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About This Manual
Using This Manual

About This Manual

This manual isintended for assembly-language programming engineers. It

describes the internal configuration and hardware functions of the MN101C46F
and MN101CF46F microcontrollers. Except where specified, when this manual
refersto MN101C46F, it implies both products.

Using This Manual

The chapters in this manual deal with the internal blocks of the MN101C46F.
Chapters 1to 5 provide an overview of the MN101C46F s general specifications,
basic CPU functions, interrupts, I/O ports, and prescalar functions. Chapters 6 to
10 describe the 8-hit timers, on-screen display, analog-to-digital converter,
watchdog timer, and closed-caption decoder. Chapter 11 describes the IR remote
signal receiver. Chapter 12 describes the ROM correction feature. Chapter 13
describes the 1°C bus controller. Chapter 14 describes the pulse width modulator.
The appendices provide register and instruction maps, instruction sets, and

describe 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:

(1

Register Conventions

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-bit registers in the following format:

REGISTER: 8-Bit Register Name

6

5

4

3

2

1

0

x'00000’

Bit
Name

Bit
Name

Bit
Name

Bit
Name

Bit
Name

Bit: 7
Reset: 0
R/W:

0
R

0
RIW

R/IW

R/IW

RIW

The hexadecimal value (x’00000') indicates the register address. The top row of
the register diagram holds the bit numbers. Bit 7 is the most significant bit
(MSB). The second row holds the bit or field names. A dash (—) indicatesa
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  MNI101C SeriesLS User Manual
Describes the device architecture.

m  MN101C Series Instruction Manual
Describes the instruction set.

m  MNI101C Series Cross-Assembler User Manual
Describes the assembler syntax and notation.

m  MNI101C Series C Compiler User Manual: Usage Guide
Describes the installation, commands, and options for the C compiler.

m  MN101C Series C Compiler User Manual: Language Description
Describes the syntax for the C compiler.

m  MNI101C Series C Compiler User Manual: Library Reference
Describes the standard libraries for the C compiler.

m  MNI101C Series C Source Code Debugger User Manual
Describes the use of the C source code debugger.

m  MNI101C Series 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

We welcome your questions, comments, and suggestions. Please contact the
semiconductor design center closest to you. Seethe last page of this manual for a
list of addresses and tel ephone numbers. You can aso find contact and product
information on the World Wide Web at: http://www.psdc.com/

MN101C46F LS| User Manual
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General Description
Overview

1 General Description

1.1 Overview

The MN101C series of 8-hit single-chip microcontrollers can be used in
embedded applications that incorporate awide array of peripheral features, such
as cameras, VCRs, minidisc players, TVs, CD players, laser disc players,
printers, telephones, home automation devices, pagers, air-conditioners, palmtop
computers, remote controllers, fax machines, and electronic musical instruments.

The MN101C46F has a flexible and optimized hardware architecture and a
simple, efficient instruction set. It has 96 Kbytes of ROM and 3 Kbytes of RAM
on chip. It provides six external interrupts, ten internal interrupts (including the
NMI), three timer/counters, an analog-to-digital converter, awatchdog timer, an
on-screen display function, a closed-caption decoder, an 12C interface, pulse
width modulators, and an IR remote signal receiver. This structure makes it
optimum for controlling a television tuner.

The machine cycle (minimum instruction execution time) in standard modeis
279.33 nswhen the raw oscillation foge is 14.32 MHz. The ICs use 42-pin SDIP
packages.

1.2  Series Products
This manual describes the following MN101C46F derivatives. These two chips
have the same functions.

Table 1-1 MN101C46F Derivatives

Product ROM size RAM size Chip type
MN101C46F 96 Kbytes 3 Kbytes Mask ROM
MN101CF46F 96 Kbytes 3 Kbytes Flash ROM
Panasonic Semiconductor Development Company MN101C46F LSl User Manual
1
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General Description
OHardware Functions

1.3

OHardware Functions

Table 1-2 Description of Hardware

Function

Description

CPU core

MN101C Core

L oad-store architecture (three-stage pipeline)

Half-byte instruction set/handy addressing

256 Kbytes of memory space (shared by instructions and data)

Machine cycle
* NORMAL mode: 279.3t0 333.3 ng/3.0t0 358 MHz (3.0t0 3.6 V)
* SLOW mode: 1.12 t0 1.33 ps/0.75 t0 0.895 MHz (3.0t0 3.6 V)

Operating modes: NORMAL, SLOW, HALT, and STOP

ROM correction

Programming can be changed in up to 16 locations.

Internal memory

96-Kbyte ROM, 3-Kbyte RAM

Interrupt functions

Twelve internal interrupts
Software fault interrupt (nonmaskable interrupt (NM1))
Timer interrupts
» Timers 2 interrupt
» Timer 3 interrupt
» Timer 4 interrupt
ADC interrupt
12C interrupt
OSD interrupt
Closed-caption decoder interrupts
* Closed-caption O interrupt
* Closed-caption 1 interrupt
* Closed-caption 0 VSY NC interrupt
 Closed-caption 1 VSY NC interrupt

IR remote receiver interrupt
Six external interrupts
IRQO-5: Edge selectable

Timer/counters

Three 8-bit timers

Timer 2
* Clock sources: foge, fosc/4, fosc/16, fosc/32, fosc/64, T4/2,
fo4, fx
Timer 3
* 16-bit cascading function (connecting to timer 2)
* Clock sources: foge, fosc/4, fosc/16, fosc/64, fosc/128, f4/2, T4/8,
fx
Timer 4
* Clock sources: foge, fosc/4, fosc/16, fosc/32, fosc/64, fo/2,
fo/4, fx

Watchdog timer

« Timeout period selectable to fg/2'%, 15218, or f5/220
« Forced hardware reset within the |C when timeout period detected

A/D converter

5 bits and 8 channels

Remote signal Household Electrical Appliance Manufacturers Association, auto
reception 5-/6- bit detection, 1-bit interrupts

1c Two multimaster circuits (1 internal)

PWM Six 8-bit channels, one 14-bit channel

MN101C46F LS| User Manual
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General Description
OHardware Functions

Table 1-2 Description of Hardware (Continued)

Function

Description

SYSCLK output

Clock output uses a period of fg or f5/4096

Closed caption
decoders

« Two channelswith a built-in sync separator.
* Handles 12.0, 14.0, or 14.32 MHz

OSD functions

* 16- x 18- pixel (H x V) graphic tiles

« 16 character tile sizes

« 8 out of 27 colors displayable per tile on the graphics layer
« 27 text colors and 27 text background colors displayable

Port functions

351/0 ports
* Six 5-V, N-channel, open-drain ports
Four input ports

Low-power modes

STOP, HALT, and SLOW modes

Operating voltages | 3.0t03.6 V
Package 42-pin SDIP
64-pin LQFP (M)
Package model SDIP042-P-0600
number LQFP064-P-1414 (D
Notes:. 1. Incaseof flst package.

Panasonic Semiconductor Development Company
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General Description
Pin Description

1.4  Pin Description

1.4.1 Pin Configuration

o

IRQO, RMIN, P00 < 1 42 |—— Vgg
(1) SDAL, P01 < 2 41 |—p» 0SC2
DscL1, P02 <] 3 40 |«— 0SC1
IRQ1, ADINO, P03  <—»-| 4 39 —— Vpp (Vpp) @
ADIN1,P04 | 5 38 |« P42,sCcL0®
ADIN2,P05 | 6 37 |- P41,SDA0D
ADIN3, P06 <—»| 7 36 |« P40,PWM
ADIN4,P07 <«—»| 8 35 |« P37,NVSYNC,IRQ5
ADIN5,P10 <« 9 34 |<—» P36,NRST
ADING, P11 <« 10 . 33 |« P35YM
ADIN7.P12 <»| 11 A2PINSDIP o | ¢ o pasROUT
@) MMOD — | 12 Top View 31 |- P33,GOUT
SYSCLK,P13 -<«»| 13 30 |- P32,BOUT
@) PWMO, P14 | 14 29 |<«—» P3L,YS
PWM1,P15 -« 15 28 |<4— FLASH®
PWM2,P16 -<e—»| 16 27 |<—» P30, NHSYNC
IRQ2, PWM3,P17 <-—»| 17 26 |- P27, VREFHO
IRQ3, PWM4, P20 -<«—»| 18 25 |- P26, CVBS0
1) IRQ4, PWM5, P21 <> 19 24 | P25 CVBS1
Vop —1 20 23 |- P24,VREFH1
CLL,P22 —-»{ 21 22 |- P23,CLH
Notes: 1. P01, P02, P14, P21, P41, and P42 are 5-V, N-channel, open-drain pins.
2. Vppportinflash ROM mode; Vpp port in mask ROM mode.
3. MMOD: tied high (sets test mode pin to normal mode)
4. FLASH: tied low (setsflash mode pin to normal mode)
Figure 1-1 MN101C46F Pin Configuration
MN101C46F LS| User Manual Panasonic Semiconductor Development Company
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General Description
Pin Description

N.C.
N.C.
PWM1,P15
N.C.

@) pwmo,P14
SYSCLK,P13
N.C.

(3) MMOD
ADIN7,P12
ADING, P11
ADIN5,P10
N.C.
ADIN4,P07
ADIN3,P06
N.C.

N.C.

Notes:

)
N M <
loRo e,
xxo o o (Z)
N o F 0 I 4 o I
S $s: g4zBE8L
o o Qo 0 O >00 > .2
GONQT BLNRILERNLO]
Ao Zooo>< o000 zZ22o0
< MO AN d O 0O~ OIS OMOANAO O
O © © O© O IO O WO WO W LWLWwLWwLWwLWw
1 O 48— N.C.
2 47— N.C.
3 46 |[<¢—— FLASH®)
4 45— N.C.
5 44 |« P31,YS
6 43 |« P32,BOUT
7 ) 42 ¢ P33,GOUT
8 64-Pin LQFP 41 |« P34.ROUT
9 Top View 40 <> P35YM
10 39 [<«— P36,NRST
11 38— N.C.
12 37 |« P37,NVSYNC,IRQ5
13 36 —— N.C.
14 35 | P40,PWM
15 34 —— N.C.
16 33— N.C.
0 OO d AN MW O~ O +4 N
T T N N AN AN AN NN NNNOOOM
7o) it o N Am o o B N5
O O o L0 < O %
EzzaEaaiaxp@ L2820
S°Tgg2432 ©°% 3 g
=z Zzp 82
2 ggg83 3 2 ¢
o o
o x

P01, P02, P14, P21, P41, and P42 are 5-V, N-channel, open-drain pins.

Vpp port in flash ROM mode; Vpp port in mask ROM mode.

1
2
3. MMOD: tied high (sets test mode pin to norma mode)
4

FLASH: tied low (sets flash mode pin to normal mode)

Figure 1-2 MN101C46F Pin Configuration
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General Description
Pin Description

Table 1-3 Pin Description

1.4.2 Pin Description

Block Pin Name I/O |Pin Count Description
Vb | 1 Voltage supply (Apply 3.0t0 3.6 V.)
Power Vss | 1 Ground reference (Connect directly to external ground.)
VooVep | 1 Voltage supplyf Vpp inmask ROM version and Vppin
EEPROM version
SYSCLK (0] 1 System clock output
Clocks OSC1 | 1 Oscillator input connection
0sc2 o] 1 Oscillator output connection
Reset NRST 1/0 1 Reset (at. function: P36)
Interrupts (external) IRQO-IRQS5 | 6 ztBergil; n;:r(;,ugtz ;eq:;s)t to microcontroller (at. functions: P00,
NHSYNC | 1 Horizontal sync signal input
NVSYNC | 1 Vertical sync signal input
0sD YSYM o} 2 Video signal control
ROLJBLS_(I_) T, ) 3 RGB screen output
SDAO/SDA1 110 2 12C data
I2C interfaces (2)
SCLO/SCL1 110 2 12C clock
IR remote signal receiver RMIN | 1 Remote signal input
PWM (8-bit, 6-channel) PWMO-PWM5 6 8-bit pulse width modulator output
PWM (14-bit, 1-channel) PWM 1 14-bit pulse width modulator output
POO-PO7 1/0 8 General-purpose port 0 1/0
P10-P17 1/0 8 General-purpose port 1 1/0
1/0 ports P20-P27 1/0 8 General-purpose port 2 1/0
P30-P37 1/0 8 General-purpose port 3 1/0
P40—-P42 1/0 3 General-purpose port 4 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
ADC (5-hit, 8-channel) ADINO-ADIN7 | 8 Analog signal input
Flash FLASH | 1 Dedicated flash mode input (Connect to Vss.)
Test MMOD | 1 Test pin (Connect to Vpp.)
MN101C46F LSI User Manual Panasonic Semiconductor Development Company
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General Description
Electrical Characteristics

1.5 Electrical Characteristics
Type: CMOS integrated circuit
Function: 16-bit microcontroller with graphic display circuit

Application:  Television

Connection:  SeeFigure1-9, “Correct Connection Techniquefor theVpp and Vg

Pins” on page 14.

Packaging: SeeFgure 1-1, “MN2101C46F Pin Configuration,” on page4.

Table 1-4 Absolute Maximum Ratings (Y Vgg=0V
No. Parameter Symbol Rating Unit
Al Power supply voltage Vpp -0.3t0 +4.6 \%
A2 Input pinvoltage  (normal pins) V, -0.3toVpp + 0.3

(5-V pins) Vis -0.3t0+6.0
A3 Output pin voltage (normal pins) Vo -0.3toVpp +0.3
N-ch., open-drain pinswhen Vpp > 1.4V Vos1 -0.3to +6.0
N-ch., open-drain pinswhen Vpp <14V Vos2 -0.3t0 +4.6
A4 Power dissipation Pp 1000 mw
A5 Operating ambient temperature Topr -20to +70 °C
A6 Storage temperature MN101C46F T -55to +125
MN101CF46F -55 to +95
Note: 1. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These
are stress ratings only and functional operation of the device under these or any conditions other than those indi-
cated in the operational sections of this specification is not implied.
®  Precautions

1. All of the Vpp and Vg5 pins are external. Connect them directly to the
power source and ground.

2. Thoroughly test your crystal oscillator in this device's oscillator cell before
using.

3. If youinstal the product close to high-field emissions (under a cathode ray
tube, for example), shield the package surface to ensure normal performance.

4. Toimprove noise and latch-up tolerance, connect bypass capacitors between
Vpp and V g5 pins with athick line by the shortest possible distance. Use
electrolytic capacitors of at least 22 pF (6.3-V tolerance).

5. Toensure normal performance, you must connect V pp power supply pins 20
and 39 to external sources of the same voltage (3.3 V). This ensures that no
other element can supply power externally to either of the pins.

