: P06
1. ADIN3

POMD5: P05 function switch
0: PO5
1: ADIN2

POMDA4: P04 function switch
0: P04
1. ADIN1

POMD3: P03 function switch
0: P03
1. ADINO

POMD2: P02 function switch
0: P02
1: SCL1

POMD1: P01 function switch
0: PO1
1. SDAl1l

POMDO: P00 output switch
Control the IRQO interrupt enable settings in the interrupt control registers.
0: POO/RMIN/IRQO
1: RMIN/IRQO
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I/0 Port Control Registers

P1MD: Port 1 Output Mode Register X'00FFF2’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
__ |P1IMD|P1MD|P1MD|P1MD|P1MD|P1MD|P1MD|P1MD|P1IMD| _ [P1IMD{ _ (P1IMD| _ [P1MD
14 13 12 11 10 9 8 7 6 4 2 0
Reset: 0 0 0 0 0 0 0 o] 0 0 0 0 o] 0 0 0

R/W: R RW RW RW RW RW RW RW RW RW R R/W R RIW R R/W

P1MD is a 16-bit access register.

P1MD14: P17 output switch
0: P17
1: PWM2

P1MD[13:12]: P16 output and function switch
00: P16
01: ADIN11
10: PWM1
11: Reserved

P1MD[11:10]: P15 output and function switch
00: P15

01: ADIN10
10: PWMO
11: Reserved

P1MD[9:8]: P14 output and function switch
00: P14
01: ADIN9
10: STOP
11: Reserved

P1MD[7:6]: P13 output switch
00: P13
01: ADIN8
10: WDOUT
11: Reserved

P1MD4: P12 function switch
0: P12/IRQ3
1: ADIN7

P1MD2: P11 function switch
0: P11/IRQ2
1. ADING6

P1MDO: P10 function switch
Control the IRQS3, IRQ2, and IRQL1 interrupt enable settings in the inter-
rupt control registers.
0: P10/IRQ1
1. ADIN5
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P2MD: Port 2 Output Mode Register X'00FFF4’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
__ |P2MD|P2MD|P2MD|P2MD|P2MD|P2MD|P2MD| _ |P2MD| _ [P2MD| _ [(P2MD| _ |P2MD
14 13 12 11 10 9 8 6 4 2 0
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 o] 0 0 0

R/W: R RW RW RW RW RW RW RW R RIW R R/W R RIW R R/W

P2MD is a 16-bit access register.

P2MD14: P27 function switch
To use TMOIO as an output pin, set this bit to 1 and set the P2DIR7 bit to 1.
0: P27
1: TMOIO

P2MD[13:12]: P26 output and function switch
To use TM4I0A as an output pin, set this field to b’01’ and set the P2DIR6
bit to 1.
00: P26
01: TM4IO0A
10: SBO1
11: Reserved

P2MD[11:10]: P25 output and function switch

If you set this field to b'10’, select SBI1 or SBD1 in bit 11 of PCNTO. To
use TM4IOB as an output pin, set this field to b’'01’ and set the P2DIRS5 bit
to 1.

00: P25

01: TM410B

10: SBI1 or SBD1

11: Reserved

P2MD[9:8]: P24 output and function switch

To use SBT1 as an input, set this field to b’00’ and set the P2DIR4 bit to O.
00: P24
01: T™M4IC
10: SBT1
11: Reserved

P2MD6: P23 output switch
0: P23
1: PWM6

P2MD4: P22 output switch
0: P22
1: PWM5

P2MD2: P21 output switch
0: P21
1. PWM4

P2MDO: P20 output switch
0: P20
1: PWM3
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Bit:

Reset:
R/W:

P3MD: Port 3 Output Mode Register X'00FFF6’

7 6 5 4 3 2 1 0

P3MD7| P3MD6| P3MDY P3MD4 P3MD3 P3MDR P3MO1 P3MDO

0 0 0 0 0 0 0 0
RIW R/W RIW RIW R/W R/W RIW RIW

P3MD is an 8-bit access register.

P3MD7: P37 output switch
If you set this field to 1, select DABOUT or B in the RGBC bit of ODS1.
0: P37
1: DABOUT or B

P3MD6: P36 output switch
If you set this field to 1, select DAGOUT or G in the RGBC bit of ODS1.
0: P36
1: DAGOUT or G

P3MD5: P35 output switch
If you set this field to 1, select DAROUT or R in the RGBC bit of ODS1.
0: P35
1: DAROUT orR

P3MD4: P34 function switch
0: P34
1 Vger

P3MD[3:1]: P33-P30 function switch
Set P3MD3 to 1 only when P3MD[2:1] is 01; otherwise, set it to 0.
000: P30/P31/P32/P33
101: CLH/CVBS0/P32/CLL
010: CLH/P31/CVBS1/CLL
011: CLH/CVBSO0/CVBS1/CLL

P3MDO
This bit exists, but contains no function.
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P4AMD: Port 4 Output Mode Register X'00FFF8’

Bit: 7 6 5 4 3 2 1 0

P4AMD7| PAMD6| PAMDY P4MD4 P4AMD3 PAMDR P4MO1 PAMDO

Reset: 0 0 o] 0 0 0 0 0
RW:  R/W RW RIW RIW R/W RIW RIW RIW

PAMD is an 8-bit access register.

P4MD7: P47 function switch
0: P47/NHSYNC
1: NHSYNC

P4AMD6
This bit exists, but contains no function.

PAMD5: P45 function switch
To use P45 or P46, set the OSCSEL[1:0] field of OSD1 to b'00’.
0: P45/0SDXO
1: P46/0OSDXI

P4AMDA4: P44 output switch
0: P44/TM5IC/HIO
1: TM5IC/HIO

P4MD3: P43 output switch
To use TM5IOB as an output pin, set this bit to 1 and set the P4DIR3 bit to 1.
0: P43/HI1
1. TM5IOB/HI1

P4AMD2: P42 output switch
To use TM5IOA as an output pin, set this bit to 1 and set the P4DIR2 bit to
1.
0: P42
1: TM5I0A

P4AMD1: P41 output switch
To use TM1IO as an output pin, set this bit to 1 and set the PADIR1 bit to 1.
0: P41
1: TM1I0

P4MDO: P40 output switch
If you set this bit to 1, select DAYMOUT or YM in the YCNT bit of
ODSL1.
0: P40
1: YM/DAYMOUT

MN102H75K/F75K/85K/F85K LSI User Manual Panasonic Semiconductor Development Company
283

Panasonic



I/O Ports
I/0 Port Control Registers

P5MD: Port 5 Output Mode Register X'00FFFA’

Bit: 7 6 5 4 3 2 1 0

P5MD7| PSMD6| P5MDY P5MD4 P5MD3 P5MDR P5MO1 P5MDO

Reset: 0 0 0 0 0 0 0 0
R/W:  R/W R/W R/W R/IW R/IW RIW R/IW R/W

P5MD is an 8-hit access register.
P5MD7: P57 output switch

To use SBTO as an input pin, set this field to 0 and set the P5DIR7 bit to 0.
0: P57
1. SBTO

P5MD6: P56 output switch
If you set this bit to 1, select SBIO or SBDO in the bit 10 of PCNTO.
0: P56
1: SBI0/SBDO

P5MD5: P55 output switch
0: P55
1: SBOO

P5MD4: P54 function switch
0: P54/IRQ5/VSYNC
1. IRQ5/VSYNC

P5MD3
This bit exists, but contains no function.

P5MD2: P52 output switch
0: P52/IRQ4/VI0
1: IRQ4/VIO

P5MD1: P51 output switch
0: P51
1. YS

P5MDO: P50 output switch
If you set this bit to 1, set the SYSCLK frequency in bits [15:14] of PCNTO.
0: P50
1: SYSCLK/divided SYSCLK output

P6MD: Port 6 Output Mode Register X'00FFFC’
Bit: 7 6 5 4 3 2 1 0
0 0 0 0 0 0 P6MD1 P6MD
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R R/IW R/W

P6MD is an 8-bit access register.

P6MD1: P61 function switch
0: P61
1: SCLO

P6MDO: P60 function switch
0: P60
1: SDAO
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PCNTO: Port Control Register 0

X'00FF90’
Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCLK|SCLK| OD | OD | SIF | SIF | 12C | 12C | OSD | PLL |ADC1|ADCO[HCNT|RMC | VBIL | VBIO
F1 | FO |ASCI1|ASCIO| SELL | SELO| SEL1| SELO| POFF| POFF| ON | ON | OFF | OFF | OFF | OFF

Reset: 0 0 o]
R/W: RW R/W

0 0 0 0 0

0 0 0 0 0
RW RW R/W R/W

0 0 0
RW RW R/W R/W

RW RW RMW RW RW RW
PCNTO is a 16-bit access register.

SCLKF[1:0]: SYSCLK frequency select
G 00: SYSCLK x 24 (732.42 Hz)
[ |

01:VCOCLK x 3
10: SYSCLK x 2
11: SYSCLK

Enable PWM (set PCNT1 bit 1
to 1) if you are outputting fgy.

scik/2'

ODASCI1: Serial port 1 output switch
1: Push-pull
0: Open-drain
ODASCIO: Serial port 0 output switch
To use P57 as a port, set this hit to 0.
1: Push-pull
0: Open-drain
SIFSEL1: Serial port 1 interface select
0: Three-line (enable SBI1, SBO1, SBT1)
1: Two-line (enable SBD1, SBT1)
SIFSELO: Serial port 0 interface select
0: Three-wire (enable SBIO, SBOO, SBTO)
1: Two-wire (enable SBDO, SBTO)
I2CSEL1: SDA1, SCL1 enable
0: Disable
1: Enable

To use PO1/SDA1 and P02/SCL1 as general-purpose port pins, you must
both select the ports in the port mode register and disable this bit.
I2CSELO: SDAO, SCLO enable
0: Disable
1: Enable

To use P60/SDAO and P61/SCLO as general-purpose port pins, you must
both select the ports in the port mode register and disable this bit.
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OSDPOFF: OSD circuit enable
G Setting this bit to 0 shuts off the system clock supply to the OSD block,
. reducing power dissipation. The program must write a 1 to this bit before

To turn off the OSD block to save writing any values to the OSD registers.
power: 0: Disable
1. Write a 0 to OSD (OSD1, bit 1: Enable
10).
2 3Nait for the next VSYNC input. PLLPOFF: PLL circuit enable
3. Write a 0 to OSDPOFF (PCNTO, 0: Enable

bit 7), turning the clock off. 1: Stop

If you turn the clock off before the
VSYNC input, power usage may ADC1ON: ADC circuit enable for closed-caption decoder 1

not drop or the microcontroller 0: Disable
may halt 1. Enable

ADCOON: ADC circuit enable for closed-caption decoder 0
0: Disable
1. Enable

HCNTOFF: H counter circuit enable
0: Enable
1: Disable

RMCOFF: IR remote signal receiver circuit enable
0: Enable

1. Disable

VBI1OFF: Closed-caption decoder 1 circuit enable
0: Enable
1. Disable

VBIOOFF: Closed-caption decoder O circuit enable
0: Enable
1: Disable

Setting the HCNTOFF, RMCOFF, VBI1OFF, or VBIOOFF bits to 1 shuts
off the system clock supply to the associated block, which reduces power
dissipation.
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Bit:

Reset:
R/W:

(1

Always set bits 7 to 3 of PCNT2
to 0.

(1

You cannot read from or write to
the registers associated with a
function that is disabled.

PCNT2: Port Control Register 2

15

X'00FF92’

14 13 12 11 10 2 1 0

P7P8
CNT

12C
OFF

PWM
OFF

OosD
REGE

(Test Bits)

0 0

R

0
R

0 0 0
RIW RW RW

0
RIW

0 0 0
RIW RW RW

0 0
RW  RW

P7P8CNT: Ports 7 and 8 forced pullup
Ports 7 and 8 are only available in the quad flat package.
0: Pullup
1: Don't pull up
I2COFF: 12C function enable
0: Enable
1: Disable

PWMOFF: PWM function enable
0: Enable
1. Disable

Setting the I2COFF or PWMOFF bhits to 1 shuts off the system clock sup-
ply to the associated block, which reduces power dissipation.

OSDREGE: OSD registers read/write enable
To read or write to the OSD registers, you must first set this bit to 1.
0: Disable
1: Enable
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12 ROM Correction

12.1 Description

The ROM correction function can correct the program data in any address within
the 256-kilobyte ROM. (It cannot correct OSD ROM data.) A maximum of

sixteen addresses can be corrected. Addresses are set as address match interrupts.
This function shortens time-to-market for large-scale designs, since changes can
be implemented in the software after the mask ROM is complete.

The ROM correction function has humerous other applications. For instance, you
can insert keywords into the functional routines, then use the function to send
internal status information to an external location. This enables system-level
examination of the internal status even with the mask ROM version.