6. P01, P02, P14, P21, P41, and P42 are N-channel, open-drain pins.

Panasonic Semiconductor Development Company MN101C46F LSl User Manual
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General Description
Electrical Characteristics

Table 1-5 Recommended Operating Conditions

Cl1 —

"

7

12 to 14.32 MHZz

—_— C12

T 7T

Figure 1-3 OSC1 and OSC2 Oscillator Circuits

Table 1-6 Electrical Characteristics

VSS =0V
No. Parameter Symbol Conditions Min Typ Max Unit
B1 Power supply voltage 1 Vpp fosc =12t014.32 MHz 3.0 33 36 \
B2 | Ambient temperature Ty Vpp=30Vto36V -20 70 °C
B3 | Instruction execution speed te Vpp=30Vto36V 279.3 333.3 ns
B4 | Oscillator frequency (Seefigure 1-3.) fosc1 Vpp=30Vto36V 12.00 14.32 MHz
| 0SC1 0SC2

T, = -20t0 +70°C, Vpp = 3.3V, Vgg =0 V

| No.

| Parameter

| Symbol | Conditions

| Min | Typ | Max [ Unit |

Power supply current

C1 | Operating supply current IbDo fosc = 14.32 MHz 10 50 mA
Input pinstied to Vpp or Vgg
Output pins open
OSD operating
OSC2: Oscillator circuit
| Cc2 | Internal feedback resistance Riposcz | OSCL1=Vpp or OSC1=Vgg | 313 | 940 | 2820 | kQ ‘

MN101C46F LS| User Manual

Panasonic Semiconductor Development Company

8

Panasonic



General Description
Electrical Characteristics

Table 1-6 Electrical Characteristics (Continued) T,=-201t0 +70°C, Vpp = 3.3V, Vgg =0V
| No. | Parameter | Symbol | Conditions | Min | Typ | Max [ Unit |
MMOD and FLASH: Input pin with CMOS input level
C3 | Input high voltage Vin Vpp=30Vto36V 0.7Vpp Vpp \
C4 | Input low voltage Vi Vpp=30Vt036V 0 0.3Vpp
C5 | Input leskage current I ViN=00Vt036V B HA
P07, P10-P13, P15-P16, P22-P27, P31-P35, P40: I/O pins with CMOS input level
C6 Input hlgh voltage V|H VDD =33Vto36V O'NDD VDD Vv
C7 | Input low voltage Vi Vpp=33Vto36V 0 0.3Vpp
C8 | Output high voltage Vou lon =-1mA Vpp -0.6
C9 | Output low voltage VoL loL =1.8mA 0.4
C10 | Output leakage current ILo Output = Hi-Z +5 HA
ViN=00Vto36V
C11 | Pullup resistance Rin Vin=00V 10 30 90 kQ
P00, PO3-P06, P17, P20, P30, P37: 1/O pins with CMOS input level and Schmidt trigger
C12 | Input high voltage Vi Vpp=33V 1036V 0.7Vpp Vop Y
C13 | Input low voltage ViL Vpp=33V1to36V 0 0.3Vpp
C14 | Output high voltage Vou lon =-1mA Vpp - 0.6
C15 | Output low voltage VoL loL =1.8mA 04
C16 | Output leakage current Lo Output = Hi-Z +5 HA
ViN=0.0V 1036V
C17 | Pullup resistance Ry ViN=00V 10 30 90 kQ
P36 (NRST): I/0O pin with CMOS input level, Schmidt trigger, and N-channel open-drain
C18 | Input high voltage ViH Vpp=33V1to36V 0.7Vpp Vbp Y
C19 | Input low voltage Vi Vpp =33V 1036V 0 0.3Vpp
C21 | Output Ieakage current Lo Output = Hi-Z +5 HA
ViN=36V
C22 | Pullup resistance = Vin=00V 10 30 90 kQ
P01-P02, P14, P21, P41-42: 1/O pins with TTL input level, Schmidt trigger, and N-channel open-drain
C23 | Input high voltage Vg Vpp =33V 22 Vpp \
C24 | Input fow voltage Vi Vpp =33V 0 06
C25 | Output low voltage VoL loL =4 mMA 0.4
C26 | Output leakage current Lo Output = Hi-Z +10 pHA

ViN=00V 10525V

A/D Converter Characteristics

C27 | Resolution RES 5 bits
C28 | Conversiontime tap fosc = 14.32 MHz 134 ps
C29 | Analoginput voltage Via Vgs Vpp \
C30 | Conversion relativity accuracy LE +2 LSB
Panasonic Semiconductor Development Company MN101C46F LSl User Manual
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General Description
Electrical Characteristics

Table 1-6 Electrical Characteristics (Continued)

T, =-20to +70°C, Vpp = 3.3V, Vgg = 0 V

| No. | Parameter

Symbol |

Conditions

| Min | Typ | Max [ Unit |

Closed-Caption Decoder Characteristics ®©
(These pins also function as port pins. The characteristics below apply when the port function is disabled.)

CVBSO0, CVBS1

C31 | Low clamping current for input high lcLHL Vpp =33V 5 25 HA
C32 | Mediumdamping current for input high lcLH2 ViN=16V 50 180

C33 | Vey highdamping curert for input high lcLHs | with the following connections: 415 615

C34 | Highdamping current for input high lcLHa 33 kQ between CLH and GND 185 335

C35 | Low damping current for input low leLes 6.8 kQ between CLL and Vpp -18 -3

C36 | Mediumclamping current for input low leLee -70 -20

C37 | Vey highdamping current for input low leLes -345 -145

C38 | High clamping current for input low leLLa -205 -55

Note: 2. Seefigure 1-4 for the recommended pin connections.

3. Seefigure 1-5 for the input waveform specification for the composite video signal.

-

Vin

3.3V

|
240 Q

=~ 560 pF|

)

|
I
I
U — |
Low pass filter

Y CH
33kQ
8.2kQ
33V
\\
18kQ
[
Vﬁ:
N—O cvesor
1puF
% 1kQ
6.8 kQ
cLL

Note: The constants shown in this diagram are recommended val ues only. Operation at these valuesis not guaranteed.
Figure 1-4 External Connection Example for Closed-Caption Decoder Pins

MN101C46F LS| User Manual

Panasonic Semiconductor Development Company

10

Panasonic



General Description
Electrical Characteristics

Table 1-6 Electrical Characteristics (Continued) T,=-201t0 +70°C, Vpp = 3.3V, Vgg =0V
| No. | Parameter | Symbol | Conditions | Min | Typ | Max [ Unit |

8 bits 8 bits

e

Note: Vpp=3.3V,Vgg=0V, T,=25°C
Figure 1-5 Composite Video Signal Specification

Composite Video Signal Specification

@) Signal input amplitude Ve The phase differenceisin reference 720 2000 mvV
_ _ to the sync signal input to CVBS.

2 Caption data amplitude VcoH 360

?3) Sync signal amplitude Vey 360

(4) Maximum CVBS input potential Veem Vbp \

(5) Minimum CVBS input potential Vp Vgg

1.5.1 12C Interface Timing

tr > _tf =< qor
1 b 35V
scL i rt - ] — ik 15V
NI < > < <
P 'S tHD:STA tHD:DAT tHIGH  tSU:DAT i SitsU:STA tsu:sTP | P
Figure 1-6 I°C Interface Timing
Panasonic Semiconductor Development Company MN101C46F LSl User Manual
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Table 1-7 I°C Timing for Master Transmission (SCL, SDA), Master Reception (SCL), and Slave Transmission

(SDA)

No. Parameter Symbol Conditions Min Max Unit
SCL clock frequency fscL fosc = 12t0 14.32 MHz 100 kHz
Busfreetime teur fsoL = 100 kHz 20 ps
SDA and SCL risetime t 1
SDA and SCL fall time t 300 ns

Notess 1. Seesection 13 for information on the |“C clock select. All other parameters adhere to the specifications shown above.

2. figure 1-7 shows the software method of attaining the bus free time indicated above. The microcontroller requires
80 machine cycles from the time the stop condition occurs to the time the next start condition occurs.

Stop Condition

> 80 machine cycles
(at 14.32MHz)

Start Condition

Figure 1-7 Start and Stop Conditions

Table 1-8 I°C Timing for Slave Reception (SCL, SDA), Slave Transmission (SCL), and Master Reception (SDA)

No. Parameter Symbol Conditions Min Max | Unit
SCL clock frequency fsoL fosc = 12t0 14.32 MHz 100 kHz
Busfreetime tsur 7.7 us
Hold time to start condition thp:sTA 4.7
Clock low pulse width tLow 4.7
Clock high pulse width tHiGH 4
Setup time for start condition tsy-stA 4.7
Data hold time thp-DAT 0
Data setup time tsu:DAT 250 ns
SDA and SCL risetime t 1 us
SDA and SCL fall time t 300 ns
Setup time for stop condition tsy:sTP 4.7 us
Noise sampling time tNoisE 1

MN101C46F LS| User Manual Panasonic Semiconductor Development Company
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General Description

Electrical Characteristics

1.5.2 HSYNC and VSYNC Input Conditions
Use the flyback H and V for onscreen displays and to identify onscreen fields.
Adhere to the input conditions described below in your design to ensure accurate

displays.
< v >
VSYNC . ! 2 .‘
: o, oty :
: D S D)) @>—'<— :
HSYNC T g0 ° — P
L @ - @) indicate the blowups below
@ tHSYNC !

Figure 1-8 HSYNC and VSYNC Input Conditions

Table 1-9 HSYNC and VSYNC Input Conditions

Symbol Description Min | Typ Max Unit
ty Gap between VSY NC leading edge and 0.4 Thsyne - 0.4 ps
leading edge of previous HSYNC
to Gap between VSY NC leading edge and 0.4 Thsyne - 0.4
leading edge of following HSYNC
ty VSYNC pulse width 4.0
tH HSYNC pU|$W|dth 4.0 THSYNC -4.0

Panasonic Semiconductor Development Company
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General Description
Circuit Design Considerations

1.6 Circuit Design Considerations

1.6.1 Considerations when Using the IC

1.6.1.1 Connecting the Vpp and Vgg Pins

Directly connect al Vpp and V g5 pins separately to an external power source
and GND. Thoroughly double check the pin positions of the IC package and
install it on a PCB. The figures below show examples of correct and incorrect
connection techniques. Incorrect connection runstherisk of damaging the device
by melting the metallization with large currents.

Output Input
\ r \
. | | | | | °
T T T
o W]
N
P

Figure 1-9 Correct Connection Technique for the Vpp and Vgg Pins

Output Input
V. r V|
Ss | | | | DD

BRY L;Nij LJJ

P

Figure 1-10 Incorrect Connection Technique for the Vpp and Vgg Pins
1.6.1.2 Operation Considerations

1. Toensurethat operation is correct, shield the surface of the package if you
areusing it whereit will be subject to strong electrical fields, such asunder a
CRT.

MN101C46F LS| User Manual Panasonic Semiconductor Development Company
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General Description
Circuit Design Considerations

2. Double check the operating temperatures before use. Different products have
different operating temperature ranges. If, for example, you are using a prod-
uct guaranteed for +70°C at temperatures higher than this, it may malfunc-
tion because it has no operating margin.

3. Double check the operating voltages before use. Different products have dif-
ferent operating voltage ranges.

¢ Panasonic cannot guarantee reliability at voltages higher than the guar-
anteed voltage. (Service life of transistors, for example, may vary with

age.)

¢ Using aproduct at avoltage below the guaranteed voltage may cause
malfunction since there is no operating margin.

1.6.2 Handling Unused Pins

1.6.2.1 Handling Unused Functions
If you are not using afunction, set it so its operation is halted.

1.6.2.2 Handling Unused Pins (Dedicated Output Pins)
Leave any unused pins that are dedicated for output open.

Output
4[} OPEN

Figure 1-11 Handling Unused Pins (Dedicated for Output)

1.6.2.3 Handling Unused Pins (Dedicated Input Pins)

Pull unused pins that are dedicated for input either up or down by inserting a
resistor of at least 10 kQ. If an unstable input causes both the P channel and N
channel transistors of the input inverter to engage, athrough-current will flow
into the input circuit, causing an increase in current consumption or noise in the
chip’sinternal power supply.

Several Input pin

Input
w0k ™ < A A A
Input
P Severa
10kQ

Input pin

Figure 1-12 Handling Unused Pins (Dedicated for Input)
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Input pin
Input

A. Structure

Current

«— Through current

0 ' 33 Input voltage
(atVpp=3.3V

B. Characteristics

Figure 1-13 Input Inverter Structure and Characteristics

1.6.2.4 Handling Unused Pins (I/O Pins)

First check the reset value of any unused 1/0 pins. If the pin output is supposed to
be high impedance after areset (output is off for both P channel and N channel
transistors), insert aresistor of at least 10 kQ to pull the pin up or down so that
input is not unstable. If the pin output is on after areset, leave the pin open.

Output

control Several

10 kQ

:I Output OFF

Data >

Output OFF

Several
Nch 10 kQ

Output
control

] Output OFF

Data >

Severa
Input 10 kQ

Output OFF

Severa
Input 10 kQ

Figure 1-14 Handling Unused 1/O Pins (Output Is Hi-Z at Reset)

MN101C46F LS| User Manual
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Circuit Design Considerations

1.6.3 Turning on Power

1.6.3.1 Power and Input Pin Voltage
Design circuits so that voltage is supplied to input pins after the microcontroller
has powered up. Reversing this order may cause latch-ups in the microcontroller
which can lead to damaging high currents.

Input protection
Input resistor

I 4
P

Forward current produced
P N (supply Vpp)

Figure 1-15 Power and Input Pin Voltage

1.6.3.2 Power and Reset I nput Voltage
Design in sufficient time after the supply voltage powers up for the microcon-
troller to recognize the reset pin voltage as areset signal.

A
Supply voltage _ _
’/" Reset input voltage
Reset pin at Pt
low level input -
voltage or lower 17
- . —>
0 » Time t

Time required to recognize as reset

Figure 1-16 Power and Reset Input Voltage

Panasonic Semiconductor Development Company MN101C46F LSl User Manual
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Circuit Design Considerations

1.6.4 Power Circuit

1.6.4.1 Design Considerations for the Power Circuit

MOS logic devices such as microcontrollers use fast, large-scal e integration
designs, so use a power circuit that provides a sufficient margin. Consider a
power system like that shown in Figure 1-18, making sure you first evaluate AC
line noise and check the ripple when driving LEDs and the like.

‘Z_> -

—— Vpp
I__| I__|
777 777

Figure 1-17 Design Considerations for the Power Circuit

1.6.4.2 Sample Power Circuit (Emitter-Follower Type)

Place noise-eliminating capacitors as
close to the microcontroller supply pins
as possible.

Vop
e AVAVAY e B e = Microcontroller
N——
SERA
/ 777

For eliminating noise

Figure 1-18 Sample Power Circuit (Emitter-Follower Type)
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Basic CPU Functions
Description

2 Basic CPU Functions

2.1

Description

The MN101C series of microcontrollers are designed with aflexible, optimized
hardware architecture for embedded applications in electronic equipment. Its
simple, efficient instruction set helps make it both economical and fast. It offers
the following features:

A 4-hit instruction word length minimizing instruction code size.

Codeis compressed by adopting a basic instruction word length of 1 byte
and allowing instruction length to vary in 4-bit units. This prevents code
expansion even though the simple instruction set is limited to load/stores of
datatransfers to memory.

A minimum instruction execution time of 1 cycle (279.3 ns).

A C-compatible register set minimized for the simplest architecture.
Theinstruction set analyzes code generated by the C compiler and code from
assembler programming. The set represents a trade-off of hardware size
against performance. Theinstruction set is thus the smallest C-oriented set
available, and is notable for its simplicity.

See the MN101C Series LS User Manual for more information.

Panasonic Semiconductor Development Company MN101C46F LSl User Manual
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2.2 Features
Table 2-1 Basic CPU Features
Parameter | Description
Architecture | Load/store architecture
Six registers Four 8-bit data registers and two 16-bit
address registers
Miscellaneous 19-bit PC, 8-bit PSW, and 16-bit SP
Instructions Number of instructions 37
Addressing modes 9
Instruction word length Basic part: 1 byte (minimum)
Extensions: 0.5 bytesxn(0<n<9)
Basic perfor- | Internal operating frequency (max)  3.58 MHz
mance Fastest instruction execution 1cycle
Fastest operation between registers 2 cycles
Fastest |oad/store 2 cycles
Conditional jumps 2-3 cycles
Pipeline Three stages (instruction fetch, decoding, and execution)
Address space | 256 Kbytes (maximum 64 Kbytes for data)
Space shared by instructions and data
External bus | Addresses 18 bits (max)
Data 8 bits
Shortest bus cycle 1 clock (279.3 ns)
Interrupts Vector interrupt system 3levels
Power down | STOP and HALT modes
modes

MN101C46F LS| User Manual
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Basic CPU Functions
Block Functions

2.3 Block Functions

2.3.1 Block Diagram

Data registers

Do Processar status word T1-—— Clock Lo source oscillation
Address registers D1 PSW T2 -—— generator
Stack pointer A0 D2
AL D3
ABUS I i Instruction execution
f controller
BBUS
Instruction decoder
Program
counter
Incrementer
— ALU
‘ Instruction Interrupt
¢ l queue controller
Program address ‘ Operand address
¢
Bus controller
Q ROM bus ) < RAM bus ) Peripheral expansion bus
CSIC interface Internal peripheral
Internal ROM Internal RAM ) } functions
CSIC expansion bus
BR BG
Figure 2-1 Block Structure and Functions
Panasonic Semiconductor Development Company MN101C46F LSl User Manual
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Block Functions

2.3.2 Block Description

Table 2-2 Block Description

Block

Description

Clock Generator

An oscillation circuit connected to aquartz or ceramic oscillator supplies
the clock to al blocks within the CPU.

Program counter

The program counter generates addresses for queued instructions. Nor-
mally it increments based on the sequencer indications, but for branch
instructionsit is set to the branch head address. For interrupt servicing, it
is set to the result of the ALU operation.

Instruction queue

This block contains up to two bytes of prefetched instructions.

Instruction decoder

The instruction decoder decodes the contents of the instruction queue,
generates (in the proper sequence) the control signals necessary for exe-
cuting the instruction, and controls every chip block involved in instruc-
tion execution.

Instruction execu-
tion controller

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

ALU

Arithmetic and logic unit. This block calculates operand addresses for
data arithmetic operations, logic operations, shift operations, and relative
indirect register addressing.

Internal ROM and
RAM

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

Address registers The address regi sters store the memory addresses that will be accessed
during data transfers. In relative indirect register addressing mode, they
store the base address.

Dataregisters These registers store data used for operation. You can link two 8-bit data

registers and use them as a 16-bit register.

Interrupt controller

Thisblock detects interrupt requests from peripheral function blocks and
requests that the CPU service the interrupt.

Bus controller

Thisblock controls the connection between the CPU’sinternal and exter-
nal buses. It also contains a bus arbitration function.

Internal peripheral
functions

MN101C series devices contain a wide range of internal peripheral
devices, such astimers and ADCs.

MN101C46F LS| User Manual

Panasonic Semiconductor Development Company

22

Panasonic




Basic CPU Functions
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2.4 CPU Control Registers

The MN101C46F uses memory-mapped 1/0s. The registers of its peripheral
circuits are placed in memory space (x’ 03D00’ -x’ 03FFF’). The CPU’s control
registers are also mapped to this memory space.

Table 2-3 CPU Control Registers

Address | Register | RIW Description

X' 03F00’ CPUM R/W" | CPU mode control register

X’ 03F01’ MEMCTR | R/W | Memory control register

x'03FOD’ OSCMD R/W | Oscillation frequency control register

X' O3FEQ’ Reserved R/W | (For debugging)

X' 03FEY NMICR R/W | Nonmaskable interrupt control register (See section 3, “Inter-

rupts,” on page 59.)

X' 03FE2' — xxxICR R/W | Maskableinterrupt control registers (See section 3, “Inter-
X' 03FFE’ rupts,” on page 59.)

X' O3FFF Reserved | (Useto read interrupt vector information in hardware servicing of

interrupts.)

Note: Some CPUM bits are read-only.

Panasonic Semiconductor Development Company
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Basic CPU Functions
Organization of Instruction Execution Controller

2.5 Organization of Instruction Execution Controller
The instruction execution controller is comprised of four blocks: memory, the
instruction queue, the instruction register, and the instruction decoder.
Instructions are fetched in bytes, and temporarily stored in the 2-byte instruction
queue. They are transferred from the instruction queue in bytes or half bytesto
the instruction register, where they are decoded by the instruction decoder.

7 0

/\/

Memory

15 0
Instruction :
gueue

1 or 0.5 bytes

Instruction register

Instruction decoder ' Instruction decoding

CPU control signal

Figure 2-2 Organization of the Instruction Execution Controller
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2.6 Pipeline Processing

Pipeline processing refersto the reading and decoding of instructions simul-
taneous with instruction execution so that the next instruction is ready for pro-
cessing as soon as execution of the first instruction ends. Pipeline processing
alows instructions to execute continuously, increasing speed of execution. It is
performed by the instruction queue and instruction decoder.

Theinstruction queue is atwo-stage instruction pre-fetch buffer. It is controlled
so that whenever the queue is empty during a cycle of instruction execution, the
next instruction is fetched. The first word of the instruction to be executed
(operation code) is stored in instruction register during the last cycle of
instruction execution. At thistime, the next operand or operation code is fetched
to the instruction queue, so execution can begin immediately if adirect address
(da) or immediate data (imm) isin the first cycle of the next instruction to be
executed. In some instructions, such as jump instructions, the instruction queue
may be empty when the operation code to be executed next is stored in the
instruction register during the last cycle. The queue may therefore produce await
of one machine cycleif the instruction queue is empty and a direct address (da)
or immediate data (imm) is needed in thefirst cycle of the instruction to be
executed.

Hardware automatically controls the instruction queue, so you do not need to pay
any particular attention to it when writing a program. When you are cal culating
instruction execution time, however, be aware of how the instruction queue
operates. Theinstruction decoder will generate control signalsin each instruction
execution cycle according to microprogram control. The instruction decoder
decodes the contents of the instruction queue in the cycle before the control
signal is required.

Panasonic Semiconductor Development Company MN101C46F LSl User Manual
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2.7 Address Registers
The address registers consist of the program counter (PC), the address registers
(A0, Al), and the stack pointer (SP).

2.7.1 Program Counter (PC)

This register indicates the address of the instruction being executed. Instructions
are separated by half bytes (4 bits), so the program counter requires 19 bits to
express the 256-K byte instruction space. The LSB of the program counter
indicates the half byte. The program counter resets to the value stored in the
vector table at address x’ 04000’ .

18 0
Program counter| PC

2.7.2 Address Registers (A0, Al)

These registers are used as address pointers. They can be used for operation
instructions that cal culate addresses (addition, subtraction, or compare). The
address registers contain pointers (2 bytes of data), so transfers to memory are
normally in 16-bit units. You can transfer with either odd or even addresses. They
are undefined at reset.

15 0
Address register| A0 |
Al |

2.7.3 Stack Pointer (SP)
This register specifies the top address of the stack area. It is decremented during
saves and incremented when restored. It is undefined at reset.

15 0
Stack poi nterI SP |

MN101C46F LS| User Manual
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2.8 Operations Registers
The operations registers consist of four data registers (DO, D1, D2, and D3).

2.8.1 Data Registers (DO, D1, D2, and D3)

The dataregisters are all 8-hit general-purpose registers. They can be used for
arithmetic, logical, or shift operations, or for transfers of datato memory. DO and
D1 can be paired and handled as a 16-hit registers, as can D2 and D3. The data
registers are undefined at reset.

15 8 7 0
Dataregisters| D1 [ DO | bwo
D3 [ D2 | pw1

2.8.2 Processor Status Word

The processor status word (PSW) is an 8-bit register that stores an operation
result flag, an interrupt mask level, and a maskable interrupt enable flag. The
PSW is automatically saved to the stack when an interrupt occurs, and automat-
ically restored from the stack after the interrupt is recovered.

PSW: Processor Status Word

Bit: 7 6 5 4 3 2 1 0
Reserved| MIE IM1 IMO VF NF CF ZF
Reset: 0 0 0 0 0 0 0 0

RIW: R RW RIW RIW RIW RIW RIW RIW

Reserved: Always set to 0.

MIE: Maskable interrupt enable
0: Disables all maskable interrupts
1: Enablesinterrupts individually (xxxLVn, XxxIE).

IM[1:0]: Interrupt mask level
Control acceptance of maskable interrupts.

VF: Overflow flag
0: No overflow occurred.
1: An overflow occurred.

NF: Negative flag
0: The MSB of the operation resultisaO.
1: The MSB of the operation result isa 1.

CF: Carry flag
0: The MSB did not produce a carry up or down.
1: The MSB produced a carry up or down.

ZF: 0 flag
0: The operation result is not all zeros.
1: The operation result is all zeros.

Panasonic Semiconductor Development Company MN101C46F LSl User Manual
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Maskable Interrupt Enable Flag (MIE)

This flag enables maskabl e interrupts. Maskabl e interrupts are accepted when
MIE is 1. When MIE is O, all maskable interrupts are disabled regardless of the
interrupt mask level (IM[1:0]) within the PSW. Interrupts do not change MIE.

Interrupt Mask Level Field (IM[1:0])

Theinterrupt mask level field (IM[1:0]) controls acceptance of maskable
interrupts according to the interrupt level of the interrupt source. The 2-bit field
defineslevels O through 3. Level O isthe highest interrupt mask level. Interrupt
requests are accepted only when the level set in theinterrupt level flag (xxxLVn)
of the interrupt control register (xxxICR) is higher than the interrupt mask level
set here (when the setting is smaller). When an interrupt is accepted, its interrupt
level issetin IM1 and IMO, so interrupts of that level or lower are not accepted
until servicing of the received interrupt is completed.

Table 2-4 Interrupt Mask Levels and Interrupt Acceptance

Interrupt Mask

Level
IM1 IMO | Mask Priority Interrupt Levels Accepted
Mask level O 0 0 High Only the non-maskable interrupt (NMI)
Masklevel 1| 0O 1 f NMisand level 0
Mask level 2 1 0 U NMlsand levels 0-1
Mask level 3 1 1 Low NMlsand level 0-2

Overflow Flag (VF)

VF isset to 1 when the result of an arithmetic operation causes an overflow of a
signed number. If there is no overflow, VF is 0. Use VF when working with
signed data.

Negative Flag (NF)
NF is set to 1 when the M SB of an operation result is 11; when the MSB is 0O, NF
is 0 also. Use NF when working with signed data.

Carry Flag (CF)
CF is set to 1 when the MSB produces a carry up or down as aresult of an
operation; if thereisno carry, CFisO.

Zero Flag (ZF)
ZF is set to 1 when all bits of the operation result are 0; otherwise ZF is 0.

MN101C46F LS| User Manual
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2.9 Addressing Modes
The MN101C46F has nine addressing modes. The usable modes are preset for
each instruction.

m  Register direct

m  Immediate value

m  Register indirect

m  Register relative indirect

m  Stack relative indirect

m  Absolute
m  RAM short
m  |/O short

m  Handy addressing

The MN101C46F provides the addressing modes most frequently used by C
compilers. Data transfer instructions can use any of the addressing modes. Since
relative values can be specified in half bytes (4 bits), instruction code can be
shortened. Handy addressing reuses addresses that have accessed memory, so it
can only be used with store instructions. It can be combined with absolute
addressing to shorten code. There are seven addressing modes that can be used to
transfer datato memory: register indirect, register relative indirect, stack relative
indirect, absolute, RAM short, 1/0 short, and handy. Two addressing modes can
be used with operation instructions: register direct and immediate value. See the
MN101C seriesinstruction manual for details.

The MN101C46F uses a basic 8-bit data access. You can use either an odd address

or an even address to specify addresses for a 16-bit data access.
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Table 2-5 Address Space

Addressing Mode

Valid Addresses

Description

Register Dn/DWn — Specifies the register directly. Only internd registers
direct An/SP can be specified.
PSW
Immediate imm4/imm8 — Directly specifies an operand value, mask value, or
values imm16 the like to be appended to an instruction code.
Register (An) 15 0 Specifies addresses using address registers.
indirect | An |
Register rela- (d8, An) 15 0 Specifies addresses using address registers and an 8-
tive indirect | An +ds | bit displacement.
(d16, An) 15 0 Specifies addresses using address registers and a 16-
| An + dl6 | bit displacement.
(d4, PC) 17 OH Specifies addresses using the program counter, a4-bit
(Jump instructions only) | PC + d4 [ displacement, and the H bit.
(d7, PC) 17 OH Specifies addresses using the program counter, a 7-bit
(Jump instructions only) | PC +d7 [] displacement, and the H bit.
(d11, PC) 17 OH Specifies addresses using the program counter, a 11-
(Jump instructions only) | PC + dll [] bit displacement, and the H hit.
(d12, PC) 17 OH Specifies addresses using the program counter, a 12-
(Jump instructions only) | PC + d12 [ bit displacement, and the H bit.
(d16, PC) 17 OH Specifies addresses using the program counter, a 16-
(Jump instructions only) | PC + d16 [ bit displacement, and the H bit.
Stackrelative (d4, SP) 15 0 Specifies addresses using the stack pointer and a4-bit
indirect | SP + d4 | displacement.
(d8, SP) 15 0 Specifies addresses using the stack pointer and an 8-
[ SP + d8 | bit displacement.
(d16, SP) 15 0 Specifies addresses using the stack pointer and a 16-
| SP + d16 | bit displacement.
Absolute (absB) 7 0 Specifies addresses using operand val ues appended to
instruction code. You can specify the optimum oper-
and length for the address to be specified.
(@bs12) 11 0] : ¥
(abs16) 15 0
[ abs16 |
(abs18) 17 OH
(Jump instructions only) | abs18 | |
RAM short (absB) 7 0 You can specify addresses with an 8-bit offset from
address x'00000'.
1/0O short (io8) 15 0 You can specify addresses using an 8-bit offset from
| IOTOP +i08 | the top address (x'03F00') of the special register area.
Handy (HA) — Thistype of addressing reuses an address that has
accessed memory. It can only be used with MOV and
MOVW instructions. Combine it with absolute
addressing to keep code size small.
Note: H: Hybrid bit.
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2.10 Memory Space

2.10.1 Memory Modes

Memory space includes the ROM area (the program area for instructions), the
RAM area (where data can be read or written), and a memory-mapped special
register area. The MN101C46F supports a single chip mode. Table 2-6 shows
settings for this mode.

Table 2-6 Memory Mode Settings

Memory Mode MMOD Pin EXMEM flag (MEMCTR register)
Single chip mode L 0

Disabled L 1

Disabled H —

2.10.2 Single Chip Mode

Single chip mode is a memory mode in which the system is constructed entirely
of internal memory. It isan optimized memory model that allows you to build the
highest performance system architecture. In single chip mode, both ROM and
RAM areinternal memory. The MN101C46F has 3 Kbytes of RAM space and 96
Kbytes of ROM space.

A 4 x'00000'
256 b abs8 addressing
vies access area Internal
3 Kbytes \j RAM
: . space
! x'00100 Data
x'00C00’
A x'03D00!
768 bytes Special register area
'
A 128 bytes 4 x04000 Interrupt i
Y vector table
A x04080 Subroutine
64 bytes Y vector table
A X'040C0O'
Instruction code/ Internal
48 Kbytes table data ROM
96 Kbytes space
Y
4 x'10000'
Instruction code/
48 Kbytes OSD fonts
Y Y X'1BFFF i
Note: MMOD=L
Figure 2-3 Single Chip Mode
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2.10.3 Special Function Registers
The MN101C46F assigns x’' 03D00’-x’ 03FFF' in memory space as a special
function register area (1/0 space). Its special registers are placed as follows.