To use the ROM correction function, embed a routine such as that shown in
figure 12-2 in the ROM.

Start

I I
I I
I I
ROM i s ROM !
I correction |
A ! required? !
I I
\) i Necessary i
. ! software settings i
ROM | |
address correction | Set up the :
! correction data |
i i
I I
\i ! Y |
Instruction Instruction | Enable the |
counter fetch ! correction function !
| > |
CPU R S
Y
( Main )
Figure 12-1 ROM Area Schematic Diagram Figure 12-2 ROM Correction Flow
As figure 12-1 shows, the function lies between the microcontroller and ROM
blocks. First set the correction data for any sixteen non-OSD addresses in the
ROM correction address match and data registers. (Follow the flow shown in
figure 12-2.) Once this is done, the circuit will correct the ROM output for the
designated addresses.
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Block Diagram

12.2 Block Diagram

Figure 12-3 is a block diagram of the ROM correction circuit. A match detection
circuit constantly monitors the ROM address specified by the CPU instruction
pointer (IP). When the value matches a correction address, the circuit replaces the
data output from the ROM with the data in the appropriate correction data
register. It then sends the corrected data to the CPU.

Data bus
A A A
ROM
address
\/ \i ¢
Correction Correction
- registers
registers
Correction A Correction
address data
\ Y Y \
Match ROM correction
> detection > MUX (selector) -t enable
circuit registers
\
IP CPU

Figure 12-3 ROM Correction Block Diagram

12.3 Programming Considerations

At reset, the ROM correction address match and data registers contain all 0s.
Since a reset also disables ROM correction (in ROMCEN), the ROM will still
operate normally.

Only read from or write to the address match registers while ROM correction is
disabled in ROMCEN. Otherwise, an error may occur in the match detection circuit.

Note that the address match and data registers only allow full-register access (8-
bit or 16-bit depending on the register). You cannot write to individual bits.
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12.4 ROM Correction Control Registers

Table 12-1 shows the organization of the address match and data registers for
ROM correction. Write a ROM address to be corrected to an AMCHIHN and
AMCHILnN register pair and write the corrected data to the associated CHDATnN
register. Enable ROM correction for the associated address in the ROMCEN
register.

Table 12-1 ROM Correction Address Match and Data Registers

Address Match Register
ROM Address Data Register
High Order Low Order
Address 0 AMCHIHO x'00FD02’ AMCHILO x'00FDOO’ CHDATO x’00FD40’
Address 1 AMCHIH1 x'00FDO06’ AMCHIL1 x'00FDO04’ CHDAT1 x’00FD44’
Address 2 AMCHIH2 x’00FDOA’ AMCHIL2 x’00FD08’ CHDAT2 x’00FD48’
Address 3 AMCHIH3 x'00FDOE’ AMCHIL3 x’00FDOC’ CHDAT3 x’00FD4C’
Address 4 AMCHIH4 x'00FD12’ AMCHIL4 x'00FD10’ CHDAT4 x’00FD50’
Address 5 AMCHIH5 x'00FD16’ AMCHIL5 x’00FD14’ CHDAT5 x’00FD54’
Address 6 AMCHIH6 x'00FD1A’ AMCHIL6 x’00FD18’ CHDAT6 x’00FD58’
Address 7 AMCHIH7 x'00FD1E’ AMCHIL7 x’00FD1C’ CHDAT7 x’00FD5C’
Address 8 AMCHIH8 x’00FD22’ AMCHIL8 x'00FD20’ CHDAT8 x’00FD60’
Address 9 AMCHIH9 x'00FD26’ AMCHIL9 x'00FD24’ CHDAT9 x’00FD64’
Address 10 AMCHIHA x'00FD2A’ AMCHILA x’00FD28’ CHDAT10 x’00FD68’
Address 11 AMCHIHB x'00FD2E’ AMCHILB x’00FD2C’ CHDAT11 x’00FD6C’
Address 12 AMCHIHC x’00FD32’ AMCHILC x'00FD30’ CHDAT12 x’00FD70’
Address 13 AMCHIHD x’00FD36’ AMCHILD x'00FD34’ CHDAT13 x’'00FD74'
Address 14 AMCHIHE x'00FD3A’ AMCHILE x'00FD38' CHDAT14 x’00FD78’
Address 15 AMCHIHF x’00FD3E’ AMCHILF x'00FD3C’ CHDAT15 x’'00FD7C’

Note: All registers reset to 0.

ROMCEN: ROM Correction Enable Register X'00FCFO’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ROMC|ROMC|ROMC|ROMC|ROMC|ROMC|ROMC|ROMC|ROMC|ROMC|ROMC|ROMC|ROMC|ROMC|ROMC|ROMC
EN15| EN14 | EN13 | EN12| EN11| EN10| EN9 | EN8 | EN7 [ EN6 | EN5 | EN4 | EN3 | EN2 | EN1 | ENO

Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW. RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

ROMCEN15: Address 15 ROM correction enable
0: Disable
1: Enable

ROMCEN14: Address 14 ROM correction enable
0: Disable
1. Enable

ROMCEN13: Address 13 ROM correction enable
0: Disable
1. Enable
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ROMCEN12: Address 12 ROM correction enable
0: Disable
1: Enable

ROMCEN11: Address 11 ROM correction enable
0: Disable
1. Enable

ROMCEN10: Address 10 ROM correction enable
0: Disable
1. Enable

ROMCENZ9: Address 9 ROM correction enable
0: Disable
1: Enable

ROMCENS: Address 8 ROM correction enable
0: Disable
1. Enable

ROMCENT7: Address 7 ROM correction enable
0: Disable
1. Enable

ROMCENSG: Address 6 ROM correction enable
0: Disable
1: Enable

ROMCENS5: Address 5 ROM correction enable
0: Disable
1. Enable

ROMCEN4: Address 4 ROM correction enable
0: Disable
1. Enable

ROMCENS3: Address 3ROM correction enable
0: Disable
1: Enable

ROMCEN2: Address 2 ROM correction enable
0: Disable
1. Enable

ROMCEN1: Address 1 ROM correction enable
0: Disable
1. Enable

ROMCENQO: Address 0 ROM correction enable
0: Disable
1: Enable
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AMCHIHO-AMCHIHF: ROM Correction Address Match Register n (High)

Bit: 7 6 5 4 3 2 1 0
CHAD | CHAD | CHAD | CHAD | CHAD | CHAD | CHAD | CHAD

23 22 21 20 19 18 17 16

Reset: 0 0 0 0 0 0 0 0

RW:  R/W R/W RIW RIW R/W R/W RIW RIW

AMCHIHn is an 8-bit access register.

CHADI23:16]: Correction address bits A23 to A16 (A23 = MSB)

AMCHILO-AMCHILF: ROM Correction Address Match Register n (Low)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CHAD|CHAD | CHAD [ CHAD | CHAD | CHAD | CHAD | CHAD | CHAD | CHAD | CHAD | CHAD | CHAD [ CHAD | CHAD | CHAD

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

AMCHILn is a 16-bit access register.
CHAD[15:0]: Correction address bits A15 to A0

CHDATO-CHDAT15: ROM Correction Data Register n

Bit: 7 6 5 4 3 2 1 0
CHD | CHD | CHD CHD CHD CHD | CHD | CHD

7 6 5 4 3 2 1 0
Reset: 0 0 0 0 0 0 0 0

RW:  R/W R/W RIW RIW R/W RIW RIW RIW

CHDATnN is an 8-bit access register.
CHD7: Correction data bit D15 or D7 for address n
CHDG6: Correction data bit D14 or D6 for address n
CHDS5: Correction data bit D13 or D5 for address n
CHDA4: Correction data bit D112 or D4 for address n
CHD3: Correction data bit D11 or D3 for address n
CHD2: Correction data bit D10 or D2 for address n
CHD1.: Correction data bit D9 or D1 for address n
CHDO: Correction data bit D8 or DO for address n

Panasonic Semiconductor Development Company MN2102H75K/F75K/85K/F85K LSI User Manual

292

Panasonic



I12C Bus Controller
Description

13 12C Bus Controller

13.1 Description
The MN102H75K/85K contains onéd bus controller, fully compliant with the
1’C specification, that can control one of € Ibus connections.

An12C bus is a simple, two-wire bus for transferring data between ICs. Since it
requires only two lines, a serial data line (SDA) and a serial clock line (SCL), it
minimizes interconnections so ICs have fewer pins and there are less PCB tracks.
The result is smaller and less expensive PCBs. Figure 13-1 shows a l%(pical I

bus application.

MCU 1

MCU 2

Data line (SDA)

Clock line (SCL)

Display

Serial memory

Figure 13-1 Example of | 2C Bus Application

In an FC bus system, devices are considered as masters or slaves when performing
data transfers. A master is the device that initiates a data transfer on the bus and
generates the clock signals to permit that transfer. At that time, any device
addressed is considered a slave. Table 13-1 defines $6rhed terminology.

Table 13-1 12C Bus Terminology

Term Description
Transmitter The device that sends the data to the bus
Receiver The device that receives the data from the bus
Master The device that initiates a transfer, generates clock signals, and termi-

nates a transfer

Slave The device addressed by a master

Multimaster More than one device capable of controlling the bus can be connected
to it. More than one master can attempt to control the bus at the same
time without corrupting the message. The system is not dependent on
any single master.

Arbitration Procedure to ensure that, if more than one master simultaneously tries
to control the bus, only one is allowed to do so and the message is not
corrupted. The device that loses arbitration becomes the slave of the
device that wins.

Synchronization | Procedure to synchronize the clock signals of two or more devices
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Figure 13-2 shows an example of 48 bus configuration using two microcon-
trollers. Both ¥C bus lines, SDA and SCL are bidirectional lines, connected to a
positive supply voltage via a pullup resistor. The open-drain output pins of the
microcontrollers perform the wired-AND function on the bus. The software
controls when each microcontroller operates as a transmitter or receiver, or
whether is in master or slave mode.

Py P VDD

Pullup R
resistors

Data line (SDA)

Clock line (SCL)

gy g g | JE—

| ¢
R —|
Data

output =

1
1IClock output —|
Data
Data input

output —=

Clock input

Data input

Device 1 Device 2

Figure 13-2 Connection of Two Microcontrollers to the | 2C Bus

Table 13-2 describes the four possible operating modes for devices 66 the |
bus.

Table 13-2 Operating Modes for Devices on an | 2C Bus

Operating Mode Description

Master transmitter | Device that generates the serial transfer clock (SCL) signal and
transmits serial data to a slave device in sync with SCL

Master receiver Device that generates the SCL signal and receives serial data from
a slave device in sync with SCL

Slave transmitter Device that transmits data in sync with the SCL signal from the mas-

ter
Slave receiver Device that receives data in sync with the SCL signal from the master
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Description
Figure 13-3 shows the MN102H75K/85K operation sequence in each of these
modes. In all modes, théa bus controller generates an interrupt after each data
byte transfer, then the software loads the next data byte.
Interrupt Interrupt Interrupt
MN102H51K R/W =0
Address . .
@ S (7 bits) R/W Data (8 bits) Data (8 bits) P
Slave ACK ACK ACK
Normally ACK =0
A. Master Transmitter
ACK = 1 signals transfer
end to slave transmitter.
Interrupt Interrupt Interrupt
MN102H51K RIW =1
Address
(vaster) | s (7 bits) |RW ACK ACK| P
Slave ACK| Data (8 bits) Data (8 bits)
B. Master Receiver
R/W =1
ya Ack =0 Ack = 1
Address
Master S (7 bits) R/W ACK ACK| P
@ ACK| Data (8 bits) Data (8 bits)
MN102H51K
Interrupt Interrupt Interrupt
When the microcontroller is addressed, ACK = 1 signals transfer
it outputs ACK = 0 and sets the AAS bit end to slave transmitter.
of the I2CDREC register to 1.
C. Slave Transmitter
R/W =0
Address . .
Master S (7 bits) R/W Data (8 bits) Data (8 bits) P
@ ACK ACK ACK
MN102H51K
Interrupt Interrupt Interrupt
When the microcontroller is addressed,
it outputs ACK = 0 and sets the AAS bit Interrupt
of the I2CDREC register to 1.
STS setsto 1.
D. Slave Receiver
Figure 13-3 12C Bus Interface Operation
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13.2 Block Diagram
SDA Digital
A filter D[14 :0]
¢ ’ Bus buffer “74
T T l T T
Parallel-to-serial <—‘MSB‘Transmission data re iSter‘LSB‘
Data bus ‘ converter i g
controller Serial-to-parallel Tt
—> conveeter %MSB‘ Reception data register‘LSB‘
o l
’ Address comparator ‘
scL Digital ——
A | filter N Address register ‘4'
‘ T T T [T T T T
’ Clock register ‘4’
Clock ]
controller Control register STA STo‘ACK‘4
Status register N MODE |STS|LRB|AAS] LAB‘ BB ‘k
I i
Y Y
Bus busy logic Register control
Arbitration logic 12C sequence controller
Clock prescaler

Figure 13-4 1 2C Bus Controller Block Diagram

13.3 Functional Description

The PC bus controller contains the registers shown in table 13-3. See the page

number indicated for register and bit descriptions.