Table 2-7 Register Map: x'03D00'-x'03EFF'

16 4 LSBs
MSBs F E|D|C|B|A 9 8 7 6 5 4 3 2 1 0 Description
x'03D00’
x'03D10’
x'03D20°
x'03D30’
X' 03D40’
X'03D50’
x'03D60’
) ) SLCN|SLCN
x'03D70 B g VBI (1)
x'03D80’
X'03D90’
x'03DA0
x'03DBO’
x'03DCO’
x'03DDO’
x'03DEQ’
) \ SLCN|SLCN
x'03DF0 Tow | Tiw VBI (2)
CRI4 | CRI3| CRI2 | CRIL| CAP | CAP [ACQ1[ACQ1| VBI | HNU [ SLSF[SLHD|[MAX | MIN | sL | FC
x'03E00" | FQW | FQW | FQW | FQW | DATA [DATA| H IRQ | M CNT
a VBI 1 registers
FCP | FCP | STAP| STAP | DATA | DATA | DATA | DATA [CRI2E|CRI2E| CRI2S| CRI2S|CRI1E|CRI1E|CRI1S|CRI1S €
x'03E10" |NUM |NUM | H EH E SH S H H H H
H
CRI4F|CRIZF|CRI2F|CRITF| CAP | CAP [ACQ1[ACQ1| VBI | HNU | SLSF [SLHD | MAX [MINW|SLCN | Fcw
x'03E20" [Qww |QWW |QWW |QWW | DATA |[DATA| WH | W [IRQW| MW | W w W TW
WH | W VBI 2 registers
FCP | FCP | STAP| STAP | DATA | DATA | DATA | DATA [CRI2E|CRI2E| CRI2S| CRI2S|CRI1E|CRI1E|CRI1S|CRI1S €
X'03E30" [NUM|NUM | WH | W |EWH| EW [SWH| SW | WH | W | WH | W [ WH | W [ WH | w
WH | W
' 03E4Q’ | HSEP| HSEP|CLAMICLAM[ SPLV [ SPLV [BPLV [SYNC| BPP [ BPPS | SCMI | SCMI | FQSE | FQSE | NFSE | NFSE
1H 1 PH P H MIN [STH| T [NGH| NG | LH L LH L
CLPC|cCLPC HVCO|VCNT|VCNT| HDIS|HDIS | HLO | HLO |FIELD|FIELD| HSEP | HSEP | Sync separator 1 registers
X' 03E50’ ND1H| ND1 ND | H TWH | TW |CKLV|CKLV| H 2H 2
H
HSEP | HSEP [CLAM|CLAM| SPLV | SPLV [ BPLV [ SYNC| BPPS | BPPS | SCMI | SCMI | FQSE | FQSE | NFSE | NFSE
X'03E60" [1WH | W |[PWH | PW | WH | W [ W |MINW|TWH | TW |NGW |[NGW [LWH | LW |LWH | LW
H Sync separator 2 registers
CLPC|CLPC HVCO|VCNT|VCNT| HDIS | HDIS | HLO | HLO |FIELD|FIELD| HSEP | HSEP Sep g
x'03E70’ NDIW|ND1W NDW | WH | W |[TWW |[TWW | CKL | CKL | WH | W |2WH | 2w
H H VWH | VW
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Table 2-7 Register Map: x'03D00'-x'03EFF' (Continued)
16 4 LSBs
MSBs |F | E|D|C|B|A|9 |8 |7 |6 |5|4|3|2]1]|0 Description
12C 12C 12C 12c | 12c [ 12c | 12¢c | 12
X' 03E80' BSTS BRST CLK MYA |DREC|DREC|DTRM|DTRM| 12C interface registers
D H H
, . |[TocH|TDCL TDCC PWMS| PWM4| PWM3 PWM2) PWM1] PWMO .
x'03E90 R R PWM regigers
, ! RMLD RMTR RMSR RMCS RMTC RMIR RMIS : . )
X'03EAQ Remote signal receiver registers
EVOD|EVOD [HCOU[HCOU 0sD3 0sD2 0sD1 RAME| GRO CRO
X'03EBO" | H NTH | NT ND MEN MEN
D D
' 03ECO | APH | 1AP [IVPHT VP TIHPH T THP SHTC [HSHT | HSHT [HSHT [HSHT | VSHT [ VSHT | VSHT [ VSHT
MH| 1 |oH| o || 1 |[OH]| O
) . WBSH BBSH FRAM COoLB i
% 03EDO > D A OSD control registers
' 03EEQ |PLTL7 [PLT16[PLT15 PLT14| PLT13[PLT 12| PLTLL[ PLT10| PLTO7 [ PLTOG| PLTOS | PLTO4| PLTO3 PLTO2| PLTOL| PLT00
' 03EFQ |PLT37|PLT36|PLT35| PLT34[PLT33| PLT32[ PLT3L| PLT30| PLT27| PLT26 [ PLT25| PLT24| PLT23[ PLT22[ PLT21| PLT20
) . OScMm ACT DLY | WD [MEM [CPUM
X' 03F00 b MD cr | or | cr CPU mode and memory control
) . P40U | P30U [ P20U | P1OU | POOU
x'03F10 - - T . - 1/0 port output
, ; P4MD | P3MD|P2MD | PIMD | POMD P4IN | P3IN [ P2IN | PLIN | POIN i
X' 03F20 1/0 port input
, . | ROM [ ROM P4DIR|P3DIR|P2DIR|P1DIR|[PODIR
X"03F30" | sennl cen 1/0 port 1/O mode control
, ! PCNT PCNT P4PL | P3PL | P2PL | P1PL | POPL :
X' 03F40 5 o U U U U u | MO port pullup resistor control
, . [ckam|ckam|[TM3am|[TM2m|TM30[ TM20[ TM3B| TM2B
X 0370 > ° ° ° ¢ ¢ c c Timer control
< 03E60 |75 CK4aM TM4M T™M40 T™M4B
D D D c c
< 03E70 | AMC[AMCTAMC[AMC[AMC [ AMC [ AMC [ AMC [ AMC [ AMC | AMC [ AMC [ AMC [ AMC | AMC [ AMC
HIM7 [ HIL7 | HIM6 | HIL6 | HIMS | HIL5 [ HIM4 | HIL4 | HIM3| HIL3 [ HIM2 | HIL2 | HIM1| HIL1 | HIMO | HILO
, . [AmMc|AMC [ AMC [ AMC [AMC | AMC | AMC | AMC | AMC | AMC [ AMC | AMC [ AMC | AMC [ AMC | AMC ) i
X'03F80" | |imF | HILF | HIME| HILE | HIMD| HILD |HiMC| HiLC | HIME | HILE [HiMA | HILA [ Hims | HiLo | Hims | HiLs | ROM correstion control 1 (correction address
X' 03F90 | AMC[AMCTAMC[AMC[AMC [ AMC [AMC [ AMC [AMC [ AMC [ AMC [ AMC [ AMC [ AMC | AMC [ AMC
HIHF | HIHE | HIHD | HIHC | HIHB | HIHA | HIHO | HIH8 | HIH7 | HIHG | HIHS5 | HIH4 | HIH3 | HIH2 [ HIH1 | HIHO
X' 03FAQ’ Serial interface control
) . AN AN | AN | AN :
X’ 03FBO BUFL ctrz | eTR1 | eTRO Analog interface control
X' 03FCO’
CH|cH|[cH | cH|[cH|cH|cH|[cH|cH|cH|[cH|[cH|cH|cH|cH| CH|[ROM correction control 2 (correc-
X"03FDO’ | DATF | DATE | DATD | DATC | DATB | DATA | DAT9 | DAT8 | DAT7 | DAT6 | DATS | DAT4 | DAT3 | DAT2 | DATL | DATO tion data)
' 03FEQ’ ™4 [ TM3I [ T™M2I IRQSI | IRQ4I [IRQ3I [ IRQ2! | IRQ1I | IRQOI [NMIC
CR | CR | CR CR|CR|CR|CR|CR|CR| R Interrunt control
' 03FFO' RMC | AD VBIV|VBIV| 12C | 0sD | vBIL | VBIO P
ICR | ICR UCR|OICR | ICR | ICR | ICR | ICR
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2.11 Bus Interface

2.11.1 Bus Controller

The MN101C series limits the effects of bus line loads and speeds up operation
by separating the buses to which internal memory and internal peripheral
functions are connected.

Bus control uses four types of buses. a ROM bus, a RAM bus, a peripheral
expansion bus (1/0 bus), and an external expansion bus. These buses are con-
nected respectively to internal ROM, internal RAM, internal peripheral
functions, and the external interface. The functions of the bus controller include
parallel instruction supply and data access, handling slow devices when
accessing external space, and arbitrating bus usage when an external bus master
deviceis connected. A block diagram of the bus controller is shown below.

Instruction Interrupt
queue Program address | | Operand address control
Bus controller
Memory control register Interrupt bus
Address decoding
Bus Memory mode setting
arbiter bus access (wait)
control

—
L —

Peripheral

QROM bus | > < RAM bus > | expansion bus| >

A A A]D

Internal peripheral
BR BG functions

o
o

CSIC interface

CSIC expansion bus
A D

Figure 2-4 Function Block Diagram of the Bus Controller

Internal RAM

Internal ROM

The CSIC expansion bus accesses the OSD, closed-caption, 1°C, PWM, and
remote signal receiver registers. Accesses of the CSIC expansion bus aways
have onewait and are set up in the memory control register MEMCTR). You can
set the number of waits for the peripheral expansion bus (1/0 bus) connected to
theinternal peripheral functions.

MN101C46F LS| User Manual
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2.11.2 Control Registers

Two registers control bus interface functions: the memory control register
(MEMCTR) and the expansion address control register (EXADV).

MEMCTR: Memory Control Register

x'03F01’

Bit: 7 6 5 4 3 2 1 0
IOW1 | IOWO0 | IVBM |[EXMEM| EXWH | IRWE | EXW1 [ EXWO0
Reset: 1 1 0 0 1 0 1 1
R/W: RW RW RIW RIW R/W RIW R/W RIW

IOW[1:0]: Set number of waits when accessing special register area.
00: No waits (279.3 nswith 14.32-MHz bus cycle)

01: Setting disabled (419.0 nswith 14.32-MHz bus cycle)
10: Two waits (558.6 nswith 14.32-MHz bus cycle)
11:Setting disabled (698.3 nswith 14.32-MHz bus cycle)

IVBM: Sets base address for interrupt vector table.

0O: Interrupt vector base = x’ 04000’
1: Interrupt vector base = x’ 00100’

EXMEM: Switches external memory expansion mode.
0: Do not expand to external memory.
1: Disabled.

EXWH: Switches between fixed wait mode and handshake mode.
0: Disabled.
1: Fixed wait mode.

IRWE: Sets software writing of interrupt request flag.

0: Writing with software disabled. The state of the interrupt request flag
(xxxIR) does not change even if datais written to an interrupt con-
trol register (xxxICR).
1: Writing with software enabled.

EXWI[1:0]: Set fixed wait states

00: No waits (279.3 nswith 14.32-MHz bus cycle)

01: Setting disabled (419.0 nswith 14.32-MHz bus cycle)
10: Two waits (558.6 ns with 14.32-MHz bus cycle)

11: Setting disabled (698.3 nswith 14.32-MHz bus cycle)

1]

The wait space for the EXW[1:0] applies to devices connected to the CSIC inter-
face. Three waits are inserted when the reset is cleared. Be sure to set the start of
the initialization routine to either no waits or two waits.

L4

The wait space for IOW[1:0] isthe special register area (1/0 space) at x'03F00'-
x'03FFF'. Three waits are inserted when the reset is cleared. Be sure to set the start
of theinitialization routine to either no waits or two waits. Select no waits for high-

performance system architectures.
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2.12 Standby Function

2.12.1 Overview

The MN101C46F has two sets of oscillation pins for the system clock (high and
low oscillation). It has two CPU operating modes (NORMAL and SLOW) and
two standby modes (HALT and STOP). You can decrease power consumption by
making effective use of these modes.

CPU operating mode Standby mode
Interrupt
NORMAL mode F STOPO ]
E CPU input clock: Off
NORMAL Program 5 g System clock: Off
CPU input clock: fosc [ \
System clock: fosc + 2 Interrupt
J E HALT 0
= CPU input clock: fosc
Program 4 F System clock: Off
Program 3
: STOP mode
Idle
CPU input clock switch
(fxi - fosc)
Program 1
HALT mode
Program 2
Interrupt £
\ E STOP1
\ E CPU input clock: Off
E System clock: Off
c S'—?V\é ] Program 5
PU input clock: fx;
Reset o System clock: fx) + 2 Interrupt E K j
— E HALT 1
E CPU input clock: fx|
SLOW mode =L System clock: Off E
Program 4
Notess 1. ==: CPU off
2. —m— Add oscillator stabilization wait
3. fosc: High-speed operating clock (externa oscillation + 2)
4. fy,: Low-speed operating clock (external oscillation + 8)
Figure 2-5 Transitions between Operating Modes
CPU
fi —
Divide by 2 0s¢ Divide by 2 System
Fast 0 > g'OCk
External oscillation -
oscillation input Divide by 4 ?
(12-16MHz) f 05Co
X Divide by 2
Slow
oscillation
Figure 2-6 Clock Switching Circuit
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m  The HALT States (HALTO and HALT1)
m  Inthe HALT states, the CPU ishalted but the oscillator continuesto run. You
can return immediately to the operating state with an interrupt.

m  InHALTO, both the fast and slow oscillators run. An interrupt returns
operation to NORMAL mode.

®  The STOP States (STOPO and STOP1)
m  Inthese states, both the CPU and the oscillators stop. Use an interrupt to
restart the oscillators, and then return to operating mode after oscillation has
stabilized.

m  From STOPO, an interrupt returns operation to NORMAL mode.

m  From STOPL, an interrupt returns operation to SLOW mode.

m  Slow Operation (SLOW)
In thismode, programs run at the slow operating clock. This reduces power con-
sumption.

m  [dling (IDLE)
Idling is used to make the program wait for the fast operating clock to stahilize
when going between SLOW mode and NORMAL mode.

Pay particular attention when reducing power supply by invoking STOP or
HALT mode that the current flowing to or from pins and input pin levels are not
unstable. For output pins, either match output to an external level or control the
direction from the input side. For input pins, fix the level externally.

The MN101C46F has one system-clock generating circuit set. It then produces
two clocks OSC and X1 by dividing the system clock internally. OSC is the fast
clock (for NORMAL mode) and X1 isthe slow clock (for SLOW mode). Usethe
CPU mode control register (CPUM) to move between NORMAL and SLOW
mode or to invoke standby modes. The normal reset operations and interrupts are
available as sources to return from standby modes. Waits for oscillation to sta-
bilize are inserted during reset operations and when returning from STOP mode;
they are not inserted when returning from HALT mode. The CPU automatically
returns the system clock’s oscillation mode to the mode it wasin prior to
invoking standby mode.
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2.12.2 CPU Mode Control Register
Use the settings of flagsin the CPU mode control register (CPUM) to change

modes.
CPUM: CPU Mode Control Register x'03F00'.
Bit: 7 6 5 4 3 2 1 0
— | &5 1 E5 | 55F | stop | HaLT | osc1 | osco
Reset: 0 0 0 0 0 0 0 0
R/W: RW RW RW RIW R/W R/IW RW
Table 2-8 Controlling the Operating Mode and Generating/Halting Clock Oscillation
Modes
Operating OscCl/ CPUInput
Mode STOP HALT OSC1 OSCO 0OSCO XI/XO Clock CPU
NORMAL 0 0 0 0 Oscillates Oscillates OSsCl Runs
IDLE 0 0 0 1 Oscillates Oscillates XI Runs
SLOW 0 0 1 1 Oscillates Oscillates XI Runs
HALTO 0 1 0 0 Oscillates Oscillates OSsCl Stopped
HALT1 0 1 1 1 Oscillates Oscillates Xl Stopped
STOPO 1 0 0 0 Stopped Stopped Stopped Stopped
STOP1 1 0 1 1 Stopped Stopped Stopped Stopped

There are three steps to invoking HALT or STOP mode from NORMAL mode.

1. Toreturnviaamaskable interrupt on the PSW, set MIE to 1 and set an IM
value that allows the recovery source interrupt to be received.

2. Check that the interrupt request flag (xxxIR) of the maskable interrupt con-
trol register (xxxICR) has been cleared, then set the interrupt enable flag
(XXXIE) for the recovery source.

3. Set the CPUM toinvoke HALT or STOP mode.

To clear an interrupt request flag using software, set the IRWE flag in the memory
control register (MEMCTR).
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2.12.3 Moving between SLOW and NORMAL Modes
The MN101C46F has two CPU operating modes, NORMAL and SLOW. To
move between SLOW and NORMAL modes, you must transit an idle state.

Thefollowing is an example of a program that moves between NORMAL and
SLOW modes.

Program 1
MOV x' 3", D0 ;I nvokes SLOW node
MOV Do, (CPUM

If the dlow clock isrunning with sufficient stability, you can invoke SLOW mode
from NORMAL mode with asimple write to the CPU mode control register. This
does not require that you transit the idle state.

To switch from SLOW mode back to NORMAL mode, start the fast clock oscil-
lating and hold the program in idle until the clock becomes sufficiently stable.
During idle, the CPU runs at the slow clock.

Oscillation stabilization requires the same length of time as areset. Unlike the
reset, however, you do not need to count with a program. We recommend that you

discuss the oscillation stabilization time with the oscillator manufacturer.

The following are examples of programs that move from SLOW back to
NORMAL mode.

Program 2
MOV x'"01',D0 ; Invokes |DLE node
MOV Do, (CPUM

Program 3
MOV  x'0B',D0 ; Loop for waiting 10-100 ps
LOOP ADD -1, D0 ; when at 3.58 MHz and
BNE LOOP ; nmoving fromslow (3.58 MHz)
SuB DO, DO ; to fast (14.32 MHz) cl ocks

MOV DO, (CPUM ; Sets NORMAL node
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2.12.4 Invoking the Standby Mode
Use programming to invoke standby modes from CPU operating modes; use
interrupts to return from standby modes to CPU operating modes.

Set the following to invoke standby modes.

1. Clear theinterrupt enableflag (MIE) in the processor status word (PSW) and
theinterrupt enable flag (xxxIE) in the maskable interrupt control register
(xxxICR) to disable all interrupts temporarily.