Table 13-3 Control Registers for Clamping Circuit

Register |Page |Address Description
I2CDTRM 304 | x'007E40’ | IC transmission data register
I12CDREC 305 | x'007E42 | I2C reception data register
12CMYAD 305 | x'007E44’ | IC self address register
12CCLK 306 | x'007E46’ | I2C clock control register
I2CBRST 306 | x'007E48' | I°C bus reset register
12CBSTS 306 | x'007E4A’ | I2C bus status register

®  Arbitration and bus busy control

The FC bus controller allows software control, but implements communication
timing and bus arbitration completely in the hardware.

¢ Arbitration: Controlled by the software, but implemented completely
in the hardware.

¢ Bus busy:Checked by the hardware. This eliminates the need for the

software to check whether the bus is busy. The program can request a

transfer to theC bus at any time.
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B Reqgister settings conversions to | 2c protocol
The FC bus controller converts the data in the I2CDTRM register tc’@e |

protocol.

m  Transfer modes changes
A write to the I2CDTRM register indicates the transfer mode (master transmitter/
receiver or slave transmitter/receiver) for a new transfer. To minimize software
control, the hardware generates an interrupt each time a transfer ends. During
interrupt servicing, the SCL line stays low, then clears to high on a write to
I2CDTRM. (When the microcontroller is a slave transmitter and the transfer
ends, SCL goes high on a read to the I2CDREC register after an ACK = 1
(negative acknowledge) interrupt.)

B Multimaster support
The hardware performs bus arbitration for a multimaster system. When it loses
an arbitration, the hardware immediately stops the data transfer and generates an
interrupt.

m  Address decoding
The PC bus controller decodes the microcontroller’s address, set in the
I2CMYAD register, when the microcontroller is a slave device. It also decodes
the general code address (0).

m  Forced bus reset
Through software control, by a write to the I2CBRST register,zmet)US con-
troller can force the SCL line to reset to low when a bus error occurs. This resets
the entire C bus controller circuit, leaving the microcontroller in slave receiver
mode. It does not change the contents of the I2CMYAD and I2CCLK registers.

m  Clock frequency adjustment
The I2CCLK register sets the serial clock frequency, allowing synchronization
with low-speed devices. With a 12-MHz oscillator, the maximum setting is 100
kHz and the minimum setting is 10 kHz.

m  Bus state monitoring
With the I2CBSTS register, théa bus controller determines the logic levels of
the SCL and SDA lines.
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13.4 Setting Up the | 2C Bus Connection

Set the C connection in the I2CSELO and I2CSEL1 bits of the PCNTO register
(X’'00FF90"). Since the SCLO, SDAO, SCL1, and SDA1 pins also serve as
general-purpose port pins, and reset to the general-purpose function, you must set
these bits every time the program uses faefinction. You must also select the

I2C function in the port mode registers. F€ bus connection 0, set bits 0 and 1

of the P6MD register (X00FFFC’). FofQ@ bus connection 1, set bits 1 and 2 of

the POMD register (xX’'00FFFQ).

Table 13-4 shows the register settings required to use either SDAO/SCLO or
SDA1/SCL1 alone, and figure 13-5 shows the control circuit for this pin setup.

Table 13-4 Registers Settings for SDAO/SCLO or SDA1/SCL1 Ports

Register Bit SDAO, SCLO Only SDA1, SCL1 Only
POMD (x'00FFFO0) 1 0 (selects P01) 1 (selects SDA1)
2 0 (selects P02) 1 (selects SCL1)
P6MD (X'00FFFC’) 0 1 (selects SDAO) 0 (selects P60)
1 1 (selects SCLO) 0 (selects P61)
PCNTO (x'00FF90") 8 1 (enables SDAO, SCLO0) 0 (disables SDAO, SCLQ
9 0 (disables SDA1, SCL1) 1 (enables SDA1, SCL1|

Port control register 0
X'00FF90’ bit 8
12CSELO
Ion

Figure 13-5 Pin Control Circuit for the |

}0: off
S5 o—q H SDA (
12CSELO
SDA IN X'00FF90' bit 9
_\—g)/' [ ] spa1
| |€—
SDA OUT ] q %_
Port control register 0
X'00FF90' bit 8
|2C 12CSELO
Circuit /L
S Q—T—D SCLO
12CSELO
SCL IN X'00FF90' bit 9
KL( [] scu
)| | €
SCL OUT | EJ q %_

2C Bus Controller
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13.5 SDA and SCL Waveform Characteristics
Figure 13-6 and table 13-5 provide the timing definitions and specifications for
the for the MN102H75K/85KC bus interface.

on LT/ 4 /S | S

: e 1IE tuo DAT—»E — tsu; DAT*’E — fsu; STA IL%' r’: boi STA {5y STO :Hﬁi
T L ! o 1 1 Lt
ol 11 i S S AR
I B o S N —
e a e
tioiSTA  tiow tr thien te
Figure 13-6 SDA and SCL Waveforms
Table 13-5 SDA and SCL Waveform Characteristics
Parameter Symbol | Min Max  |Unit
SCL clock frequency fscL 0 100 kHz
Bus free time between a stop and start condition tBUE 20 — ps
Hold time (repeated) start condition tHD:STA 4.0 —
Low period of the SCL clock tLow 4.7 —
High period of the SCL clock tHIGH 4.0 —
Setup time for a repeated start condition tsu:sTA 4.7 —
Data hold time tHD:DAT 300 — ns
Data setup time tsu:paT 250 —
SDA and SCL rise time R — 1000
SDA and SCL fall time te — 300
Stop condition setup time tsu:sto 4.0 ps
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13.6 1°C Interface Setup Examples

13.6.1 Setting Up a Transition from Master Transmitter to Mas-
ter Receiver

This example demonstrates how to set up a data transfer when changing from

master transmitter to master receiver. Figure 13-7 shows an example waveform.

13.6.1.1Pre-configuring

B To set up the I/O port:
Set port control register 0 (PCNTO; xX’'00FF90’) to x’0100’ (enabling the SDAO

and SCLO pins) and set the port 6 output mode register (P6MD; xX’'00FFFC’) to
x'0003’ (selecting the SDAO and SCLO functions).

®m  To enable | 2C interrupts:
Setthe fC interrupt control register pair (I2COICH and 12COICL; xX'00FC9C’) to

x'0100'.

m  To set up the | 2C registers:
1. Setthe I2CCLK register (x’007E46’) to x’0041’, selecting a clock frequency
of 80 kHz.

2. Setthe I2CDTRM register (x'007E40") to x'05FD". This sets STAto 1, STP
to 0, and ACK to 0. Bits 7 to 1 of the transmission data setting (x'FD") indi-
cate the address (b'1111110") of the slave device from which the microcon-
troller will request the data, and bit O indicates the read/write setting (bit 0 =
1 =read).

13.6.1.2Setting Up the First Interrupt
When an ACK = 0 signal returns from the slave device,48ebus controller
generates an interrupt. At this point, implement the following settings:

B To set up the interrupt:
Set the 12COICH and I2COICL register pair (X 00FC9C’) to x'0100’. This
enablesiC interrupts and clears the previous interrupt request.

m  To set up the | 2C registers:
1. Read the I2CDREC register (xX'007E42’) to determine 48ebus controller

status.

2. Since the microcontroller will become a receiver on the next operation, set
the I2CDTRM register (x’007E40’) to x’0000'. This sets STA, STP, ACK,
and the transmission data to 0s. With this setting, the microcontroller returns
an ACK = 0 signal on the ninth clock.
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Data
(slave address)

SDA

scL |

13.6.1.3Setting Up the Second Interrupt

When the microcontroller receives the data x’85’ from the slave device, it returns
an ACK = 0 signal and théC bus controller generates an interrupt. At this point,
implement the following settings:

To set up the interrupt:
Set the 12COICH and 12COICL register pair (x*00FC9C’) to x'0100’. This
enables4C interrupts and clears the previous interrupt request.

To set up the | ’c registers:
1. Read the I2CDREC register (X'007E42’) to determine 48ebus controller

status.

2. Since the communication will end when the microcontroller receives the
next data byte, set the I2CDTRM register (x’007E40") to x’0100’. This sets
STAto 0, STP to 0, ACK to 1, and the transmission data to x'00’. With this
setting, the microcontroller returns an ACK = 1 signal on the ninth clock.

13.6.1.4Setting Up the Third Interrupt

When the microcontroller receives the data x’33’ from the slave device, it returns
an ACK =1 signal and théC bus controller generates an interrupt. At this point,
implement the following settings:

To set up the interrupt:
Set the 12COICH and 12COICL register pair (x00FC9C’) to x'0100’. This

enablesiC interrupts and clears the previous interrupt request.

To set up the | 2C registers:
1. Read the I2CDREC register (x'007E42’) to determine 48ebus controller

status.

2. Since the transfer has ended, set the I2CDTRM register (x’007E40Q’) to
x'0300'. This sets STAto 0, STP to 1, ACK to 1, and the transmission data
to x’00’. With this setting, the microcontroller issues a stop condition and
frees the bus.

Note: The circled areas are signals output from the MN102H75K/85K.

Figure 13-7 Waveform for Master Transmitter Transitioning to Master Receiver
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13.6.2 Setting Up a Transition from Slave Receiver to Slave
Transmitter

This example demonstrates how to set up a data transfer when changing from

slave receiver to slave transmitter. Figure 13-8 shows an example waveform.

13.6.2.1Pre-configuring

B To set up the I/O port:
Set port control register 0 (PCNTO; x’00FF90’) to x'0300’ (enabling the SDA1
and SCL1 pins) and set the port 0 output mode register (POMD; xX’'00FFFQ’) to
x’0006’ (selecting the SDA1 and SCL1 functions).

®m  To enable | 2C interrupts:
Set the 4C interrupt control register pair (I2COICH and I2COICL; X' 00FC9C’) to
x'0100'.

m  Tosetupthel ’c registers:
1. Setthe I2CMYAD register (x’007E44’) to x’0024'. This sets the slave
address of the microcontroller.

2. Setthe I2CDTRM register (x’007E40’) to x’0000’. This sets STA, STP,
ACK, and the transmission data to 0s. With this setting, the microcontroller
returns an ACK = 0 signal when an address match occurs. The master sends
data (the slave address) to the slave microcontroller in sync with the master
clock. When the R/W bit = 1, the microcontroller changes from a slave
receiver to a slave transmitter.

13.6.2.2Setting Up the First Interrupt
Once the microcontroller becomes a slave transmitter, set up the transmission
data.

®  To set up the interrupt:
Set the 12COICH and 12COICL register pair (x*00FC9C’) to x'0100’. This

enables4C interrupts and clears the previous interrupt request.

m  To setupthel ’c registers:
1. Read the I2CDREC register (x'007E42’) to determine 48ebus controller
status. AAS should be 1.

2. Setthe I2CDTRM register (x’'007E40’) to x'0155’. This sets STAto 0, STP
to 0, ACK to 1, and the transmission data to x'55’. The microcontroller does
not need to issue an ACK signal in this transfer, so the ACK bit should be 1.

3. Begin transmitting data in sync with the clock from the master.
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13.6.2.3Setting Up the Second Interrupt
The master sends an ACK = 0 signal, so the microcontroller must send the next

data byte. Set up the transmission data as follows:

m  To set up the interrupt:
Set the 12COICH and I2COICL register pair (X 00FC9C’) to x'0100’. This

enables4C interrupts and clears the previous interrupt request.

m  Tosetupthel ’c registers:
1. Read the I2CDREC register (x'007E42’) to determine 48ebus controller
status. The previous read from I2CDREC cleared the AAS, so AAS should

be 0.

2. Setthe I2CDTRM register (x’'007E40’) to x'01AAQ’. This sets STA to 0,
STP to 0, ACK to 1, and the transmission data to X’AA. The microcontroller
does not need to issue an ACK signal in this transfer, so the ACK bit should
be 1.

3. Begin transmitting data in sync with the clock from the master.

13.6.2.4Setting Up the Third Interrupt
The master send an ACK = 1 signal, then issues a stop condition, ending the
communication.

Data
(slave address)

Note: The circled areas are signals output from the MN102H75K/85K.

Figure 13-8 Waveform for Slave Receiver Transitioning to Slave Transmitter

MN102H75K/F75K/85K/F85K LSI User Manual Panasonic Semiconductor Development Company
303

Panasonic



I2C Bus Controller
12C Bus Interface Registers

SCL is held low during interrupt
servicing, and is cleared high by
a write to I2CDTRM.

13.7 1°C Bus Interface Registers
All registers in fC blook cannot be written by byte (by word only). Read by byte

is possible.
I2CDTRM: 12C Transmission Data Register x'007E40’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

— — — — — STA | STO| ACK| DT7| DT6| DT5| DT4| DT3| DT2| DT1| DTO

Reset: 0 0 0 0 0 0 o] o]

0 0 0 0 0 0 0 0
R/W: R R R R R

RW RW RW RW RW RW RW RW RW RW RW

STA: 12C start control
STO: I2C stop control

Writing to the STA and STO bits allows you to change the state of the

transmission or reception operation. Table 13-6 shows the settings for dif-
ferent start and stop conditions.

Table 13-6 STA and STO Settings
STA |STO

Mode Function Description
0 0 Al NOP No state change
1 1 Al NOP No state change
1 0 |[Slave receiver Start

Change to mode indicated by R/W bit.
R/W = 0: Change to master transmitter
R/W = 1: Change to master receiver
Change to slave receiver after stop
condition.

Master transmitter |Repeat start

Slave receiver
Master transmitter

Stop read
Stop write

ACK: Acknowledge signal output control
The acknowledge signal is output after every byte transfer, on the ninth
clock pulse. ACK is normally 1 and transitions to O to output an acknowl-
edge (for instance if the master or slave receiver has received a data byte).
DT[7:0]: Data to be transmitted

The parallel data in this field is converted to serial data for transmission to
the PC bus. It is shifted out MSB first to the interface.
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I2CDREC: 1°C Reception Data Register x'007E42’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

— MC;_DE M%DE STS | LRB| AAS| LAB| BB D7 D6 D5 D4 D3 D2 D1 DO
Reset: 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

R/W: R R R R R R R R R R R R R R R R

The I2CDREC register contains the status bits for monitoring the device
and the reception data. I2CDREC is a read-only register.

MODE[1:0]: I°C device mode
This field indicates which?C mode the microcontroller is in. MODE1
indicates slave or master, and MODEUO indicates receiver or transmitter. If
the microcontroller loses an arbitration or if a stop condition occurs, the
hardware clears MODE[1:0] to b’00'.
00: Slave receiver 10: Master receiver
01: Slave transmitter 11: Master transmitter

STS: Stop condition at slave receiver
Set to 1 when a stop condition is detected while the microcontroller is in
slave receiver mode.

LRB: Last received bit.
Stores the last serial data bit received. LRB normally indicates the ACK
cycle data.

AAS: Addressed as slave
Set to 1 when the slave address on the bus matches the contents of the
address register or matches the general address (x’00’). AAS resets after a
read from the I2CDREC register.

LAB: Lost arbitration bit
Set to 1 when the microcontroller loses a bus arbitration. LAB resets when

I2CDTRM indicates a start condition (STA = 1).

BB: Bus busy bit
A start condition on the bus sets this flag to 0, and a stop condition resets it
to 1. The microcontroller considers the bus to be busy as long as BB = 0.

D[7:0]: Received data
The serial data received from ti€Ibus is shifted into this field MSB

first.
[2CMYAD: 12C Self Address Register x'007E44’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— — — — — — — — — A6 A5 A4 A3 A2 Al A0
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: R R R R R R R R R RW RW RW RW RW RW RW

A[6:0]: Microcontroller address
This register is formed from a 7-bit field address latch. It holds the micro-
controller's own address, used for a compare when the microcontroller is
addressed as a slave. When a match occurs, AAS is set to 1.
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Bit:

Reset:
R/W:

(1

To conform to the specification,
the clock signal must be
between 0 and 100 kHz. To sat-
isfy this requirement, always set
12CCLK to x'032’ or higher.

Bit:

Reset:
R/W:

Bit:

Reset:

R/W:

I2CCLK: 12C Clock Control Register
15

X'007E46’

14 1

13 12 11 10 9 8 7 6 5 4 3 2 0

Cc9 c8 c7 C6 C5 C4 C3 c2 Cl CqQ

0
R

0
R

0
R

0
RIW

0 0 0
RIW RW RW

0 0 0 0
RW RW R/W R/W

0 0

R RW  RW

R R

C[9:0]: Output clock frequency select
This 10-bit field determines the SCL output. With a 12-MHz system clock,
calculate the frequency as follows:

12 MHz

fscL = 2 x (Register setting + 10)

In this case, the following settings apply:

x'032": 100 kHz X'06E’: 50 kHz

x’039"; 89.6 kHz x'08C’": 40 kHz

x'041": 80 kHz X'0BE’: 30 kHz

x'04C’: 69.8 kHz x'122": 20 kHz

X'05A: 60 kHz x'24E’": 10 kHz
I2CBRST: 12C Bus Reset Register x'007E48’
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— — — — — — — — — — — — — — — |BRST
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
R R R R R R R R R R R R R R R R/W

BRST: Bus reset
When a serious bus error occurs, this bit can be set to 0, forcing the clock
line low and resetting théT bus. This function works in afC modes.
After a forced reset, the microcontroller is in slave receiver mode. This reset
does not change the contents of the I2CMYAD and I2CCLK registers.
0: Force bus to reset
1. Steady state

I2CBSTS: I2C Bus Status Register
15

x'007E4A’

14 13 12 11 10

SDAS| SCLS

0
R

0

R R R

I2CBSTS is a two-bit, read-only register that monitors the status diche |
bus.

SDAS: SDA data line status
This bit monitors the state of th&Q data line, SDA.

SCLS: SCL clock line status
This bit monitors the state of th&d clock line, SCL.
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14 H Counter

14.1 Description
The MN102H75K/85K contains two H counter circuits that can be used to count
the HSYNC signal. Each H counter consists of a 10-bit counter and 10-bit

register.

14.2 Block Diagram

Selected in SELR[20:00])/SELR[21:01] fields
of HCCNTO/HCCNT1 registers.

VIO ———
—_—> . )
VSYNC Selected in REDGO/REDGL bits
of HCCNTO/HCCNT1 registers.
1024ps [ M .
PWM10 20 s | e
.. 7
waveform —> Divider 4096 pis >
8192 us
341-ps signal 4
from PWM block
Reset
Y
: Count source
Polarity | _— " — 10-bi
> € -bit counter
HIO/HI1 > switch
HIO for H counter 0, and Selected in SEDGO/SEDGL bits Latch
HI1 for H counter 1 of HCCNTO/HCCNTL1 registers. Y
10-bit register

|

Data bus

Figure 14-1 H Counter Block Diagram

14.3 H Counter Operation
Figure 14-2 provides a schematic diagram of an example counter operation.

HIOrising-edge count

0
o L1 L[l [
. | i i i |
| | | | | |
Count N-2 N-1 N 0 1 2 3
on < X X WK X X
|
vsHie Latched on the faling edge of VS‘N(:\E\LatCh
I
I
Regster : \
setting >|< N
Note: In this example, HIO is active high and VSYCactive low.
Figure 14-2 H Counter Operation Example
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Figure 14-3 shows the input timing for the count source and reset signals. Never
input a count source signal in less than 245 psfter the reset signal input.
Otherwise, the signal may be counted as part of the previous count cycle.

HI0 counted on the rising edge

7S o N o HR e HN o B o B

I
T
| I 1
| t1 112
) e
| It12245ns 1|1 to2200ns
| |
I . I |
VIO L1
VSYNGeourted on thefalling edge b

Note: In this example, HIO is active high and VSY MCactive low.

Figure 14-3 H Counter Input Signal Timing

The 10-bit counter counts the HSYNC signal from 0 to x’3FF’, and the 10-bit
register stores the count. The H counter uses the four pins shown in table 14-1.

Table 14-1 H Counter Pins

Pin No.

Pin Name H75K H85K Description Alternative Functions
HIO 17 45 Count source pin P43/TM510B
HI1 16 46 Count source pin P44/TM5IC
VIO 6 53 Count reset pin P52/IRQ4

VSYNC 2 55 Count reset pin P54/IRQ5

To use the H counter, set the port 4 and 5 output control registers (P40UT and
P50UT) to 0 and set the H counter pins to input.

m  To use HIO, set the P4DIR3 bit (X' 00FFE4’) to 0.
m  To use HI1, set the P4DIR4 bit (X O0FFE4’) to 0.
m  To use VIO, set the P5DIR2 bit (xOOFFES5’) to 0.
m  To use VSYNG set the P5DIR4 bit (x00FFES) to 0.
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(1

To use the H counter, you must
always set the HCNTOFF bit of
the PCNTO register to 0. To use
the PWM function, always set
the PWMOFF bit of the PCNT2
register (x’'00FF92’) to 0.

The H counter counts the HSYNC signal for the interval set in the HCCNTO
(x’'007EBO’) or HCCNT1 (x'007EB2’) register, latches the count value in the 10-
bit register, then clears the counter. HCCNTO and HCCNT1 provide six interval
settings:

m  1024-us fixed interval obtained by dividing the system clock (12 MHz)

m  2048-ps fixed interval obtained by dividing the system clock (12 MHz)

m  4098-us fixed interval obtained by dividing the system clock (12 MHz)

m  8096-us fixed interval obtained by dividing the system clock (12 MHz)

m Interval from active-edge to active-edge input of VIO pin

m Interval from active-edge to active-edge input of VSYNC pin

If your application uses one of the fixed clocks based on divided PWM output

(1024, 2048, 4098, or 8096 us), you must also set up the PWM circuit. (See
section 10, “Pulse Width Modulator,” on page 249.)

When the count overflows (is greater than x'3FF’), the counter stops counting
and stores the value x’3FF’ in the 10-bit register. At any time, the CPU can
obtain the count value stored in the latch by reading the HCDO (x’007EB4’) or
HCD1 (x¥’007EB®’) register.

To enable or disable the H counter function, set the HCNTOFF bit of the PCNTO
register (XO0FF90’; see page 286). Disabling this circuit when it is unused can
reduce power consumption.

Because the H counter uses the system clock, it does not operate in STOP mode.
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14.4 H Counter Control Registers
All registers in H Counter block cannot be written by byte (by word only). Read
by byte is possible.

HCCNTO: H Counter Control Register 0 x'007EBO’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SED | RED | SELR| SELR| SELR
GO GO 20 10 00

Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R RW RW RW RW RW

SEDGO: Polarity select for count source signal (HI0)
0: Active low

1: Active high

SEDGO: Polarity select for reset signal
0: Active low
1: Active high

SELR20:00]: Reset signal select
000: 1024 ps
001: 2048 ps
010: 4096 ps
011: 8192 ps
100: VIO
101: VSYNC

All other settings default to 1024 ps.

HCCNT1: H Counter Control Register 1 x'007EB2’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SED | RED | SELR| SELR| SELR
G1 G1 21 11 01

Reset: 0 0 0 0 0 0 0 o] 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R RW RW R/W RW R/W
SEDG1: Polarity select for count source signal (HI1)
0: Active low
1: Active high

SEDG1: Polarity select for reset signal
0: Active low
1: Active high

SELR[21:01]: Reset signal select
000: 1024 ps
001: 2048 ps
010: 4096 ps
011: 8192 ps
100: VIO
101: VSYNC

All other settings default to 1024 ps.
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HCDO: H Counter Data Register 0 x'007EB4’

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

HCD | HCD | HCD | HCD | HCD | HCD | HCD | HCD | HCD | HCD
90 80 70 60 50 40 30 20 10 00

Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

HCD[90:00]: Count from HIO source signal
This field stores the HIO clock source count. It becomes x’3FF’ on over-

flow.
HCD1: H Counter Data Register 1 x'007EB6’
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | _ | _ | _ | _ |HCD|HCD|HCD | HCD | HCD | HCD | HCD | HCD | HCD | HCD
91 81 71 61 51 41 31 21 11 01
Reset: 0 0 0 0 0 0 0 o] 0 0 0 0 o] 0 0 0

R/W: R R R R R R R R R R R R R R R R

HCD[91:01]: Count from HI1 source signal
This field stores the HI1 clock source count. It becomes x’3FF’ on over-
flow.
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Appendix ARegister Map

Table A-1 Register Map: X'007EOQQ’ to X007FFF'  (Registers in this area cannot be written by byte only by word.)