2. Specify the interrupt source that will return the standby mode to a CPU oper-
ating mode and set the xxxIE in the maskable interrupt control register for
only that return. Also set the MIE flag in the PSW.

NORMAL/
SLOW mode

Clear PSW’s MIE flag and interrupt enable flags (xxxIE)
of all maskable interrupt control registers

Disable all interrupts

Enable interrupt Set xxxIE, which causes return
that causes return Set MIE flag in PSW

Invoke HALT/
STOP mode

Watchdog timer
HALT: Count stops
STOP: Reset

HALT/STOP mode

If returning from STOP mode,)—>
wait for oscillation to stabilize

NORMAL/
SLOW mode
Interrupt
acceptance cycle

Interrupt that causes
return generated

Watchdog timer
- HALT: Counts restarts
STOP: Disabled

Note: Operationsin parentheses are performed by hardware.

Figure 2-7 Sequence for Invoking and Exiting Standby Modes
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(1

You cannot return to a CPU operat-
ing mode with a maskable interrupt
unless the interrupt has been
enabled and the level is equal to or
higher than the mask level setin the
PSW for the priority of theinterrupt
to be used before invoking HALT
or STOP mode.

Invoking the HALT Mode

Invoke HALTO from the NORMAL mode and HALT1 from the SLOW mode.
Only the CPU halts; the oscillation state is maintained. Return from HALT mode
with an interrupt or reset. A reset will cause an ordinary reset operation; an
interrupt will return to the mode prevailing before HALT was invoked. If you
invoke HALT mode with the watchdog timer enabled, the watchdog timer will
stop counting. It will resume counting once you return to a CPU operating mode.

Program 4
MV x'4',DO0 ; I nvokes HALT node
MOV DO, (CPUM
NOP ; Executes up to 3 instructions
NOP ; dependi ng on pipeline state
NOP ; after witing to CPUM

Invoking STOP Mode
Invoke STOPO from NORMAL mode and STOP1 from SLOW mode. Oscil-

lation and the CPU halt for both cases. Return from STOPO and STOP1 with an
interrupt or areset.

Program 5
MOV x'8',D0 ; I nvokes STOP node
MOV DO, (CPUM
NOP ; Executes up to 3 instructions
NOP ; depending on pipeline state
NOP ; after witing to CPUM
G
Right after the instruction of the
transition to HALT, STOP mode,
NOP instruction should be inserted
3times. By these commands, transi-
tionto STOP/HALT modeis
always executed during NOP
instructions, and in programming
the state of pipeline need not to be
mind.
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Setting the Clock Switch Register

(

When switching clocks, set the
OSCDBL, OSCSEL, and OSC0O
flags separately. Even flags that are
mapped to the same special register
must be set in two separate opera-
tions.

2.13 Setting the Clock Switch Register

Always set the MN101C46F's CPU mode control register (CPUM) flags and

oscillation frequency control register (OSCMD) flags.

OSCMD: Oscillation frequency control register

Bit: 7 6 5 4 3 2 1 0
— — — — — — | Reserved|Reserved
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R/IW RW
Reserved: Always set to 0.
CPUM: CPU mode control register
Bit: 7 6 5 4 3 2 1 0
Osc Oosc OsC
— SEL1 SELO DBL STOP | HALT | OSC1 | OSCO
Reset: 0 0 0 0 0 0 0 0
R/W: R RW RW RW RIW RW RIW RW

OSCSEL[1:0]: Clock division (NORMAL mode)

00: 1

01: Do not set.
10: Do not set.
11: Do not set.

OSCDBL: Always set to 0.

x'03F0D’

x'03F00
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(1

Use acircuit that provides a pulse
with a sufficiently long low level
for an instant shut-off if you are
connecting asupply voltage lower-
ing circuit to the NRST pin. A reset
might also be produced if the oscil-
lation clock has a pulse with alow
level time of four clocks or less, so
pay attention to noise.

2.14 Resets

2.14.1 Reset Operation
The CPU isinternaly reset and all registersinitialize when the NRST pin (P36)
isdriven low.

2.14.1.1Invoking the Reset Mode
There are two ways to invoke the reset mode.

1. Drivethe NRST pin low.
Drivethe NRST pin low for at least four cycles of the slow clock (fy).

NRST pin ———————

347 4 oscillation clocks
‘ (2.2 ps at 1.79 MHz)

Figure 2-8 Minimum Reset Pulse Width

2. You can aso invoke the reset mode through programming (a software reset)
by outputting low to pin P36 (NRST) by setting the P3OUTG6 flag in the
P30UT register to 0. When areset within the MN101C46F initializes the
registers, the PBOUT6 flag is set to 1, and the reset is cleared. See section
4.3, “1/0 Port Control Registers,” on page 85.

The MN101C46F starts up in SLOW mode if aslow oscillation is used as the base
clock.

2.14.1.20peration Sequence During Resets

1. When thereset pin changes from L to H, the internal 14-bit counter (also
used as the watchdog timer) starts counting the system clocks. The length of
time required from the start of counting to overflow is called the oscillation
stabilization wait.

2. Interna registers and specia registers areinitialized during the reset period.

3. Interna resets are cleared when the oscillation stabilization wait ends and
program execution begins for the address written in the vector table at
address x’ 04000'.
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VDD
NRST
|
]
| Oscillator
1 stabilization
! wait
Internal RST ‘

Figure 2-9 Reset Clearing Sequence

2.14.2 Oscillation Stabilization Wait

The oscillation stabilization wait is the time required for a stopped oscillation
circuit to reach stable oscillation. An oscillation stabilization wait is inserted
automatically when areset is cleared or when returning from the STOP mode.
You can select the oscillation stabilization wait when returning from the STOP
mode by setting the oscillation stabilization wait control register (DLY CTR). The
oscillation stabilization wait is fixed for reset clearing.

Thetimer that counts the oscillation stabilization wait is also used as a watchdog
timer. It aso functions as an override detection timer if not clearing areset or
returning from STOP mode. When resetting from the STOP mode, the watchdog
timer isinitialized and counting begins from an initial value (x’0000’) using the
system clock (fs) asthe clock source. After the oscillation stabilization wait ends,
the timer continues counting as a watchdog timer. See section 9, “Watchdog
Timer,” on page 169.

NRST }—()‘ ™~
STOP
write WDCTR

Y
HALT R R R
P 1/2 /214 1/215 1/2%0 Internal
S S reset
(sysclk) y A release
fs/2
fg/210
DLYCTR /20 MUX
o fa/22
bLyso_ ) ?
_DLys1 |
"""" 7 fS/Zig
WDCTR ng MoX WOIRQ
_WDEN_] 0 ?
_woTso |
worst )
_WDTCO
L
"""" 7

Figure 2-10 Function Block Diagram of the Oscillator Stabilization Wait
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DLYCTR: Oscillation Stabilization Wait Control Register x'03F03’
Bit: 7 6 5 4 3 2 1 0
— — — — DLYS1 | DLYSO — —
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R RIW R/W R R

DLYS[1:0]: Oscillation stabilization wait period select

The oscillation stabilization wait period after areset is fg/214
00: 214
01; 210
10: 2%
11; 22

2.14.2.1Controlling the Oscillation Stabilization Wait

When returning from the STOP mode, you can select an oscillation stabilization
wait of 214210 26 or 22 system clocks by setting bits[3:2] (DLY S1 and DLY S0)
of DLYCTR.

When clearing areset, the oscillation stabilization wait is fixed at 21* system
clocks. Select the system clocks in the CPU mode control register (CPUM).

Table 2-9 Oscillation Stabilization Wait

DLYS1 DLYS2 Oscillation Stabilization Wait
0 0 214 system clocks
0 1 210 system clocks
1 0 25 system clocks
1 1 22 system clocks
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3 Interrupts

3.1 Description

For faster response, the MN101C46F uses a vector system that jumps directly to
an interrupt service routine. The MN101C46F s interrupt vectorsinclude a reset,
anonmaskable interrupt (NMI), six external interrupts, and nine internal
interrupts (peripheral function interrupts).

The operation of normal interrupts, other than the reset, follows a sequence con-
sisting of an interrupt request, acceptance of the interrupt, and hardware pro-
cessing. The hardware processing of interrupts consists of saving the program
counter (PC), processor status word (PSW), and handy addressing information
(HA) to the stack and jumping to the address specified by the vector. After the
interrupt service routine quits, the saved data can be restored using an RTI
instruction. After an interrupt occurs, jumping to the interrupt service routine
takes a maximum of 12 machine cycles; the return takes a maximum of 11
machine cycles.

Interrupt control registers set up for each interrupt are used to control the
interrupt function. Interrupt control registers each have an interrupt request flag
(IR), and interrupt enable flag (IE), and an interrupt level flag field (LV[1:0]).

The interrupt request flag (IR) is set to 1 when an event that is an interrupt source
occurs. It iscleared to 0O when the interrupt is accepted. The interrupt request flag
is hardware operated, but it can also be written to using software.

The interrupt enable flag (IE) enables the specified interrupt. The nonmaskable
interrupt (NM1) has no interrupt enable flag; if itsinterrupt request flag is set, itis
accepted unconditionally. Maskable interrupts have interrupt enable flags. The
interrupt enable flags of maskable interrupts are valid if the maskable interrupt
enable flag (MIE flag) of the PSW is set to 1.

Vector numbers are preset for maskable interrupts in the hardware, but you can
giveinterrupts priorities with a user program by setting the interrupt level flag
field (LV[1:0]). There are three levels of interrupt priorities; when multiple
interrupts have the same priority level, the one with the lowest vector number has
the highest priority. A maskable interrupt is accepted if the level set for it in the
interrupt level field (LV[1:0]) is higher than the level in the interrupt mask level
field (IM[21:0]) of the PSW. No level is specified for nonmaskable interrupts; they
are always accepted with top priority.
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3.2  Functions
Table 3-1 Interrupt Functions
Interrupt
Types Reset Interrupt Nonmaskable Interrupt Maskable Interrupts
Vector No. 0 1 2-27
Table address X'04000' X'04004' X'04008'—x'0406C'
Start address Specify with the vector table.
Interrupt level — — Levels 0—2 (programmed)

Interrupt source

External RST pin input

Software fault detection, Pl
interrupts

Interrupts from external pin input or internal periph-
eral functions

Interrupt generation

Input directly to CPU core.

Input to CPU core from the
nonmaskable interrupt control
register (NMICR).

Theinterrupt request level set in the interrupt level
flag (xxxLVn) of the maskable interrupt control regis-
ter (xxxICR) isinput to the CPU core.

Acceptance Always accepted. Always accepted. Acceptance determined by the interrupt mask level
(IM) of the PSW and interrupt control of the register
(xxxICR).

Machine cycles 12 12 12

needed for accep-

tance

PSW status after All flags cleared to O. Interrupt mask level flag of Theinterrupt mask level of the PSW is set to the

acceptance PSW cleared to 00. interrupt level flag (xxxLVn) setting. (Interrupt

requests whose level is the same or lower than the
accepted level are masked.)

Panasonic Semiconductor Development Company

a7

Panasonic

MN101C46F LS| User Manual



Interrupts
Block Diagram

XxxLV: Interrupt Level

3.3 Block Diagram
PSW
7 6 5 4 3 2
[ wemawo] | T T ]
Level
detect ) » Interrupt
CPU core
]
_____________________________________ Vector 1
IRQNMI , 7 H
‘ \A—‘ ‘
1 1
IRQLVL[2:0] | \y‘ 2‘ 1‘ 0‘ :
‘ ‘
' NMICR T '
1 1
! PI !
l
: i | wpoG
|
‘ :
| |
Vector 2
‘ ‘
1 1
1 1
H 7 6 5 4 3 2|10 |
: IRQICR  [xxxLV[L:0] IXXXIE] xxxIR‘ :
. ! | Peripheral
' 1+ | functions
]
! 110
L EERITERITEPNRPN PR XXXLV: Interrupt Level !
' xxXIE: Interrupt Enable 1
0
4@ : @7 xxxIR: Interrupt Request
|
: (I q oec |
l
|
\l—\ N
1
|
1
' \JT
. 7 6 5 4 3 2 |10
H XXXICR [xxxLV[L:0] xxIE| xxle‘
. 1 | Peripheral
! functions
1
1
1
i
0

DEC

xxxIE: Interrupt Enable
xxxIR: Interrupt Request

Figure 3-1 Block Diagram for Interrupt Functions
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3.4 Operation

3.4.1 Interrupt Handling Sequence

The operation of normal interrupts (other than the reset) follows a sequence con-
sisting of an interrupt request, acceptance of the interrupt, and hardware pro-
cessing. The hardware processing of interrupts consists of saving the program
counter (PC), processor status word (PSW), and handy addressing information
(HA) to the stack and jumping to the address specified by the vector. After the
interrupt service routine quits, the register values saved when the interrupt was
accepted are restored using an RTI instruction and operation returns to the
program that was running when that interrupt was accepted.

Interrupt service routine

Main program Reset interrupt

source at beginning

Hardware processing
PC, PSW save, etc

Interrupt A

occurs

12 machine cycles max.

11 machine cycles

Restart PSW, PC retim/,/eic-/’//

RTI instruction

Figure 3-2 Interrupt Handling Sequence (Maskable Interrupts)
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3.4.2

Interrupt Vector Addresses and I nterrupt Groups

The table below shows the relationship between interrupt vector addresses and
interrupt groups.

Table 3-2 Interrupt Vector Addresses and Interrupt Groups

Vector Control Register
No. Address Interrupt Group (Source) (Address)
0 X'04000' | Reset — — —
1 X'04004 | Nonmaskable interrupt NMI NMICR X' 03FEY
2 X'04008' | External interrupt O IRQO IRQOICR | x'03FE2
3 X'0400C" | External interrupt 1 IRQ1L IRQ1LICR | x'03FE3
4 X'04010' | External interrupt 2 IRQ2 IRQ2ICR | x'03FE4
5 X'04014' | External interrupt 3 IRQ3 IRQ3ICR | X'03FE%
6 X'04018' | External interrupt 4 IRQ4 IRQ4ICR | x'O3FE6
7 X'0401C | External interrupt 5 IRQ5 IRQ5ICR | X'O3FE7T
8 X' 04020 Reserved — — —
9 X'04024' | Reserved — — —
10 x'04028' | Reserved — — —
1 X'0402C | Timer 2 interrupt TM2IRQ TM2ICR X' 03FEB’
12 X'04030° | Timer 3interrupt TM3IRQ TM3ICR X' 03FEC’
13 X'04034’ | Timer 4 interrupt TM4IRQ TM4ICR | x’03FED’
14 X'04038 | Reserved — — —
15 x'0403C" | Reserved — — —
16 X'04040' | Reserved — — —
17 X'04044' | Reserved — — —
18 X'04048' | Reserved — — —
19 X'0404C’ | Closed-caption decoder O VBIOIRQ VBIOICR | Xx'03FF3
interrupt
20 X'04050" | Closed-caption decoder 1 VBI1IRQ VBILICR | x'O3FF4
interrupt
21 X'04054' | OSD interrupt OSDIRQ OSDICR X' 03FF5'
22 X'04058 | I°C interrupt 12CIRQ I12CICR X' 03FF6'
23 X'0405C" | Closed-caption decoder 0 | VBIVOIRQ | VBIVOICR | x'O3FF7'
VSYNC (VBIVO) inter-
rupt
24 X'04060' | Closed-caption decoder 1 | VBIV1IRQ | VBIV1ICR | x 03FF8
VSYNC (VBIV1) inter-
rupt
25 X'04064' | Reserved — — —
26 X'04068 | A/D conversion interrupt ADIRQ ADICR X' O3FFA’
27 X' 0406C’ Remote control interrupt RMIRQ RMICR X' 03FFB’
28 X'04070' | Reserved — — —
29 X'04074' | Reserved — — —
30 X'04078 | Reserved — — —

MN101C46F LS| User Manual
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3.4.3 Interrupt Levels and Priorities

The MN101C46F assigns vector numbers and interrupt control registers for each
interrupt (except reset interrupts). It sets interrupt levels by interrupt groups
(except for the reset and nonmaskabl e interrupts) using programming. There are
three levels of interrupt priority; when multiple interrupts have the same priority
level, the one with the lowest vector number has the highest priority. (When a
vector 3 interrupt set at level 1 occurs at the same time as a vector 4 interrupt set
at level 2, the vector 3 interrupt is accepted.)