20 4LSBs Description
MSBs F E D C B A 9 8 7 6 5 4 3 2 1 0
007E00 |CRM4 CRISCRI2ICRIL | cappa | ACQL | YB' Hnum|sLsF stHD|Max | min | SE | Fc

FQW | FQW | FQW | FQW

007E10 [FCPNUM| STAP DATAE DATAS CRIZE CRI2S CRI1E CRI1S

c
RQ all VBI 1 registers

CRI4 | CRI3 | CRI2 | CRI1 SL
007E20 |FQw | FQw | FQw  FQw | CAPDAW | ACQ1W |F\e/g\|/v H'\\'IVM Sb\fF S';AF,'D MV/\*,X MINW| CNT | FCW
wWiwlw @ w w VBI 2 registers

007E30 [FCPNUMW| STAPW | DATAEW | DATASW | CRI2ZEW | CRI2SW | CRI1EW | CRI1SW

007E40 I2CBSTS | I12CBRST| 12CCLK [I2CMYAD |I2CDREC |I2CDTRM| I2C interface registers
007E50
007E60
007E70 PWM6G PWM5 PWM4 PWM3 PWM2| PWM1 PwWMO PWM registers
007E80
007E90
007EAOQ RML RMT RMS RMC RMT RMIR RMIS| Remote signal receiver registers
D R R s c
007EBO HCD1 HCDO J',\?Tol Sﬁ% H counter registers
007ECO | HSEP1 | CLAMP | SPLV |sp S/NC| BPPST | SCMING | FQSEL | NFSEL
007EDO CLplcND HVCOND| VCNT |HDISTW |HLOCKLV| FIELD | HSEP2 Syne separator  registers
007EEO |HSEP1W |CLAMPW| SPLYW | B0V S¥NC| BppSTW SC'\\;UNG FQSELW | NFSELW
ADIS- oK. Sync separator 2 registers

007EFO CLPCND1W|HVCONDW [ VCNTW FIELDW |HSEP2W

TWW Lww

GROMEN | CROMEN
D D

007F10 CIVP CIHP GIVP GIHP SVP SHP sTco | OSD control registers

007F00 EVOD |HCOVNT| OSD3 0sD2 OSD1 |RAMEND

007F20 STC3 STC2 STC1 SHTC HSHT1 | HSHTO | VSHT1 | VSHTO

007F30

TESTA SBFNUM
007F40 (test register) | (test register)

VBI 1 test registers

007F50

TESTAW SBFNUMW
007F60 (test register) | (test register)

VBI 2 test registers

007F70

007F80 CPT7 CPT6 CPT5 CPT4 CPT3 CPT2 CPT1 CPTO

OSD text color palette
007F90 | CPTF CPTE CPTD CPTC CPTB CPTA CPT9 CPT8

007FAOQ WBSHD | BBSHD | FRAME COLB | OSD text effects registers

007FBO

007FCO | GPT17 | GPT16 | GPT15 | GPT14 | GPT13 | GPT12 | GPT11l | GPT10
OSD graphics color palette 1

007FDO | GPT1F | GPT1E | GPT1D | GPT1C | GPT1B | GPT1A | GPT19 | GPT18

007FEO | GPT27 | GPT26 | GPT25 | GPT24 | GPT23 | GPT22 | GPT21 | GPT20
OSD graphics color palette 2

007FFO0 | GPT2F | GPT2E | GPT2D | GPT2C | GPT2B | GPT2A | GPT29 | GPT28
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Table A-2 Register Map: x’'00FC00’ to X' 00FDFF’

20 4LSBs Description
MSBs [F TE[D C|B A9 8|7 65 43 21 0 P
00FCO00 IAGR CPUM | Special function registers
00FC10
00FC20
00FC30
Q1 | I1Q1 | 1Q0 | 1Q0 El Pl WD
00FC40 ICH | ICL | ICH | ICL ICR ICR ICR
Q5 | 1Q5 | 1Q4 | 1Q4 Q3 | 1Q3 | 1Q2 | I1Q2
00FC50 ICH | ICL | ICH | ICL ICH | ICL | ICH | ICL
00FC60 VBIW | VBIW |[TM5UD TM5UD [TMSCA | TM5CA [TM5CB | TMsCB| VBI | VBl [TM4UD TM4UD|TM4CA | TM4CA|TMA4CB | TM4CB
ICH ICL ICH ICL ICH ICL ICH ICL ICH ICL ICH ICL ICH ICL ICH ICL
00FC70 ADMO|ADMO [ADM1 ADM1|ADM2|ADM2[ADM3 ADM3| RMC | RMC |tmoup TMoup [Tmiup | Tmiub|Tmzup Tvzup| Interrupt controller registers
ICH | ICL | ICH | ICL | ICH | ICL | ICH | ICL | ICH | ICL | ICH | ICL | ICH | ICL | ICH | ICL
VBIV | VBIV
TM3UD TM3UD VBIV | VBIV SCRO|SCRO|SCTO | SCTO| AN | AN
00FC80 ICH | IcL |¥,VH %VL ICH | ICL ICH | ICL | ICH | ICL | ICH | ICL
OSD | OSD
I2C | 12C |SCR1/SCR1|SCT1|SCT1 0sDC|0SDC
00FC90 ICH | ICL | ICH | ICL | ICH | ICL ICH | ICL I((33H |(ch
00FCAO
00FCBO
00FCCO
00FCDO
00FCEO
ROMCTSTH | ROMCTSTL ROM correction registers and
O0FCFO | et registen) | test registen) EXTMD ROMCEN| eyternal interrupt mode register
AMC AMC AMC AMC
00FDO00 Hina |AMCHIL3 itz |AMCHIL2 Hia |AMCHIL1 Hito |AMCHILO
AMC AMC AMC AMC
00FD10 HiHz |AMCHIL? Hine | AMCHILG Hiks | AMCHILS Hina | AMCHIL4| RoM correction address match
AMC AMC AMC AMC registers
00FD20 ke [AMCHILB kA [AMCHILA it |AMCHIL9 Hins |AMCHILS g
AMC AMC AMC AMC
00FD30 ik |[AMCHILF uiHe [AMCHILE Hikp |AMCHILD Hite |AMCHILC
CH CH CH CH
00FD40 DAT3 DAT2 DAT1 DATO
CH CH CH CH
00FD50 DAT7 DAT6 DAT5 DAT4 . .
ROM correction data registers
00ED60 CH CH CH CH
DATB DATA DAT9 DAT8
CH CH CH CH
00FD70 DATF DATE DATD DATC
SC1 | sc1 SscTsT | SCO | SCo L .
00FD80 STR | TRB SC1CTR (testregisten) | STR | TRB SCOCTR | Serial interface registers
00FD90
O0OFDAO
00FDBO
00FDCO
O0OFDDO
OOFDEO
O0OFDFO
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Table A-3 Register Map: xX’'00FE0OQ’ to X’'00FFFF’
20 4 LSBs

MSBs |F E|D|/C|[B|A|9 8 |7]|]6|5 4]3[2]1 0
TM3 | TM2 [ TM1 | TMO

Description

00FEOQOD BC BC BC BC
TM3 | TM2 | TM1 | TMO

ZEEE:Z TE;\Z TBNTZ TB’\ARl TB'\/TO 8-bit timer registers
MD | MD | MD | MD

O00FE30 (te-;\/lrse;iss-trer)

00FE40

00FE50

00FE60

00FE70

00FES80 O;ﬂgigo(TM§CBx TM4CB (TMﬁCAX TMACA | TM4BC | TM4MD | 16-bit timer 4 registers

00FE90 O;ﬂgigo(TM§CBx TM5CB (TM§CAX TM5CA | TM5BC | TM5MD | 16-bit timer 5 registers

00FEA0

00FEBO

00FECO

00FEDO

00FEEO

00FEFO

00FF00 | AN3BUF | AN2BUF | AN1BUF | ANOBUF ANTST ANCTR

(test register)

00FF10 |AN11BUF|AN10BUF| AN9BUF | ANS8BUF | AN7BUF | AN6BUF | ANSBUF | ANABUF

ADC registers

00FF20

00FF30

00FF40

00FF50

00FF60

00FF70 FBEWER EFéEx FAREG | FDREG | FCREG r':égfsﬁerpsemorywme control
00FF80 MEMMD1 | EXWMD iﬁg’;ﬂmemorywamon”o'
00FF90 PCNT2 | PCNTO

00FFAQ (tes’:;(r:g‘g-:—.;,lter)

O0FFBO PF:JBP PTJ7P PF:JGP PFiJSP PTJ4P P'TJSP PF:JZP PFiJlP PTJOP

00FFCO OPL,?T oPu7T OPL,?T OPL,?T OPJT OPL?T oPuZT oPulT OPL?T /O port control registers
00FFDO N N wlw | wlw|w|w|w

00FFEQ or| |or| | or|or| ok | ok | ok | ok | ok

00FFFO oo o oo oo | PamD | PimD o
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Description

Appendix BMN102HF75K Flash EEPROM Version

(1

A cycle of erasing to programing is
counted as one time no matter how
many blocks are rewritten.Even
when the multi-block is rewritten
separately or the same block is
rewritten, each block rewrite is
counted.For example,rewriting
Block1,Block2 and Block3 respec-
tively is counted as 3 times. There-
fore, to program efficiently, rewrite
all blocks in the lump.

B.1 Description

The MN102HF75K and MN102HF85K are electrically programmable, 256-
kilobyte flash ROM versions of the MN102H75K and MN102H85K. They are
programmed in one of two modes:

m  PROM writer mode, which uses a dedicated adaptor socket and writer. In
this mode, the user program can occupy the entire 256-kilobyte ROM space.

m  Onboard serial programming mode, which the CPU controls. This mode
requires an 8-kilobyte ROM area to hold a serial writer program.

In onboard serial programming mode, the 256-kilobyte flash memory is divided

into three main areas:

m Load program area (1 kilobyte: x’'0x80000 to x'0x803FF) This area stores the
load program for the serial writer. It is overwritten in PROM writer mode.

m  Fixed user program area (7 kilobytes: x’0x80400 to xX’'Ox81FFD) This area
stores a user program that is write-protected in serial programming mode. It
is overwritten in PROM writer mode.

m  User program area (248 kilobytes: x’0x82000 to xX’OxBFFFD) This area
stores the user program. It is overwritten in both programming modes.

The two words xX’0x81FFE’ and x’OxBFFFE’ are test areas. Do not use these two
words in your programs.

Table B-1 summarizes the programmable areas for the modes. Normal operation
is guaranteed with up to ten programmings.

Table B-1 Programmable Areas in Each Programming Mode

Programming Mode Programmable Area

PROM writer programming mode Entire memory space (256 KB)

Onboard serial programming mode User program area (248 KB)

X'0x80000 1KB

COXB0400" Load program area
7 KB

X'0x81FFE'

X'0x82000' Fixed user program area

Test area (1 word)

248 KB

User program area
X'OXBFFFC'
bt I oS word

The shaded regions are write-protected in this mode. Cross-hatched regions are
test areas (not for use in user programs).

Note:

Figure B-1 Memory Map for Onboard Serial Programming Mode
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Benefits
B.2 Benefits
Because you can maintain and upgrade the program in the MN102HF75K/85K
up to and immediately following product release, this version of the device
shortens time-to-market by as much as one month. This device is ideal for appli-
cations in quickly changing markets, since it allows you to revise the microcon-
troller program in an existing product.
B.3 Using the PROM Writer Mode
In this mode, the MN102HF75K allows a PROM writer to program the internal
flash memory as if it was a standalone memory chip. The microcontroller is
inserted into a dedicated adaptor socket, which connects to DATA-I/O’s LabSite
PROM writer. When the microcontroller connects to the adaptor socket, it auto-
matically enters PROM writer mode. The adaptor socket ties the microcontroller
pin states to PROM writer mode, and programming occurs without any reference
to the microcontroller pin states.
‘ /
@ MN102HF85K
d Adaptor socket for MN102HF85K
Third-party
PROM writer
MN102HF75K
Adaptor socket for MN102HF75K
Figure B-2 PROM Writer Hardware Setup
VPP [1] N4 [42] A17
NCE [2] [41] NWE
/015 [3] [40] MODE
/014 [4] [39] A15
/013 [5] [38] A14
1012 [6] [37] A13
o1l [7] [36] A12
/o010 [8] [35] A11
1109 [9] [34] A10
/08 [10] [33] A9
ERASE [11] [32] vss
107 [12] [31] A8
1106 [13] [30] A7
1105 [14] [29] A6
1104 [15] [28] A5
1103 [16] [27] A4
102 [17] [26] A3
/01 [18| [25] A2
/00 [19] [24] A1
NOE [20] [23] A0
A16 [21] [22] vDD
Figure B-3 Pin Configuration for Socket Adaptor
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Using the PROM Writer Mode

Table B-2 PROM Writer Hardware

Ordering information:
Part no.: FLS84F18--102HF57

OEM: Matsushita Electric Indus-
trial Co., Ltd.

Device
Hardware Part MN2102HF75KBF MN2102HF85KDP
Package
(external view)
Installed in l
84-pin QFP 64-pin SDIP
Adaptor
Installed in l & a5 @ Panasonic
)
 —
O gl ©)
VO Set this switch to the right.

Ordering information:
Part no.: FLS64SD-102HF51

OEM: Matsushita Electric Indus-
trial Co., Ltd.

Third-party PROM
writer

Gang writer

| —
oOooo o

[II]I]I]I]I]I]I]D

00oooood

Model: 1930

OEM: Minato Electronics
4105 Minami Yamada-cho
Tsuzuki-ku

Yokohama, Japan

Tel: 045-591-5605

Single-unit writer

Model: LabSite DIP 48-1
OEM: DATA-I/O

Osaki CN Building, 2F
5-10-10 Osaki, Shinagawa-ku
Tokyo, Japan

Tel: 03-3779-2040

Check the following web page of our microcomputer division for the writer
matching information.

http://www.mec panasonic.co.jp/sc/division/micom
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B.4 Using the Onboard Serial Programming

Mode
The serial programming mode is primarily used to program the flash ROM in
devices that are already installed on a PCB board. Panasonic provides the ded-
icated hardware and software for this mode. This section describes the microcon-
troller hardware, system configuration, software register map, and protocol for
this type of programming operation.

Onboard serial writer

Television set

Serial communication ]_E::] “““““

vvvvvvvvvv

g 000
O

Program
for TV

Ll
TTTTTTTT

16-bit microcontroller
with flash EEPROM

vvvvvvvvvv

Figure B-4 Serial Writer Programming Configuration

®  Hardware requirements:
¢ Onboard serial writer (YDC model AF200 (provisional))

¢+ Add-on circuit for target board

¢ Flash programming connectors or pins for target board

m  Software requirements:
¢ Serial writer load program, installed in first kilobyte of MN102HF75K/

85K EEPROM

¢+ Programming algorithm for operating the onboard serial writer
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B.4.1 Configuring the System for Onboard Serial Programming

Target board
AC adaptor power source

(]
Vbp
Target board
/ic &
card

Serial writer
(AF200 flash microcontroller
programmer (provisional))

Figure B-5 Serial Writer Hardware Setup

The workstation containing the program data sends the program to the serial
writer through an IC card. Through serial communication, the serial writer
programs the flash memory inside the microcontroller on the target board. You
must supply an externalpy source to the target board. The serial writer supplies
the Vppsource.

You must provide the personal computer that holds the IC card. To order the
serial writer, contact:

(Provisional)

Yokogawa Digital Computer Co., Ltd.

Microcontroller System Joint Headquarters, Equipment Business Center
Keio Fuchu 1-chome Building, 7F

1-9 Fuchu-cho, Fuchu-shi

Tokyo, Japan

Model: AF200 flash microcontroller programmer
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B.4.2 Circuit Requirements for the Target Board

¢7 Target board
Vpp=+5V e}
vpF> (for level detection) o 1, VoD
pp (for level detection ¢7
RST 10 kO %% @] Do
Serial RS Vep
: BT T 1l
writer S SBT1 MCU /
SBD I SBD1 External
GND power source
3.0V-33V
GND

Figure B-6 Target Board—Serial Writer Connection

Table B-3 Pin Descriptions for Target Board—Serial Writer Connection

Pin Name Description

Vpp 5-V power supply

Vpp 3.0-3.3 external power supply

Vpp (for level detection) | Vpp level detection pin for target board

RST Reset

SBT Serial interface clock supply
SBD Serial interface data supply
GND Ground

Note: 1. During normal microcontroller operatiorpashould always be equal to
Vpp (3.3 +0.3 V). Apply 5V to the Wpsupply only when programming
the flash memory.

m  During programming, the serial writer suppliespfo the microcontroller.
Install a switch on the target board to toggle betwepp 8tpplied by the
serial writer and \p for normal operation.

m In serial programing a large-scale of current flows through Vpp. See to it that
5V is supplied to Vpp by checking the connection and reducing the
impedance of switches.

m  You must supply a Mp source of 3.0 V — 3.3 V externally.

m  Vpp (for level detection) informs the serial writer of the actughVevel of
the target board. If thepf level is too low, the serial writer generates an
error message.

m  Connect pullup resistors on the target board to the BBT, and SBD pins.
Use a pullup resistor value of 1@k10%.Install a switch on the target
board to toggle between REJ serial programming and RS®r normal
operation. Alternatively, install a wired-OR connection. For a wired-OR
connection, disable RS®r normal operation during serial programming.

m RST, SBT, and SBD are output from the serial writer through an open con-
nection.
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B.4.3 Microcontroller Hardware Used in Onboard Serial Pro-
gramming

B.4.3.1 Serial Writer Interface Description
The microcontroller contains the following interface hardware for serial pro-
gramming of the flash ROM:

m  One 8-bit serial interface (use serial interface 1):
+ Data transmission and reception synchronize with external clock
¢ Transmission bit LSB first
¢ Maximum clock speed 10 MHz
¢ Positive 1/0O logic
m  Two I/O pins:
¢ SBT1 and SBD1 pins (with alternate I/O port functions)

B.4.3.2 Serial Writer Interface Block Diagram

> RXD TXD »[ | P25, TM4I0B, SBD1

RXC,TXC |[«———— | P24, TM4IC, SBT1
RST [«———[ ] RST

8-bit serial interface
(use serial interface 1)

Figure B-7 Serial Writer Interface Block Diagram

When programming the memory, you need not be aware of these microcontroller
hardware connections. However, it is vital that you take these connections into
account when designing your target board, so that the serial writer can program
the device correctly, and so that SBD1 and SBTL1 are dedicated pins for the serial
writer, preventing other user circuits from communicating with the device.
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B.4.4 Microcontroller Memory Map Used During Onboard
Serial Programming

B.4.4.1 Flash ROM Address Space

Table B-4 Flash ROM Address Space in Serial Programming Mode

Address Size Description

x'0x80000’ 1KB Serial writer load program area
|

x'0x803FF'

x'0x80400’ 7 KB Fixed user program area

X'Ox81FFF’

x'0x82000’ 8 bytes | Security code
I
x’0x82007

x'0x82008’ 8 bytes | Reserved area
|
x'0x8200F’

x'0x82010’ 8 bytes | Branch instruction to reset service routine
x’0x8|2017’ (Ex., JMP 82100)

x'0x82018’ 8 bytes | Branch instruction to interrupt service routine
x’0x8|201F’ (Ex., JMP 82200)

x'0x82020’ 248 KB | User program area

X'OXBFFFF’

m  Serial writer load program area
This kilobyte of ROM, starting at address x’0x80000’, holds the load program
for the serial writer. This area is write-protected in the hardware. Panasonic
provides the load program.

B Fixed user program area
These 7 kilobytes of ROM starting at address x'0x80400’, hold the fixed user
program. This area is write-protected in the hardware. (You can program this area
with a parallel writer.)

B Security code
This byte holds the password for the serial writer. Enter an 8-character ASCII
code in this space.

B Reserved area
Do not write to this area.

B Branch instruction to reset service routine
Normally, reset servicing starts at address x’0x80000’, but the soft branch
instruction in the serial writer load program branches to x’0x82010’. This
address must hold a JMP instruction pointing to the real start address for the reset
service routine.
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B Branch instruction to interrupt service routine
Normally, interrupt servicing starts at address x'0x80008’, but the soft branch
instruction in the serial writer load program branches to x’0x82018'. This
address must hold a JMP instruction pointing to the real start address for the
interrupt service routine.

m  User program area
This area stores the user program.

B.4.4.2 RAM Address Space

Table B-5 RAM Address Space in Serial Programming Mode

Address Size Description
x'0x8000’ 3 KB Serial writer work area
x‘OxE!BFF'

x'0x8C00’ 1KB Reserved area

x’0x8|FFF’

m  Serial writer work area
The 3 kilobytes of RAM area starting at address x’'0x08000’ are used for the
serial writer work area. The load program downloads programs to this area that it
needs to operate the serial writer and program the EEPROM. No other memory
area can be used for this purpose. You do not need to know about RAM allo-
cation to program the EEPROM.

B Reserved area
Do not write to this area.

B.4.5 Microcontroller Clock on the Target Board

For the clock supply to the microcontroller on the target board, use the existing
target board clock. The OSC oscillator clock for the microcontroller is 4 MHz.
Using the internal PLL circuit, the microcontroller switches to NORMAL mode
and operates with a 12-MHz system clock. Table B-6 shows the clock fre-
quencies for the microcontroller during serial programming.

Table B-6 Microcontroller Clock Frequencies during Serial Programming

Oscillator Clock Frequency Internal System Clock Frequency
4 MHz 12 MHz
Panasonic Semiconductor Development Company MN102H75K/F75K/85K/F85K LSI User Manual
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B.4.6 Setting Up the Onboard Serial Programming Mode
To enter serial programming mode, the microcontroller must be in write mode.
This section describes the pin setup for the serial writer interface.

Normal timing waveform A B C
Vop 4 !
| |
Vpp / |
1
I I
RST /
1
SBT /
SBD

Timing waveform during
serial programming  Vpp

SBD

Figure B-8 Timing for the Serial Writer Interface

B To set up the serial writer interface:
1. Turn on the external My supply.

2. Attime Ain figure B-8, turn ¥pon. At this point, output RS¥ SBD = low.

3. Through the serial writer, drive the RBih from time B in figure B-8, when
SBT goes high on microcontroller power-up, fpcycles. The microcontrol-
ler initializes.

4. Through the serial writer, drive the SBD pin low from time C in figure B-8,
when RST goes high on microcontroller power-up, faytles. This tells
the microcontroller that it is connected to the serial writer.

o

Make § long enough to allow the microcontroller oscillator to stabilize.
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m  Start routine for the load program

( Reset start )

SBT pin == high

SDB pin == low? No
Wait tyy a1
SBT pin == high
SDB pin == low?
No
»| Yes
Yes
SBT pin == high
&&
No SDB pin == high?

Start serial writer Execute user
load program program

Figure B-9 Load Program Start Flow

Conditions:
1. After the load program initiates a reset start, SBD must be low and SBT
high.

2. After the program waitgyja ;1 = 10 milliseconds, SBD must still be low and
SBT high.

3. Within tys1> = 100 milliseconds, both SBD and SBT must be high.

If any of these conditions is not met, control returns to the user program.
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B.4.7 Branching to the User Program

B.4.7.1 Branching to the Reset Start Routine

Reset start

Serial writer?
No

Yes

Start serial writer
load program

Branch to address
X'82010’

Execute user program
(Generate 10-cycle delay)

Figure B-10 Flow of Branch to Reset Start Routine

When the reset starts, the serial writer load program initializes only if SBD is
low. Otherwise, the program branches to the user program at address x’'0x82010'.

B.4.7.2 Branching to the Interrupt Start Routine

Interrupt start JMP x'82018’ instruction
address x’0x80008’ / (3 bytes/2 cycles)

Branch to address Write a branch instruction
X'0x82018’ to address x’82018’

i

Execute user interrupt service routine
(Generate 2-cycle delay)

Figure B-11 Flow of Branch to Interrupt Start Routine

In the interrupt start address, place a simple branch instruction pointing to
address x’'0x82018".
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Reprogramming Flow

Always program after erasing is
completed.Erasing is sometimes not
done finely,even though PROM-
writer or onboard serial writer
shows “PASS*in blank check. And

in that situation the data programed
successfully may be incorrect.
Rewriting the data to the address
where data has already set is forbid-
den.

B.5 Reprogramming Flow
Figure B-12 shows the flow for reprogramming (erasing and programming) the

flash memory.

Write Os to entire memory

Erase

A

Reverse

Erase routine

1

Write user program

Figure B-12 EEPROM Programming Flow

As the figure shows, the write occurs after the memory is completely erased. The
erase routine consists of three steps, first writing all zeros to the entire memory
space, next erasing the memory, and finally reversing.

B.6 Programming Times
Table B-7 shows the time required for PROM and serial programming and repro-
gramming (erasing and programming).

Table B-7 Programming Times for PROM and Serial Writers

Writer

Programming Time
(User Program Only)

Reprogramming
Time

DATA-I/O LabSite DIP48-1

=

TBA

TBA

YDC AF200 (provisional)

3.5—4 minutes

Note: Times indicated are minimum time requirements.
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page Before Modify page After Modify
P16 | This manual is intended for assembly-language programming P16 | This manual is intended for assembly-language programming
engineers. It describes the internal configuration and hardware engineers. It describes the internal configuration and hardware
functions of the MN102H75Hnicrocontrollers. functions of the MN102H75K and MN102H85K microcontrollers.
Except when discusssiing differing specifications,this manual referg to
. : the two microcontrollers as a single device : MN102H75K/85K

Using This Manual g

The chapters in this manual deal with the internal blocks of the . A

MN102H75K. Chapters 1 to 5 provide an overview of the Using This Manual

MN102H75Ks general specifications, interrupts, power modes, timgrs, The chapters in this manual deal with the internal blocks of the

and serial connections. Chapters 6 to 10 describe the on-screen djsplay | MN102H75K/85K Chapters 1 to 5 provide an overview of the

and other specialized functions available with_the MN102H75K MN102H75K/85Ks general specifications, interrupts, power modes

Chapter 11 provides the /O port specifications, chapter 12 describgs the timers, and serial connections. Chapters 6 to 10 describe the on-sfreen

ROM correction feature, chapter 13 describesBanterface, and display and other specialized functions available with the

chapter 14 describes the H scan line counter. Appendix A provide§ a MN102H75K/85K Chapter 11 provides the 1/O port specifications,

register map, and Appendix B describes the flash EEPROM versign. chapter 12 describes the ROM correction feature, chapter 13 desd
the PC interface, and chapter 14 describes the H scan line countel.
Appendix A provides a register map, and Appendix B describes th
flash EEPROM version.