Vector 1 (nonmaskable interrupt) | Priority | Interrupt vector No.

1 Vector 1

%’ Level 0 | Vectors 2,5 and 6 | 2 Vector 2

é’ 3 Vector 5

b5

2 Level 1 | Vector 3 | 4 Vector 6

[5]

% 5 Vector 3

S

g Level 2 | Vectors 4 and 8 | 6 Vector 4

g

) 7 Vector 8

Figure 3-3 Example of Interrupt Levels

3.4.4 How Interrupts Are Accepted
After aninterrupt source occurs, it goes through the following sequence until it is
accepted.

1. Theinterrupt request flags (xxxIR) of the external interrupt control register
(IRQNICR) and internal interrupt control register (xxxICR) corresponding to
the interrupt source are set to 1.

2. If theinterrupt enable flag (xxxIE) for that interrupt request flag is 1, an
interrupt request signal is output to the CPU.

3. Theinterrupt request signal istheinterrupt level information set for the indi-
vidual interrupt. The leve set in theinterrupt level flag (xxxLV[1:0]) is out-
put to the CPU.

4. If thelevel of theinterrupt request of the output interrupt request signal is
higher than the level set in the interrupt mask level field (IM[1:0]) of the
PSW and the PSW’s interrupt enable flag (MIE) is 1 (enabled), the interrupt
is accepted.

5. After theinterrupt is accepted, the interrupt request flag (xxxIR) is cleared.
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Current interrupt mask level (IM)

0
VF‘NF‘CF‘ZF‘

o

7
PSW | — |MIE[IM1]|IM

Level detection: Interrupts serviced if IL<IM

T

XXXICR  PoxLVIxxxLVO] ‘ ‘ ‘ ‘xxxlE‘ xxxIR‘

Level of interrupt that occurred (IL)

Figure 3-4 Interrupt Acceptance Process

The mask interrupt enable flag (MIE) is set to 0 in the following cases, disabling

G interrupts.
[ |

The interrupt enable flag (<xxxIE) is ®  When the program writesa 0 to MIE in the PSW.
not cleared after the interrupt is
accepted. m  When areset isinput.

The MIE flag is set to 1 in the following cases, enabling interrupts.
m  When aprogram writes a 1 to the MIE in the PSW.

Thevaluein theinterrupt mask level field (IM[1:0]) is changed in the following
cases.

m  When new values are written by aprogram in the IM[1:0] field of the PSW.
m  |M[1:0] become 00 when areset isinput.

m  IM[1:0] change to the corresponding interrupt level value when a maskable
interrupt is accepted.

routine program, IM[1:0] is restored to the mask level value prevailing

m  When an RTI instruction is executed at the very end of the interrupt service
C before the interrupt was accepted.

The MIE in the PSW is not cleared

to 0 when an interrupt is accepted. If anonmaskable interrupt and a maskable interrupt occur at the same time, the
nonmaskable interrupt takes priority.
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3.4.5 Interrupt Acceptance

Operation

The MN101C46F uses hardware to save the program'’s return address, PSW, and
the like to the stack when an interrupt is accepted. It then jumps to the start
address of the interrupt program specified in the interrupt vector table. The fol-
lowing shows the sequence of hardware processing when an interrupt is

accepted.

1. Thestack pointer (SP) valueis updated.

(SP-6) - (SP)

2. Thehandy addressregister (HA) is saved to the stack.
High order HA - (SP+5)
Low order HA - (SP+4)
3.
PC (bits 18:17, 0) - (SP+3)
PC (bits 16:9) - (SP+2)
PC (bits 8:1) - (SP+1)
4. ThePSW is saved to the stack.
PSW - (SP)
5.
Interrupt level (xxxLVn) - IMn
6. Operation jumpsto vector table address.

New SP
(after interrupt serviced)

OdSP g
(before interrupt serviced)

7 0

/‘\/

PSW

PC[8:1]

PC[16:9]

Pco: Reserved iPC[1817]

HA7:0]

HA[15:8]

/‘\_/

Program counter data (PC = top return address) is saved to the stack.

The xxxLVn of the accepted interrupt is copied to the IMn of the PSW.

Lower

Address

Higher

Figure 3-5 Stack Status during Interrupts
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3.4.6 Interrupt Return Operation

After the values of registers and the like that were saved by interrupt servicing
have been restored by the program (by a POP instruction), operation returnsto
the program that was being executed when the interrupt was accepted viaan RTI
instruction.

The following shows the sequence of operation for the return-from-interrupt
instruction (RTI)

1. The contents of the PSW saved to the stack (SP) are restored.
2. Thedataof the program counter (PC=Top return address) saved to the stack

G (SP+1, 2 or 3) isrestored.
| |

Dataand address registers are not 3. Thehandy addressregister (HA) is restored from the stack (SP+4 or 5)
saved, so put aPUSH instructionin
the program if you need to save 4. The SPvalueisupdated. (SP+6) - (SP)
them to the stack.

5. Operation jumps to the address indicated by the PC.
G The handy address register is an internal register saved so that handy addressing
Bits 6:2 of the address where the is not affected by interrUptS-

program counter (bits 18:17 and 0)
is saved are reserved. Do not have
the program change them.
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3.4.7 Maskable Interrupts

The sequence of operation when an interrupt with alow mask level occursduring
interrupt servicing is shown below (interrupt 1: xxxLV[1:0]="00", interrupt 2:
xxxLV[1:0]="10").

e y——( )
IM[1:0] = b'00"

Set MIE

IM[1:0] = b'11"

Interrupt @ occurs —z% IL <IM and MIE = 1, so accepted
(xxxLV[1:0] = b'00")

(IM[l:O] = b'OO')4>

Interrupt
servicing cycle

Clnterrupt service routine@)
*1

~-=<—|nterrupt (2) occurs
(xxxLV[1:0] = b'10")

2 R =— (im0 = b1r)

Interrupt
(IM[l:O] = b'10) servicing cycle

Clnterrupt service routine@)

RT| —~— (IM[l:O] = b'll')

Interrupt occurs — » IM = IL, so not accepted
(xxxLV[1:0] = b'11")

\/

Notes: 1. Interruptsthat occur during interrupt service routine 1 are accepted as
nested interruptsif IL < IM. If IL> IM, they are not accepted.

2. If interrupt 2, which occurs during interrupt serviceroutine 1, is not accepted
because IL =IM, it is accepted when interrupt service routine 1 ends.

3. Operationsin parentheses are performed by hardware.

Figure 3-6 Processing Sequence for Maskable Interrupts
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(1

Do not perform operationsin the
maskable interrupt control register
(xxxICR) when interrupt nesting is
enabled. If you need to do an opera-
tion, first clear the MIE flag of the
PSW to disable interrupts.

3.4.8 Nested Interrupts

Once an interrupt is received, the MN101C46F automatically disables
acceptance of interrupts with lower levels. When an interrupt is received, its
xxxLV[1:0] is copied to the processor status word's IM[1:0]. Thus, after an
interrupt is received, interrupts with levels lower than that of the received
interrupt are automatically disabled, but interrupts with levels higher than the
received interrupt are accepted as nested interrupts. In generd, priority is
assigned by levels even during interrupt handling; however, you can still control
nested interrupts through the following procedures.

1. Todisable nested interrupts, do either of the following:
¢ Clear MIEinthe PSW to 0.
¢ RewriteIM[1:0] in the PSW to raise the mask level.
2. Toenableinterrupts with levels lower than the received interrupt:

¢ Rewrite IM[1:0] in the PSW to lower the mask level.

Interrupt nesting can only be enabled for those interrupts whose level is higher
than the interrupt mask level (IM) of the PSW.

You can accept an interrupt with priority below that of the interrupt currently being
processed by forcibly re-writing its IM, but be sure the nested interrupts do not
overflow the stack.

=2

The operating sequence for nested interruptsis shown below.

(Interrupt 1: xxxLV[1:0]= 10, Interrupt 2: xxxLV[1:0]= 00)

MN101C46F LS| User Manual
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Main program
IM[1:0] = b'11’

Interrupt @ occurs —z» IL < IM, so accepted
(xxxLV[1:0] = b'10")

Interrupt
(IM[l:O] = b’lo) servicing cycle
( Interrupt service routine@ )

Interrupt Qoccurs —z» IL < IM, so accepted
(xxxLV[1:0] = b’'00")

Interrupt
(IM[l:O] = b’OO‘) servicing cycle

( Interrupt service routine@@) )

Restart interrupt service routine@
\ ~— (wzor=s0)

RTI —=— (IM[l:O]:b'll’)

Note: Operationsin parentheses are performed by hardware.

Figure 3-7 Processing Sequence for Nested Interrupts

Panasonic Semiconductor Development Company MN101C46F LSl User Manual
57

Panasonic



Interrupts
Setting the Interrupt Flags

3.5 Setting the Interrupt Flags

3.5.1 Using Software to Rewrite I nterrupt Request Flags (IR)
Interrupt request flags are operated by hardware and are set to 1 when an
interrupt source event occurs. When the interrupt is accepted, they are cleared to
0. To rewrite an interrupt request flag by software, you must set the IRWE flag in
the MEMCTR register.

3.5.2 Setting the Interrupt Flags
The table below shows how interrupt flags are set and describes the flags
(including changing interrupt request flags using software).

Table 3-3 Setting Interrupt Flags

Procedure Description

Disable all maskable interrupts Clear the MIE flag in the PSW to disable all maskable interrupts. Be sure to do thisif you are
changing the interrupt control register.

Set up interrupt sources This procedure makes selections for interrupt sources such as choosing the interrupt edges, chang-
ing the interrupt periods of timers, and the like.

Write-enable interrupt request flags This operation sets the IRWE flag of the memory control register (MEMCTR) and enables writes
to interrupt request flags using software. You only need to do thisif you change the interrupt
request flag with software.

Rewrite the interrupt request flags This operation rewrites interrupt request flags (xxxIR) in the interrupt control register (xxxICR).

Write-disable interrupt request flags This operation clears the IRWE flag and disables writing to the interrupt request flags using soft-
ware.

Set the interrupt levels This operation setsinterrupt levels using the xxxLV[1:0] flag of the interrupt control register (xxx-
ICR). Set the IM[1:0] flag of the PSW if you need to change the interrupt acceptance level of the
CPU.

Enable interrupts This operation sets the xxxIE flag of the interrupt control register (xxxICR) to enable interrupts.

Enable al maskable interrupts This operation sets the MIE flag of the PSW and enables maskabl e interrupts.
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3.6 Interrupt Control Registers

The interrupt control registers are comprised of the nonmaskable interrupt
control register (NMICR), externa interrupt control registers (IRQnICR), and
interna interrupt control registers (xxxICR).

Table 3-4 Interrupt Control Registers

Disableall maskableinterruptswith
the MIE flag of the PSW register
before writing to the interrupt con-
trol register.

Register | Address | RIW Register name

NMICR X' 03FEY R/W | Nonmaskable interrupt control register

IRQOICR X' O3FE2’ R/W | External interrupt O control register

IRQ1ICR x' 03FE3’ R/W | External interrupt 1 control register

IRQ2ICR X' O3FE4’ R/W | External interrupt 2 control register

IRQ3ICR X' O3FES’ R/W | External interrupt 3 control register

IRQ4ICR x' O3FE6’ R/W | External interrupt 4 control register

IRQ5ICR X' O3FE7’ R/W | External interrupt 5 control register

TM2ICR X' O3FEB’ R/W | Timer 2 interrupt control register (timer 2 compare match)

TM3ICR x' 03FEC’ R/W | Timer 3 interrupt control register (timer 3 compare match)

TM4ICR X' 03FED’ R/W | Timer 4 interrupt control register (timer 4 compare match)

VBIOICR X' 03FF3’ R/W | Closed-caption decoder O interrupt control register

VBI1ICR X' 03FF4' R/W | Closed-caption decoder 1 interrupt control register

OSDICR X' 03FF5’ R/W | OSD interrupt control register

12CICR X' O3FF6’ RW |I1°C interrupt control register

VBIVOICR | X' O3FF7 R/W | Closed-caption decoder 0 VSYNC (VBIVO0) interrupt con-
trol register

VBIV1ICR | X’'03FF8 R/W | Closed-caption decoder 1 VSYNC (VBIV1) interrupt con-
trol register

ADICR X' O3FFA’ R/W | A/D conversion interrupt control register

RMCICR X' O3FFB’ R/W | Remote control interrupt control register

Setting the interrupt level specification flag (xxxLVn) to level 3 disables that vec-
tor's interrupts regardless of the interrupt enable flag and interrupt request flag.
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NMICR: Nonmaskable Interrupt Control Register x'03EF1'

Bit: 7

6 5 4 3 2 1 0

— — — — PIR WDIR |Reserved

Reset: 0
R/W:

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

PIR: Program interrupt request flag

0: No interrupt request
1. Generate interrupt request

WDIR: Watchdog interrupt request flag

0: No interrupt request
1: Generate interrupt request

Reserved: Always set to 0.

The nonmaskable interrupt control register stores nonmaskable interrupt
requests. When a nonmaskable interrupt occurs, it is accepted regardless of the
interrupt mask level (IMn) in the PSW, and operation jumps to the address
written at X’ 04004 in the interrupt vector table. The watchdog timer overflow
interrupt request flag (WDIR) is set to 1 when the watchdog timer overflows. The
program interrupt request flag (PIR) is set to 1 when an undefined instruction is
executed. Forcibly generate a nonmaskable interrupt by setting either the PIR
flag or the WDIR flag with an instruction.

IRQOICR: External Interrupt 0 Control Register x'03FE2’ to x'03FE71’
Bit: 7 6 5 4 3 2 1 0
'5\?1“ 'va(;‘ REDGn| — — — | IRQnIE | IRQNIR
Reset: 0 0 0 0 0 0 0 0
RIW: R/W RW RIW R R R R/W RIW

The external interrupt n control register (IRQNICR) isthe register that con-
trolsinterrupt levels, valid edges, interrupt enables, and interrupt requests
for external interrupt n. Use interrupt control registers with the maskable
interrupt enable flag (MIE) of the PSW at 0.n=0to 5.

IRQNLV[1:0]: External interrupt level specification flag

Sets a CPU level between 0-3 for the interrupt.

REDGnN: External interrupt enable edge specification flag

0: Negative edge
1: Positive edge

IRQnNIE: External interrupt enable flag

0: Disable interrupt
1: Enable interrupt

IRQnNIR: External interrupt request flag

0: No interrupt request
1: Generate interrupt request

MN101C46F LS| User Manual
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TMnICR: Timer n Interrupt Control Register Xx'03FEB’ to x’03FED’

Bit: 7

6 5 4 3 2 1 0

TMn
Lv1

TMn

LVO — — — — TMnIE | TMnIR

Reset: 0
R/W: R/W

0 0 0 0 0 0 0
RW R R R R R/W RIW

Thetimer ninterrupt control register (TMnICR) isthe register that controls
interrupt levels, valid edges, interrupt enables, and interrupt requests for
timer ninterrupts. Use interrupt control registers with the maskable inter-
rupt enable flag (MIE) of the PSW at 0. n=2to 4.

TMnLV[1:0]: Interrupt level specification flag

A 2-hit flag that setsthe interrupt level. Determines which of the CPU’s
levels 0-3 is assigned to the interrupt.

TMnIE: Interrupt enable flag

0: Disable interrupt
1. Enable interrupt

TMnIR: Interrupt request flag

0: No interrupt request
1: Generate interrupt request

VBIOICR: Closed-Caption Decoder O Interrupt Control Register x'03FF3
Bit: 7 6 5 4 3 2 1 0
VBOLV1|VBOLVO — — — — VBOIE | VBOIR
Reset: 0 0 0 0 0 0 0 0
R/W: RW RW R R R R RIW RW

The closed-caption decoder 0 interrupt control register (VBIOICR) con-
trols interrupt levels, interrupt enables, and interrupt requests for closed-
caption decoder O interrupts. Use interrupt control registers with the
maskable interrupt enable flag (MIE) of the PSW at 0.

VBOLV[1:0]: Interrupt level specification flag

A 2-hit flag that setsthe interrupt level. Determines which of the CPU’s
levels 0-3 is assigned to the interrupt.