P17 ersion LST User Manyal 17 MNIOZH Series LSTUser Manual

(Describes the core hardware.) (Describes the core hardware.)
. MN10200 Series Linear Addressing High-Speed Version Instruction Marual . MN102H Series Instruction Manual
(Describes the instruction set.) (Describes the instruction set.)
L MN10200 Series Linear Addressing High-Speed Version C Compiler Uskr L MN102H Series C Compiler User Manual: Usage Guide
Manual: Usage Guid (Describes the installation, commands, and options for the C compiler.)
(Describes the installation, commands, and options for the C compiler.)
. MN102H Series C Compiler User Manual: Language Description
L MN10200 Series Linear Addressing High-Speed Version C Compiler Uspr (Describes the syntax for the C compiler.)
Manual: Language Description
(Describes the syntax for the C compiler.) L MN102H Series C Compiler User Manual: Library Reference
(Describes the standard libraries for the C compiler.)
. MN10200 Series Linear Addressing High-Speed Version C Compiler Uspr
Manual: Library Reference . MN102H Series Cross-Assembler User Mdnua
(Describes the standard libraries for the C compiler.) (Describes the assembler syntax and notation.)
L] MN10200 Series Linear Addressing High-Speed Version Cross-Assembler User [l MN2102H Series C Source Code Debugger User Manual
Manual (Describes the use of the C source code debugger.)
(Describes the assembler syntax and notation.)
. MN102H Series Installation Manual
[ ] MN210200 Series Linear Addressing Version C Source Code Debugger Yser (Describes the installation of the C compiler, cross-assembler, and C soj
Manual code debugger and the procedures for using the in-circuit emulator.)
(Describes the use of the C source code debugger.)
. MN10200 Series Linear Addressing Version PanaX Series Installation Manual
(Describes the installation of the C compiler, cross-assembler, and C source
code debugger and the procedures for using the in-circuit emulator.)
Questions and Comments
le welcome your questions, comments, and suggestions. Please contact the $emicon-
ductor design center closest to you. See the last page of this manual for a list ¢f
jaddresses and telephone numbers. You can also find contact and product infojmation
lon the World Wide Web ahttp://www.psdc.com/

P24 Figure 1-5 shows the address space for the MN102H#&Kinternal | P24 Figure 1-5 shows the address space for the MN102H75KI8f&K
ROM contains the instructions and the font data for the on-screen dis- internal ROM contains the instructions and the font data for the on|
play (OSD), in any location. The internal RAM contains the MCU data screen display (OSD), in any location. The internal RAM contains
and the VRAM for the OSD, in any location. MCU data and the VRAM for the OSD, in any location

P27 P27

[0 ports [ 65 K) / 50(MN )
{ !ZLZ::Z g;irpm oFp % ‘ Paciage ‘ -pin QFP(MN102H775K/F75K) 1 64-pin SD\LLMNIOZHBSK/FEBK)/‘\)
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P30 | 1.6 PIn Descriptions
1.6.1 MN102H85K Pin Description
Al et

o
P00, RMIN RQ0 > 1 6 | — vss
“POLSDAL <] 2 & [ > osco
Po2.SCLL = 3 62 [«— osc1
P03 ADINO | 4 & |— voo
PO4ADINL > § & [« PoscLo
P05, ADINZ <] & 59 |« Po0. soA
P06, ADINS | T 55 |« P57.5870
P07, ADING <] & 57 |« P56 580,580
P10, ADINS, RQL | 9 56 |« P55.5800
PLLADING, RQ2 =] 10 55 |« P54, 1RQ5 VSVRE
P12, AONT, RQ3 | 11 O4PINSDIP gy o ooy mer
P13, ADING, WDOUT = 12 Top View 53 |w P52.1RQ4 VIO
P14, ADING, STOP | 13 52 [«— TEST
P15, ADINIO, PWMO <] 34 51 |« esivs
P16, ADINLL PIMI | 15 50 |« P50 5vsCLK
P17 M2 <] 16 49 |« par.FEVC
P20. Pz | 17 48 <> pas 0sOx1
P2 s | 18 47 |+ pas.0s0x0
P22, Pus <] 19 46 o> Pas TS, HIL
P23, PS> 20 45 |+ pas THSIOB, HO
P24, THAIC, SBTL | 21 44 |- paz THEOA
P25, THAIOB, SBIL SB01 | 22 43 <> parTMIO
M0, SB01 | 23 a2 [«— veor
P21, MO0 | 20 pry i
Voo (vPp) —] 25 40 |<> Pa0, DAVMOUT VM
0.CLi <] 26 39 |+ P37, oaBOUT B
VREFHS —> 27 3 |<> P36.04G0UTG.
P3LCVESO | 28 37 |<> P35 0AROUT R
vss — 2 3 |« vRER P
Pa2 Cvas1 | 30 3 [«— Rer
VREFLS —| 31 3 |[«— cowr
PaClL | 32 3 [— oo

Notes: 1. Pins marked with an asterisk (*) are N-channel, open-drain pins.
2. Pin 25isp4 in the MN102H85K and Mpin the MN102HF85K.
Figure 1-9 MN102H85K Pin Configuration in Single-Chip Mode

P30 1.6 Pin Descripiions P31
1.6.1 MN102H75K Pin Description 1.6.2 MN102H75K Pin Description

pss, 5800 > [y — pss, 5200 | o —ne
P, 1RQS VEVE > 2 [y P—— P, 1RQS, VEVE > & [ew n
Pot <) 3 61 [ P10 A0S, RQ1 61 s P10, A0S, RQL
e — 4 60 [ P ADING IRQ2 0 [ P11 ADNG IRQ2
PSLTET <l © 50 [ P2, ADINT. IRQY 50 | P2 ADINT IRQY
P2, QA 0 < & [y paE s [e 2
P51¥ =l § 50 [ P4 ADING,STOP 56 [+ Pis A0N9.STOP

55 e P13

84-Pin QFP.
Top View

84-Pin QFP.
Top View

47 | P24 THAC SETE
46 | P25, THAI0E, So1 SEO1

R i
Notes: 1. Pins marked with an asterisk (*) are N-channel, open-drain pins. Notes: 1. Pins marked with an asterisk (*) are N-channel, open-drain ping
2. Pin 41 ispf, in the MN102H75K and ¥pin the MN102HF75K. 2. Pin 41 ispf, in the MN102H75K and ypin the MN102HF75K.

Figure 1-9 MN102H75K Pin Configuration in Single-Chip Mode Figure 1-10 MN102H75K Pin Configuration in Single-Chip Mode

P32 | Table 1-3 Pin Function(Continued) P33 | Table 1-3 Pin Function(Continued)

Block Pin Name Block Pin Name

P00-PO7 P00-PO7

P10-P17 P10-P17

P20-P27 P20-P27

P30-P37 P30-P37

1/0 ports P40-P47 P40-P47
P50-P57 P50-P57

P60-P61 P60-P61

P70-P77 P70-P77

P80-P87 P80-P87

P33 P34

Vop AVobp
Power MN102H75|
Supply MN102H85K

Vss AVss

Note: If the circuit uses the same power supply for digital and analog supplies, connect Note: If the circuit uses the same power supply for digital and analog supplies, connect
the pins in the location closest to the power supply the pins in the location closest to the power supply
Figure 1-11 Power Supply Wring Figure 1-12 Power Supply Wring
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P33 The MN102H75Kcontains an internal PLL circuit. To use this circuft, P34 | The MN102H75K/85Kcontains an internal PLL circuit. To use this
you must connect it to an external (lag-lead) filter. circuit, you must connect it to an external (lag-lead) filter.

P37 The most important factor in real-time control is an MCU'’s speed if P37 | The most important factor in real-time control is an MCU's speed if
servicing interrupts. The MN102H75Kas an extremely fast interrup servicing interrupts. The MN102H75K/85#as an extremely fast
response time due to its ability to abort instructions, such as multipjy or interrupt response time due to its ability to abort instructions, suchlas
divide, that require multiple clock cycles. The MN102H 7&K multiply or divide, that require multiple clock cycles. The
executes an aborted instruction after returning from the interrupt sefvice MN102H75K/85Kre-executes an aborted instruction after returnin
routine. from the interrupt service routine.

This section describes the interrupt system in the MN102HT5kK This section describes the interrupt system in the MN102H75K/85|
MN102H75K contains 36 interrupt group controllers. Each controlg a The MN102H75K/85Kcontains 36 interrupt group controllers. Each
single interrupt group. Because each group contains only one intefrupt controls a single interrupt group. Because each group contains onlly one
vector, the MN102H75Kean handle interrupts much quicker than pre- interrupt vector, the MN102H75K/85Kan handle interrupts much
viously possible. Each interrupt group belongs to one of twelve clagses, quicker than previously possible. Each interrupt group belongs to ¢ne
which defines its interrupt priority level. of twelve classes, which defines its interrupt priority level.
With the exception of reset interrupts, all interrupts from timers, other With the exception of reset interrupts, all interrupts from timers, other
peripheral circuits, and external pins must be registered in an interyupt peripheral circuits, and external pins must be registered in an interyupt
group controller. Once they are registered, interrupt requests are sgnt to group controller. Once they are registered, interrupt requests are sgnt to
the CPU in accordance with the interrupt mask level (0 to 6) set irThe the CPU in accordance with the interrupt mask level (0 to 6) set irThe
interrupt group controller. Groups 1 to 3 are dedicated to system irjter- interrupt group controller. Groups 1 to 3 are dedicated to system irnjter-
rupts. Table 2-1 compares the interrupt parameters of the MN102H75K rupts. Table 2-1 compares the interrupt parameters of the MN102H75K/
to those of the MN102L35G, the comparable MCU in the previous jgen- 85K to those of the MN102L35G, the comparable MCU in the previpus
eration of the 16-bit series generation of the 16-bit series
Table2-1Comparison of MN102H75K _ and MN102L35G Interrupt Features Table2-1Comparison of MN102H75K/85K  and MN102L35G Interrupt Features
Parameter MN102L35G MN102H75K Parameter MN102L35G MN102H75K/85K
interrupt groups 4 vectors per group 1 vector per group interrupt groups 4 vectors per group 1 vector per group
(IAGR group numbers) (Separated by interrupt (Group number gener- (IAGR group numbers) (Separated by interrupt (Group number gener-
service routine) ated for each interrupt) service routine) ated for each interrupt)
interrupt response time Good Excellent interrupt response time Good Excellent
interrupt level settings 4 vectors per level 4 vectors per level interrupt level settings 4 vectors per level 4 vectors per level
Software compatibility Easily modified Software Easily modified
The MN102H75Khas six external interrupt pins. Set the interrupt cpn- The MN102H75K/85Khas six external interrupt pins. Set the interrfipt
dition (positive edge, negative edge, either edge, or active low) in the condition (positive edge, negative edge, either edge, or active low)|in
EXTMD register the EXTMD register

P72 The MN102H75Kprovides two ways to reduce power consumption, controlling P72 The MN102H75K/85Kprovides two ways to reduce power consumption, con-
CPU operating and standby modes to cut overall consumption and shutting dpwn trolling CPU operating and standby modes to cut overall consumption and shjitting
unused functions by stopping the system clock supplied to them. down unused functions by stopping the system clock supplied to them.