VBOIE: Interrupt enable flag

0: Disable interrupt
1: Enable interrupt

VBOIR: Interrupt request flag

0: No interrupt request
1. Generate interrupt request
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VBI1ICR: Closed-Caption Decoder 1 Interrupt Control Register x'03FF4’
Bit: 7 6 5 4 3 2 1 0
VBI1LV1|VBI1LVO — — — — VBIIE | VB1IR
Reset: 0 0 0 0 0 0 0 0
R/W: R/W RW R R R R RIW RIW

The closed-caption decdoer 1 interrupt control register (VBI1ICR) con-
trolsinterrupt levels, interrupt enables, and interrupt requests for closed-
caption decoder 1 interrupts. Use interrupt control registers with the
maskable interrupt enable flag (MIE) of the PSW at 0.

VB1LV[1:0]: Interrupt level specification flag

A 2-hit flag that setsthe interrupt level. Determines which of the CPU’s
levels 0-3 is assigned to the interrupt.
VBLIE: Interrupt enable flag
0: Disable interrupt
1. Enable interrupt
VBL1IR: Interrupt request flag
0: No interrupt request
1: Generate interrupt request

VBIVOICR: Closed-Caption Decoder 0 VSYNC Interrupt Control Register x’03FF7’

Bit: 7 6 5 4 3 2 1 o
VBVO | VBVO
Lv1 LVvO - - - — VBVOIE|VBVOIR
Reset: 0 0 0 0 0 0 0 0
RW: RW  RW R R R R RW  RW

The closed-caption decoder 0 interrupt control register (VBIVOICR) con-
trolsinterrupt levels, interrupt enables, and interrupt requests for VBIVO
interrupts. Use interrupt control registers with the maskable interrupt
enable flag (MIE) of the PSW at 0.

VBVOLV[1:0]: Interrupt level specification flag

A 2-hit flag that setsthe interrupt level. Determines which of the CPU’s
levels 0-3 is assigned to the interrupt.

VBVOIE: Interrupt enable flag
0: Disable interrupt
1: Enable interrupt

VBVOIR: Interrupt request flag
0: No interrupt request
1. Generate interrupt request
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VBIV1ICR: Closed-Caption Decoder 1 VSYNC Interrupt Control Register x’03FF8’

Bit: 7 6 5 4 3 2 1 0
VBV1 | VBV1
Lv1 Lvo - - - — VBVI1IE|VBVI1IR
Reset: 0 0 0 0 0 0 0 0
R/W: R/W RW R R R R RIW RW

The closed-caption decoder interrupt control register (VBIV 1ICR) controls
interrupt levels, interrupt enables, and interrupt requests for VBIV 1 inter-
rupts. Use interrupt control registers with the maskable interrupt enable

flag (MIE) of the PSW at 0.

VBV1LV[1:0]: Interrupt level specification flag

A 2-hit flag that setsthe interrupt level. Determines which of the CPU’s
levels 0-3 is assigned to the interrupt.

VBVL1IE: Interrupt enable flag
0: Disable interrupt
1. Enable interrupt

VBVL1IR: Interrupt request flag
0: No interrupt request
1: Generate interrupt request

OSDICR: OSD Interrupt Control Register

Xx'03FF5’

Bit: 7 6 5 4 3 2 1 0
OSDLV1|0SDLVO| — — — — OSDIE | OSDIR
Reset: 0 0 0 0 0 0 0 0
RW: RW RW R R R R R/W RIW

The OSD interrupt control register (OSDICR) isthe register that controls
interrupt levels, interrupt enables, and interrupt requests for OSD inter-
rupts. Use interrupt control registers with the maskable interrupt enable

flag (MIE) of the PSW at 0.

OSDLV[1:0]: Interrupt level specification flag

A 2-hit flag that setsthe interrupt level. Determines which of the CPU’s
levels 0-3 is assigned to the interrupt.

OSDIE: Interrupt enable flag
0: Disable interrupt
1: Enable interrupt

OSDIR: Interrupt request flag
0: No interrupt request
1. Generate interrupt request
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I2CICR: I1°C Interrupt Control Register x'03FF6’
Bit: 7 6 5 4 3 2 1 0
12CLV1 | 12CLVO — — — — 12CIE | 12CIR
Reset: 0 0 0 0 0 0 0 0
R/W: R/W RW R R R R RIW RW

Thel?C interrupt control register (12CICR) isthe register that controls
interrupt levels, interrupt enables, and interrupt requests for 1?C interrupts.
Useinterrupt control registers with the maskable interrupt enable flag
(MIE) of the PSW at 0.

I2CLV[1:0]: Interrupt level specification flag

A 2-hit flag that setsthe interrupt level. Determines which of the CPU’s
levels 0-3 is assigned to the interrupt.

I2CIE: Interrupt enable flag
0: Disable interrupt
1. Enable interrupt

I2CIR: Interrupt request flag
0: No interrupt request
1: Generate interrupt request

<NEW>
ADICR: A/D Conversion Interrupt Control Register X'03FFA’
Bit: 7 6 5 4 3 2 1 0
ADLV1 | ADLVO - — — - ADIE | ADIR
Reset: 0 0 0 0 0 0 0 0
RW: RW RW R R R R RIW RIW

The A/D conversion interrupt control register (ADICR) is the register that
controlsinterrupt levels, interrupt enables, and interrupt requests for A/D
conversion interrupts. Use interrupt control registers with the maskable
interrupt enable flag (MIE) of the PSW at 0.

ADLV[1:0]: Interrupt level specification flag

A 2-bit flag that sets the interrupt level. Determines which of the CPU’s
levels 0-3 is assigned to the interrupt.

ADIE: Interrupt enable flag
0: Disable interrupt
1: Enable interrupt

ADIR: Interrupt request flag
0: No interrupt request
1: Generate interrupt request
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RMCICR: Remote Control Interrupt Control Register X'03FFB’
Bit: 7 6 5 4 3 2 1 0
RMC RMC
Lv1 LVO - - - - RMCIE | RMCIR
Reset: 0 0 0 0 0 0 0 0
R/W: RIW RW R R R R R/W RIW

The remote control interrupt control register (RMCICR) isthe register that
controls interrupt levels, interrupt enables, and interrupt requests for
remote control interrupts. Use interrupt control registers with the maskable
interrupt enable flag (MIE) of the PSW at 0.

RMCLV[1:0]: Interrupt level specification flag
A 2-hit flag that setsthe interrupt level. Determines which of the CPU’s
levels 0-3 is assigned to the interrupt.

RMCIE: Interrupt enable flag
0: Disable interrupt
1. Enable interrupt

RMCDIR: Interrupt request flag
0: No interrupt request
1: Generate interrupt request
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1/0 Ports

Description
4 |/O Ports
4.1 Description
The MN101C46F contains 35 pins that form general-purpose I/O ports. Ports O,
1, 2, and 3 are 8-hit ports and port 4 isa 3-bit port. All of these pins have alternate
functions.
Table 4-1 1/0 Port Pins
Port Associated Pins
Port 0 PO7-P0O0
Port 1 P17-P10
Port 2 P27-P20
Port 3 P37-P30
Port 4 P42—P40
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I/0O Port Circuit Diagrams

4.2 1/O Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
POPUPO
"
!
~J
0: POO/IRQO
1: RMIN/IRQO
POMDO
]
~ — D
0: Port input
1: Port output
PODIRO
!
~J
0: Port low output pi
1: Port high output n
POOUTO e
e
~J
POINO @
Schmidt trigger
RMIN
IRQO

Figure 4-1 POO/RMIN/IRQO (Port 0)
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I/0O 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 output Pin

1: Port high output 0or— —‘E
POOUT1
P01/
M
U SDA1
X
1
SDA output
<7l
POIN1 <7
Q@ Schmidt trigger
SDA input
{ s
{ e |
0: Pullup off
1: Pullup on
P4PUP1
0: P41
1: SDAO
P4MD1
0: Port input
1: Port output
P4DIR1
0: Port low output Pin
1: Port high output 0 ,_‘E
* PAOUT1
M P41/
U SDAO
X
1
P4IN1 <7l
l
Q@ Schmidt trigger
Figure 4-2 PO1/SDA1 and P41/SDAO (Dual-Use I2C Pins)
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I/0O Port Circuit Diagrams

0: Pullup off
1: Pullup on
* POPUP2
0: P02
1: SDA1
POMD2
0: Port input
1: Port output
PODIR2
0: Port low output Pin
1: Port high output or—
M P02/
u SDA1
X
1
SDA output
POIN1 <1ﬂ
O@ Schmidt trigger
SDA input
. 12CSEL1 .
. 12CSELO .
0: Pullup off
1: Pullup on
P4PUP2
0: P42
1: SDAO
P4MD2
0: Port input
1: Port output
P4DIR2
0: Port low output Pin
1: Port high output |
0 ——
* P40OUT2
M P42/
U 4{ SDAO
X
1
P4IN2 @

O@ Schmidt trigger

Figure 4-3 P02/SCL1 and P42/SCLO (Dual-Use I2C Pins)
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I/0O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
POPUP3 *
[ s
!
~J
0: PO3/IRQ1
1: ADINO
POMD3
pd
N
0: Port input
1: Port output
PODIR3
e
N
0: Port low output )
. Pin
1: Port high output
POOUT3 V—»—‘E
!
~J
POIN3/IRQ1 @——GO
Schmidt trigger
ADINO W\/
Figure 4-4 PO3/ADINO/IRQ1 (Port 0)
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I/0O Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
POPUPN
s
e
AN
0: P04, P05, P06
1: ADIN1, ADIN2, ADIN3
POMDnN
e
~
0: Port input
1: Port output
PODIRN
e
N
0: Port low output pi
1: Port high output in
POOUTN V %
e
AN
POINN GO
ADIN1, ADIN2,
ADIN3 /\/\/\/
Note: n=4: P04, n=5: P05, n= 6: P06
Figure 4-5 PO4/ADIN1, PO5/ADIN2, and PO6/ADIN3 (Port 0)
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I/0O Ports
I/0 Port Circuit Diagrams

0: Pullup off

1: Pullup on
E ; POPUP7
P1PUPN

0: P07, P10, P11, P12

1: ADIN4, ADIN5, ADING, ADIN7
{ } POMD7
P1MDn

0: Port input

1: Port output
s } PODIR7
P1DIRn

0: Port low output .
p Pin

1: Port high output
POOUT7
— P10OUTN L

/N

.

JAN

/N

POIN? o— |
P1INn G

ADIN4, ADIN5,
ADING, ADIN7

Note: n=0:P10,n=1: P11, n=2: P12
Figure 4-6 PO7/ADIN4 (Port 0), P10/ADIN5, P11/ADING, and P12/ADIN7 (Port 1)
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I/0O Ports
I/0O Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘ O
P1PUP3
[
b
N
0: P13
1: SYSCLK
P1MD3
0: Port input
1: Port output
P1DIR3 *

%7

P1OUT3 | or
Pin
Dot clock, '\S X
SYSCLK, or %7 v L
P13/SYSCLK

0: Port low output
1: Port high output

multiple of SYSCLK 1

P1IN3

Figure 4-7 P13/SYSCLK (Port 1)

0: Pullup off
1: Pullup on

—<&—>— P1PUP4

<

0: P14
1: PWMO
> P1MD4 »

e

N
0: Port input
1: Port output 0
e S P1DIR4 r—

M
e u
N {> X Pin

PWMO output

0: Port low output
1: Port high output

P10OUT4

Zl-
i

P1IN4

Figure 4-8 P14/PWMO (Port 1)
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I/0O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on
P1PUPN
5
pd
N
0: P15, P16
1: PWM1, PWM2
P1MDn
e
N
0: Port input
1: Port output 0
P1DIRNn
M
pd U
PWM1, PWM2 N . X
>0
0: Port low output
1: Port high output 0
P1OUTN —— Pin
! X
e u L
AN X
1
Low output
P1INn

Note: n=5: P15, n=6: P16
Figure 4-9 P15/PWM1 and P16/PWM2 (Port 1)
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I/0O Ports
I/0O Port Circuit Diagrams

0: Pullup off
1: Pullup on
P1PUP7
P2PUPO ‘
0
]
AN
0: P17/IRQ2, P20/IRQ3
1: PWM3, PWM4 P1MD7
P2MDO
e
N
0: Port input
1: Port output
P P1DIR7 0
P2DIRO
M
e u
X
PWM3, PWM4 N D 1
O

0: Port low output
1: Port high output

P1OUT7 0
P20UTO Pin
M
e v D
N X
1
Low output
P1IN7, P2INO @
IRQ2, IRQ3 o
Schmidt trigger

Figure 4-10 P17/PWM3/IRQ2 (Port 1) and P20/PWM4/IRQ3 (Port 2)
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I/0O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on
P2PUPL —
e
N
0: P21/IRQ4
1: PWM5
P2MD1 »
yd
~
0: Port input
1: Port output 0
P2DIR1
M
d u
~ 1 X Pin
PWMS5 output DO 4&
0: Port low output
1: Port high output L g O—{ l—
P20UT1
e
N
P2IN1 @
IRQ4 s
Schmidt trigger

Figure 4-11 P21/PWM5/IRQ4 (Port 2)
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I/0O Ports
I/0O Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
P2PUPN
s
e
AN
0: P22, P23
1: CLL, CLH P2MDn
e
< — P
0: Port input
1: Port output
P2DIRNn
e
AN
0: Port low output .
1: Port high output Pin
P20UTn V X
e
~
P2INn G
CLL, CLH W\/
Note: n=2:P22,n=3: P23
Figure 4-12 P22/CLL and P23/CLH (Port 2)
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I/0O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
H+—i P2PUPN ‘
Q
e
N
0: P24, P27
1: VREFHL, VREFHO
—‘ P2MDn
e
N T 1D
0: Port input
1: Port output
*%%r—‘ P2DIRN
e
~
0: Port low output Pin
1: Port high output
%% P20UTn > X
e
N
P2INn G
VREFH1, VREFHO /\/\/\/
Note: n=4:P24,n=7: P27
Figure 4-13 P24/VREFH1 and P27/VREFHO (Port 2)
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I/0O Ports
I/0O Port Circuit Diagrams

0: Pullup off
1: Pullup on

—<—>— P2PUPn ‘

0: P25, P26

1: CVBS1, CVBSO —&—>—— P2MDn

0: Port input
1: Port output

R e S P2DIRn

0: Port low output

1: Port high output Pin

> ]

6 G

P2INn

CVBS1, CVBS0

Note: n=5: P25, n=6: P26
Figure 4-14 P25/CVBS1 and P26/CVBSO0 (Port 2)
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I/0O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
—<&—>— P3PUPO
[ | "
e
~J
0: P30
1: NHSYNC
%—‘—‘ P3MDO
!
~ I
0: Port input
1: Port output
%—‘—‘ P3DIRO
!
N
0: Port low output pin
1: Port high output
" rouro | > 4
Pl P30/NHSYNC
~J
P3INO @
NHSYNC . .
Schmidt trigger

Figure 4-15 P30/NHSYNC (Port 3)
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I/0O Ports
I/0O Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
> P3PUP1
= ] o
b
~
0: P31
1:YS
ﬂ
0: Port input
1: Port output p
%»—i P3DIR1
b
N
0: Port low output
1: Port high output 0
%»—‘ P30UTL
Pin
M
A u X
~J X L
YSOUT 1 P31/YS
P3IN1

Figure 4-16 P31/YS (Port 3)
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I/0O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on ‘
%—%—‘ P3PUPN
.

d
N

BH, GH, RH
(OSD output Hi Z control)

0: P32, P33, P34, P35
1: BOUT, GOUT, ROUT, YM

—&—>— P3MDn

fi

0: Port input

1: Port output I
—&—>— P3DIRN

0: Port low output
1: Port high output

P30UTn )
Pin

1
N

BOUT, GOUT, ROUT, YM
(digital output)

P3INn

AH /N
?