3.1 CPU Modes 3.1 CPU Modes

3.1.1 Description 3.1.1 Description

The MN102H75Khas two CPU operating modes, NORMAL and SLOW, and tyo The MN102H75K/85kKhas two CPU operating modes, NORMAL and SLOW, gnd
CPU standby modes, HALT and STOP. Effective use of these modes can sighifi- two CPU standby modes, HALT and STOP. Effective use of these modes can|sig-
cantly reduce power consumption. Figure 3-1 shows the CPU states in the different nificantly reduce power consumption. Figure 3-1 shows the CPU states in thel dif-
modes ferent modes

P73 P73
G G
The MN102H75K/85Krecovers from power up and reset in SLOW The MN102H75K/85Krecovers from power up and reset in SLOW
mode. For normal operation, the program must switch the MCU fr¢m mode. For normal operation, the program must switch the MCU fr¢m
SLOW to NORMAL mode SLOW to NORMAL mode

P73 The MN102H75Kcontains a PLL circuit that, in NORMAL mode, multiplies thd P73 The MN102H75K/85Kcontains a PLL circuit that, in NORMAL mode, multipliep
clock input through the OSC1 and OSC2 pins by 12, divides the signal by 2, fhen the clock input through the OSC1 and OSC2 pins by 12, divides the signal by 2,
sends the resulting clock to the CPU. (See figure 3-2.) The MCU starts in SLW then sends the resulting clock to the CPU. (See figure 3-2.) The MCU starts i
mode on power up and on recovery from a reset. In SLOW mode (system clo¢k = 2 SLOW mode on power up and on recovery from a reset. In SLOW mode (sysfem
MHz), the clock from the OSC pins feeds directly to the CPU, without going clock = 2 MHz), the clock from the OSC pins feeds directly to the CPU, withopt
through the PLL circuit. This means that the program must switch the CPU frgm going through the PLL circuit. This means that the program must switch the ¢PU
SLOW to NORMAL mode (system clock = 12 MHz) from SLOW to NORMAL mode (system clock = 12 MHz)

P73 For information on invoking SLOW mode from NORMAL mode, 84€¢10200 P73 For information on invoking SLOW mode from NORMAL mode, 84€102H
Series Linear Addressing High-Speed Version LS| User Manual. Series LS| User Manual.

P75 The MN102H75Kallows you to turn each peripheral function on or pfP75 The MN102H75K85K allows you to turn each peripheral function op
through writing to the registers. You can significantly reduce powe| or off through writing to the registers. You can significantly reduce
consumption by turning off unused functions. Table 3-1 shows the power consumption by turning off unused functions. Table 3-1 shopvs
register bits controlling on and off for each function block. The ADE the register bits controlling on and off for each function block. The
used for the OSD and CCD functions is turned off on reset. Write g1 to ADC used for the OSD and CCD functions is turned off on reset. Write
the function to enable it, when necessary a 1 to the function to enable it, when necessary
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P77 The MN102H75Kcontains four 8-bit timers that can serve as intervpP77 The MN102H75K/85Kcontains four 8-bit timers that can serve as
timers, event timer/counters, clock generators (divide-by-2 output ¢f interval timers, event timer/counters, clock generators (divide-by-2|out-
the underflow), reference clocks for the serial interfaces, or start tifners put of the underflow), reference clocks for the serial interfaces, or $tart
for A/D conversions. The clock source can be the internal clock (ogcil- timers for A/D conversions. The clock source can be the internal cjock
lator frequency divided by 2) or the external clock (1/4 or less the gscil- (oscillator frequency divided by 2) or the external clock (1/4 or lesqthe
lator frequency input). A timer interrupt is generated by a timer oscillator frequency input). A timer interrupt is generated by a time
underflow underflow

P88 The MN102H75Kcontains two 16-bit up/down timers, timers 5 and|6P88 The MN102H75K/85Kcontains two 16-bit up/down timers, timers 5
Associated with each timer are two compare/capture registers thaf can and 6. Associated with each timer are two compare/capture registgrs
capture and compare the up/down counter values, generate PWM|sig- that can capture and compare the up/down counter values, genergte
nals, and generate interrupts. The PWM function has a double buffering PWAM signals, and generate interrupts. The PWM function has a dquble
mode that causes cycle and transition changes to occur at the begjnning | buffering mode that causes cycle and transition changes to occur fit the
of the next clock cycle. This prevents PWM signal losses and mini beginning of the next clock cycle. This prevents PWM signal losseq and
mizes waveform distortion during timing changes minimizes waveform distortion during timing changes

P127 | The MN102H75Kcontains two general-purpose serial interfaces wigP127 | The MN102H75K/85Kcontains two general-purpose serial interfacgs
synchronous serial, UART, anfld modes. The maximum baud rate |n with synchronous serial, UART, an®d modes. The maximum baud
synchronous serial mode is 12 Mbps. In UART mode, the maximufn rate in synchronous serial mode is 12 Mbps. In UART mode, the njaxi-
baud rate is 375,000 bps, whegdg = 24 MHz mum baud rate is 375,000 bps, whessB= 24 MHz

P143 | The MN102H75Kcontains an 8-bit charge redistribution A/D converfeP143 | The MN102H75K/85Kcontains an 8-bit charge redistribution A/D cqn-
(ADC) that can process up to 12 channels. The reference clock is §elect- | verter (ADC) that can process up to 12 channels. The reference clgck is
able to Bygcx 1/8 or 1/16. When Bgcis 24 MHz, you must set the selectable to Bgcx 1/8 or 1/16. When Bgcis 24 MHz, you must set}
reference clock to §sd8 (conversion rate = 4 ps) or higher the reference clock todkd8 (conversion rate = 4 ps) or higher

P153 | The MN102H75Kcontains an on-screen display (OSD) function copnP153 | The MN102H75K/85Kcontains an on-screen display (OSD) function
posed of three layers: a text layer, a graphics layer, and a cursor lgyer. composed of three layers: a text layer, a graphics layer, and a curgor
You can control each layer individually, which gives you great freeqom layer. You can control each layer individually, which gives you grejtC
in positioning displays. You can also modify the ROM space that cpn- freedom in positioning displays. You can also modify the ROM space
tains the text characters and the graphic tiles and the VRAM spac¢ that that contains the text characters and the graphic tiles and the VRAM
contains the text and graphics programs. This allows you to adjusfthe space that contains the text and graphics programs. This allows ygu to
memory space to fit your application adjust the memory space to fit your application

P191 | This section describes how the MN102H7B#&ndles the timing of P191 | This section describes how the MN102H75K/8&&hdles the timing o
direct memory access (DMA) transfers of OSD data and OSD intef- direct memory access (DMA) transfers of OSD data and OSD intef-
rupts rupts

P194 | The MN102H75KOSD achieves a shuttering effect using four pro-| P194 | The MN102H75K/85KOSD achieves a shuttering effect using four
grammable shutters—two vertical and two horizontal. With this feg- programmable shutters—two vertical and two horizontal. With this|fea-
ture, you can shutter any portion of the OSD display, or you can ture, you can shutter any portion of the OSD display, or you can cgm-
combine shuttering with a wipe-out effect to create a smooth appefring bine shuttering with a wipe-out effect to create a smooth appearing and
and disappearing effect disappearing effect

P216 | The MN102H75Kcontains a remote signal receiver that processes|sRp16 | The MN102H75K/85Kcontains a remote signal receiver that procegses
nals in two formats: Household Electrical Appliance Manufacturers signals in two formats: Household Electrical Appliance Manufacturers
Association (HEAMA) format and 5-/6-bit format. This chapter pro Association (HEAMA) format and 5-/6-bit format. This chapter pro
vides an overview of each block in the circuit and describes the opera- vides an overview of each block in the circuit and describes the opera-
tion of the receiver tion of the receiver

P227 | The MN102H75Kcontains two identical closed-caption decoder cirf P227 | The MN102H75K/85Kcontains two identical closed-caption decodgr
cuits, CCDO and CCD1 circuits, CCDO and CCD1

P229 | The clamping circuit internal to the MN102H7%iovides three curren{ P229 | The clamping circuit internal to the MN102H75K/8%kKovides three
sources—high, medium, and low. current sources—high, medium, and low.

P249 | The MN102H75Kcontains seven 8-bit pulse width modulators P249 | The MN102H75K/85Kcontains seven 8-bit pulse width modulators
(PWMs) with a minimum pulse width of 1&{fsc, k and an output (PWMs) with a minimum pulse width of 1&{fsc, « and an output
waveform cycle of $#fgysci . (With a 4-MHz oscillator, 164sci « waveform cycle of ##fgysc k. (With a 4-MHz oscillator, 164, sc( k
=1.33 s (8 ps for SLOW mode) antf/2gy s k = 341.3 ps (2 ms fo =1.33 ys (8 us for SLOW mode) antf/2gysci k = 341.3 ps (2 ms fo
SLOW mode).) SLOW mode).)

P250 | The MN102H75Kcontains 50 pins that form general-purpose I/O pgrtB250 | The MN102H75K/85Kcontains 50 pins that form general-purpose fO
Ports 0, 1, 2, 3, 4, and 5 are 8-bit ports, and port 6 is a 2-bit port. All of ports. Ports 0, 1, 2, 3, 4, and 5 are 8-bit ports, and port 6 is a 2-bit[port.
these pins have alternate functions. (Ports 7 and 8 are only availalple All of these pins have alternate functions. (Ports 7 and 8 are only gvail-
with the quad flat package.) able with the quad flat package.)

P293 | The MN102H75Kcontains one’C bus controller, fully compliant witd P293 | The MN102H75K/85Kcontains one’C bus controller, fully complian
the BC specification, that can control one of W€ lbus connections with the BC specification, that can control one of € Ibus connec-

tions

P295 | Figure 13-3 shows the MN102H75eration sequence in each of | P295 | Figure 13-3 shows the MN102H75K/85peration sequence in eacH
these modes. In all modes, tR€ Ibus controller generates an interrupt of these modes. In all modes, tR€ lbus controller generates an intef-
after each data byte transfer, then the software loads the next datq byte rupt after each data byte transfer, then the software loads the nex{ data

byte

P299 | Figure 13-6 and table 13-5 provide the timing definitions and specffie299 | Figure 13-6 and table 13-5 provide the timing definitions and specffica-
tions for the for the MN102H75KC bus interface tions for the for the MN102H75K/85KC bus interface

P301 | Note: The circled areas are signals output from the MN102H75K| p301 | Note: The circled areas are signals output from the MN102H75K|85K

P303 | Note: The circled areas are signals output from the MN102H75K| P303 | Note: The circled areas are signals output from the MN102H75K{85K
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P307 | The MN102H75Kcontains two H counter circuits that can be used faP307 | The MN102H75K/85Kcontains two H counter circuits that can be uied
count the HSYNC signal. Each H counter consists of a 10-bit courfter to count the HSYNC signal. Each H counter consists of a 10-bit codnter
and 10-bit register and 10-bit register

P308 P308
Table 14-1 H Counter Pins Table 14-1 H Counter Pins

Finito If Pin Name oo Description Alternative Functions
Pin Name e Description Alternative Functions el N
w0 [ o 1 oo [rammen e e e
Hi [ 16 ] Count source pin_| P44/TMSIC vio 6 [\ 53 J[ countreset p:: P52/IRQ4
VIo 6 Count reset pin P52/IRQ4 ~enc 2 S Count reset pin PSANIRQS
VSINC N2 Countresetpin | P54/IRQS5

P316 | The MN102HF75K is electrically programmable, 256-kilobyte flasi) P316 | The MN102HF75K and MN102HF85K are electrically programmalple,
ROM versions of the MN102H75K . It is programmed in one of twd 256-kilobyte flash ROM versions of the MN102H75K and
modes: MNZ102H85K. They are programmed in one of two modes:

P317 | B.2 Benefits P317 | B.2 Benefits
Because you can maintain and upgrade the program in the Because you can maintain and upgrade the program in the
MN102HF75Kup to and immediately following product release, thip MN102HF75K/85Kup to and immediately following product releasg,
version of the device shortens time-to-market by as much as one njonth. this version of the device shortens time-to-market by as much as gne
This device is ideal for applications in quickly changing markets, sjnce month. This device is ideal for applications in quickly changing ma}-
it allows you to revise the microcontroller program in an existing prpd- kets, since it allows you to revise the microcontroller program in a
uct. existing product.

B.3 Using the PROM Writer Mode B.3 Using the PROM Writer Mode
In this mode, the MN102HF75K allows a PROM writer to program the In this mode, the MN102HF75K allows a PROM writer to program the
internal flash memory as if it was a standalone memory chip. The internal flash memory as if it was a standalone memory chip. The
microcontroller is inserted into a dedicated adaptor socket, which ¢on- microcontroller is inserted into a dedicated adaptor socket, which ¢on-
nects to DATA-I/O’s LabSite PROM writer. When the microcontrollgr nects to DATA-I/O’s LabSite PROM writer. When the microcontrollgr
connects to the adaptor socket, it automatically enters PROM writgr connects to the adaptor socket, it automatically enters PROM writgr
mode. The adaptor socket ties the microcontroller pin states to PROM mode. The adaptor socket ties the microcontroller pin states to PROM
writer mode, and programming occurs without any reference to thd writer mode, and programming occurs without any reference to thd
microcontroller pin states. microcontroller pin states.
<
Third-party \ 2
PROM writer @
MN102HF75K Pg‘gcb:‘ﬂ?;v
Adaptor socket for MN102HF75K
MN102HF75K
Adaptor socket for MN102HF75K
P318 P318

Device

Hardware Part
MNI02HFTSKEF

Device

Hartware Part
MNI0ZHETSKER (In102HF8SKD)
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