Note: n=2:P32,n=3:P33,n=4: P34, n=5: P35
Figure 4-17 P32/BOUT, P33/GOUT, P34/ROUT, and P35/YM (Port 3)

0: Pullup off
1: Pullup on ’—‘ ‘
P3PUP6
g o
0: Port input
1: Port output
P3DIR6
0: Port low output Pin
1: Port high output ’—‘
P30UT6 | > X
I—<]—I P36/
NRST
P3IN6

NRST @7

Schmidt trigger

Figure 4-18 P36/NRST (Port 3)
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I/0O Ports
I/0O Port Circuit Diagrams

0: Pullup off

1: Pullup on

—<—>— P3PUP7

0: P37/IRQ5
1: NVSYNC/IRQ5

R SR P3MD7

i

0: Port input

1: Port outp

R e S P3DIR7

0: Port low output
1: Port high output

ut

Pin

P30OUT7

i i

> X

P37/IRQ5/NVSYNC

P3IN7 @
IRQ5 it ui
NVSYNC Schmidt trigger

Figure 4-19 P37/NVSYNC/IRQ5 (Port 3)
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I/0O Ports
I/0 Port Circuit Diagrams

0: Pullup off
1: Pullup on
P4PUPO
e
~
0: P40
1: PWM
P4MDO
e
~
0: Port input
1: Port output 0
P4DIRO
M
e y
4 X
PWM output DC E

0: Port low output
1: Port high output

P40UTO

—

d

Low output

~

Pin

P4INO

Figure 4-20 P40/PWM (Port 4)
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I/0O Ports
1/0 Port Control Registers

(1

4.3 1/0 Port Control Registers

POPLU-P3PLU: Ports 0—3 Pullup Resistor Control Registers x’03F40’—x'03F43’

Bit: 7 6 5 4 3 2 1 0

PnPLU7 | PNnPLUG | PnPLUS | PnPLU4 | PnPLU3 | PnPLU2 | PnPLU1 | PnPLUO

Reset: 0 0 0 0 0 0 0 0
RW: RW RW RIW RIW RIW RIW RIW RIW

P4PLU: Port 4 Pullup Resistor Control Register x'03F44’
Bit: 7 6 5 4 3 2 1 0
0 0 0 0 0 PAPLU2 [ PAPLUL | PAPLUO
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R RW R/IW RW

The PnPLU registers control the port pullup resistors. The bit number cor-
responds to the associated pin number. For instance, POPLU7 appliesto the
PO7 pin. These are 8-bit accessregisters.

0: Pullup resistor off

1. Pullup resistor on

POOUT-P30UT: Ports 0—3 Output Control Registers x'03F10'—x’03F13’

Bit: 7 6 5 4 3 2 1 0

PnOUT7|PnOUT6|PnOUTS5| PnOUT4 | PnOUT3|PnOUT2| PnOUT1|PnOUTO

Reset: 0 0 0 0 0 0 0 0
RW: RW RW RIW RIW R/W RIW R/W RIW

P4OUT: Port 4 Output Control Register x'03F14’
. Bitt 7 6 5 4 3 2 1 0
Writing a1 to P3DIR6 and a0 to
P30UT6 causes a reset. 0 0 0 0 0  [P4OUT2|P4OUT1|P4OUTO
Reset: 0 0 0 0 0 0 0 0
RW: R R R R R RW R/W RIW
The PnOUT registers contain the port output data. The bit number corre-
sponds to the associated pin number. For instance, POOUT7 applies to the
PO7 pin. These are 8-hit access registers.
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I/0O Ports
I/0O Port Control Registers

POIN—P3IN: Ports 0-3 Input Registers x'03F20’—x'03F23’

Bit: 7 6 5 4 3 2 1 0
PnIN7 | PnIN6 [ PnIN5 [ PnIN4 [ PnIN3 [ PnIN2 | PnIN1 | PnINO
Reset: Pin Pin Pin Pin Pin Pin Pin Pin
R/W. R R R R R R R R

P4IN: Port 4 Input Register x'03F24’
Bit: 7 6 5 4 3 2 1 0
0 0 0 0 0 PAIN2 | PAIN1 | P4INO
Reset: 0 0 0 0 0 Pin 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 PO7 pin.
These are 8-hit access registers.

PODIR-P3DIR: Ports 0-3 I/0O Control Registers x'03F30’—x'03F33'

Bit: 7 6 5 4 3 2 1 0

PnDIR7 | PnDIRG | PnDIRS | PnDIR4 | PnDIR3 | PNDIR2 | PNDIR1 [ PNDIRO

Reset: 0 0 0 0 0 0 0 0
RW: RW RW RIW RIW R/W RIW RIW RIW

PADIR: Port 4 /0O Control Register x'03F34’
Bit: 7 6 5 4 3 2 1 0
0 0 0 0 0 PADIR2 | PADIR1 | PADIRO
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R/W R/W RW

The PnDIR registers control the 1/O direction of the ports. The bit number
corresponds to the associated pin number. For instance, PODIR7 appliesto
the PO7 pin. These are 8-hit access registers.

0: Input

1. Output

MN101C46F LS| User Manual
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I/0O Ports
1/0 Port Control Registers

POMD: Port 0 Output Mode Register

Bit: 7

6 5 4 3

2

x'03F28’

POMD7 | POMD6 | POMD5 | POMD4 | POMD3

POMD2

POMD1

POMDO

Reset: 0
R/W: R/W

0 0 0 0

RW RIW RIW R/W

0
RIW

R/W

POMD is an 8-bit access register.

POMD?7:

POMDG:

POMD5:

POMD4:

POMD3:

POMD2:

POMD1:

POMDO:

P07 function switch
0. PO7
1: ADIN4

P06 function switch
0: P06
1. ADIN3

P05 function switch
0: P05
1. ADINZ2

P04 function switch
0: PO4
1. ADIN1

P03 function switch
0: PO3/IRQ1
1. ADINO/IRQ1

P02 function switch
0: PO2
1. SCL1

P01 function switch
0: PO1

1. SDA1l

P00 output switch

0: POO/IRQO
1. RMIN/IRQO

RIW
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I/0O Ports
I/0O Port Control Registers

P1MD: Port 1 Output Mode Register

Bit: 7

Reset: 0

6 5 4 3 2 1 0
PIMD7 | PIMD6 | PIMDS | PIMD4 | PIMD3 | PIMD2 | PIMD1 | PIMDO
0 0 0 0 0 0 0
RW: RW RW RIW RIW R/W RIW R/W RIW

P1MD isan 8-bit access register.

P1MD?7:

P1MD6:

P1MD5:

P1MD4:

P1MD3:

P1MD2:

P1MD1:

P1MDO:

P17 output switch
0: P17/IRQ2
1. PWM3/IRQ2

P16 output switch
0: P16
1. PWM2

P15 output switch
0: P15
1. PWM1

P14 output switch
0. P14
1. PWMO

P13 output switch
0 P13

1: SYSCLK or clock divided from SY SCLK

P12 function switch
0. P12
1. ADIN7

P11 function switch
0: P11
1: ADING6

P10 function switch
0: P10
1. ADINS

x'03F29’
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(1

Driving P2MD5 and P2MD6 high
switches the functions of P22 and
P23to CLH and CLL.

(

Always set P2MD5 and P2MD6 to
lor 0 simultaneously. When oneis
set to 1 and the other isset to 0,
closed-caption decoders don’'t work
correctly.

P2MD: Port 2 Output Mode Register

Bit: 7

6 5 4 3

2

P2MD7

P2MD6

P2MD5 | P2MD4

P2MD3

P2MD2

P2MD1

P2MDO

Reset: 0
R/W: R/W

RW

0 0 0 0
RIW RIW

R/W

0
RIW

R/W

P2MD is an 8-bit access register.

P2MD7:

P2MD6:

P2MD5:

P2MD4:

P2MD3:

P2MD2:

P2MD1:

P2MDO:

P27 function switch
0. P27
1. VREFHO

P26 function switch
0: P26
1. CVBSO

P25 function switch
0: P25
1. CvBS1

P24 function switch
0. P24
1. VREFH1

P23 function switch
0: P23
1. CLH

P22 function switch
0. P22
1. CLL

P21 output switch
0: P2UIRQ4
1. PWM5/IRQ4

P20 output switch
0: P20/IRQ3
1. PWM4/IRQ3

RIW

X'03F2A
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P3MD: Port 3 Output Mode Register x'03F2B’

Bit: 7 6 5 4 3 2 1 0

P3MD7 | P3MD6 | PBMD5 | P3MD4 | P3MD3 | P3MD2 | P3MD1 | P3MDO

Reset: 0 0 0 0 0 0 0 0
RW: RW RW RIW RIW R/W RIW R/W RIW

P3MD is an 8-bit access register.

P3MD7: P37 function switch
0: P37/IRQ5
1. NSYNC/IRQ5

P3MD6: This bit exists, but contains no function.

P3MD5: P35 output switch
0: P35
1. YM

P3MD4: P34 output switch
0 P34
1. ROUT
P3MD3: P33 output switch
0. P33
1. GOUT

P3MD2: P32 output switch
0: P32
1. BOUT

P3MD1: P31 output switch
0. P31
1. YS

P3MDO: P30 function switch
0: P30
1: NHSYNC
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P4AMD: Port 4 Output Mode Register x'03F2C’

Bit: 7 6 5 4 3 2 1 0

— — — — — PAMD?2 | PAMD1 | PAMDO

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

PAMD is an 8-bit access register.
P4AMD2: P42 function switch

0. P42
1. SCLO
P4AMD1: P41 function switch
0. P41
1. SDAO
P4MDO: P40 output switch
0: P40
1. PWM
PCNTO: Port Control Register O X'03F4A’
Bit: 7 6 5 4 3 2 1 0
12C 12C Oosb ADC1 | ADCO RMC VBI1 VBIO

SEL1 SELO | POFF ON ON OFF OFF OFF

Reset: 0 0 0 0 0 0 0 0
RW: RW RW RIW RIW RIW RIW RIW RIW

PCNTO is an 8-bit access register.

I2CSEL1: SDA1, SCL1 enable
0: Disable
1: Enable

I2CSELO: SDAO, SCLO enable
0: Disable
1. Enable

OSDPOFF: OSD enable
0: Disable
1. Enable

ADC1ON: ADC enable for closed-caption decoder 1
0: Disable
1. Enable

ADCOON: ADC enable for closed-caption decoder 0
0: Disable
1. Enable

RMCOFF: IR remote signal receiver enable

0: Enable
1: Disable
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VBI1OFF: Closed-caption decoder 1 enable
0: Enable
1. Disable

VBIOOFF: Closed-caption decoder 0 enable
0: Enable
1. Disable

PCNT2: Port Control Register 2 x'03F4E’

Bit: 7 6 5 4 3 2 1 0

12c | PwM | osD
- - — | oFf | oFf | Rege |SCLKFL|SCLKFO

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

I2COFF: I2C function enable
0: Enable
1. Disable
PWMOFF: PWM function enable
0: Enable
1. Disable
OSDREGE: OSD registers read/write enable
0: Disable
1. Enable
SCLKF[1:0]: SYSCLK frequency select
00: SYSCLK x 4096
01: Dot clock
10: SYSCLK x 2
11: SYSCLK
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5

Prescal ar

5.1 Description

The MN101C46F has two prescalars that can be used simultaneously and shared
between different peripheral functions. They use the fogc and fg as their base
clocks for counting. Their hardware is structured as follows.

m  Prescalar O (fogc based)  7-bit prescalar
m  Prescalar 1 (fg based) 3-bit prescalar

Prescalar O outputs divided clocks of fogc/2, fogc/4, fosc/16, fosc/32, fosc/64,
and fogc/128. Prescalar 1 outputs divided clocks of /2, fg/4, and fo/8. Use pres-
calars when you are employing divided clocks based on fogc or fgin the fol-
lowing peripheral functions.

m  Timer 2 (8-bit timer counter)
m  Timer 3 (8-bit timer counter)
m  Timer 4 (8-bit timer counter)
m  D/A conversion function

See section 2.10.3, “ Special Function Registers,” on page 32 for more infor-
mation on fogc and fs.

5.1.1 Peripheral Functions that Use Prescalar Output
The table below lists the clocks that are selectable for each of the peripheral
functions that use the prescalar block.

Table 5-1 Peripheral Functions that Use Prescalar Output

Selectable Peripheral Function

Divided

Clocks Timer 2 Timer 3 Timer 4 DAC
fosc/2 — — — —
foscl/4 v v v —
fosc/16 v v N —
fosc/32 v — — —
fosc/64 v v v —

fosc/128 — v — —
fg2 v v v —
fg/4 v — —
f48 — v — v

Panasonic Semiconductor Development Company MN101C46F LSl User Manual
93

Panasonic



Prescal ar

Description
5.1.2 Prescalar Block Diagram
PSCMD
l l PSCEN _]bp0
7 bit prescalar S 3 bit prescalar S
fosc— ck PSCO fs—Qck PsC1
bp7
CK2MD
TMvzBAS 2P0 3
TM2PSCO It
TM2PSC1
2 .M
4 U Timer 2
X
bp7
CK3MD
TM3BAS %’0
TM3PSCO 3
Tmapsci [
2 =M
4 =| U Timer 3
X
bp7
CK4MD
TM4BAS | 2P0 2
TM4PSCO
TM4PSC1
2 M
4, _|u Timer 4
X
bp7 RINCH T SN
S 20D3 98 wx
808 8.9»-0-..0
Figure 5-1 Prescalar Block Diagram
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5.2

Prescalar Control Registers

5.2.1 Prescalar Control Registers
There arefour prescalar control registers.

Table 5-2 Prescalar Control Registers

Register | Address | R/W Description
PSCMD X'03F6F' R/W | Prescalar control register
CK2MD X'03F5E' R/W | Timer 2 prescalar select register
CK3MD x'03F5F R/W | Timer 3 prescalar select register
CK4mMD X'03F66' R/W | Timer 4 prescalar select register

Use the prescalar control register (PSCMD), the timer prescalar select registers
(CKnMD), and the serial transfer clocks select registers (SCnCKYS) to control
prescalar operation and select prescalar output.

PSCMD: Prescalar control register x'03F6F'
Bit: 7 6 5 4 3 2 1 0
— — — — — — — PSCEN
Reset: 0 0 0 0 0 0 0 0
RIW: R R R R R R R RIW

The prescalar control register enables or disables prescalar counting.

PSCEN: Controls prescalar 0 and 1 counts
0: Disable
1: Enable

The timer prescalar select registers select the count clocks for the 8-bit timers.

CK2MD: Timer 2 prescalar select register x'03F5E’
Bit: 7 6 5 4 3 2 1 0
™2 ™2 ™2
- - - - - PSC1 PCSO BAS
Reset: 0 0 0 0 0 X X X
RIW: R R R R R R/W R/W RIW

Table 5-3 Timer 2 prescalar select register
TM2PSC1 | TM2PSCO | TM2BAS

0 0

Clock selected

0

1

1 fosc/64
fg2
fg4

| o]l r| o] r
L | o] o]l o] ©
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Bit:

Reset:
R/W:

Bit:

Reset:
R/W:

CK3MD: Timer 3 prescalar select register x'03F5F

7 6 5 4 3 2 1 0

T™3 T™3 T™3
PSC1 PCSO BAS

0 0 0 0 0 X X X
R R R RIW R/W RIW

Table 5-4 Timer 3 Prescalar Select Register

TM3PSC1 | TM3PSCO | TM3BAS | Clock selected
0 0 0 foscl4
0 1 0 fosc/16
1 0 0 fosc/64
1 1 0 fosc/128
— 0 1 fg2
— 1 1 fo/8
CK4MD: Timer 4 prescalar select register x'03F66’
7 6 5 4 3 2 1 0
= = = | = | | reet| e | eas
0 0 0 0 0 X X X
R R R RW R/IW RW

Table 5-5 Timer 4 Prescalar Select Register

TM4PSC1 | TM4PSCO | TM4BAS | Clock selected

0 0 foscl4

fosc/32

0
1
1

fosc/64

fg2

Rl ol r| ol r
Ll r| o] o] o] o

f/4
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(

To use a prescalar divided clock,
first enablethe prescalar count, then
start the peripheral function.

5.3 Operation of the Prescalar Function

5.3.1 Prescalar Operation

Prescalars 0 and 1

Prescalars 0 and 1 are free-running counters of 7 and 3 hits, respectively, that
output clocks produced by dividing the reference clocks. Start and stop them
incrementing using the PSCEN flag of the prescalar control register (PSCMD).

Count timing (prescalars 0 and 1)
Prescalar O increments on the negative edge of fogc. Prescalar 1 increments on
the negative edge of fg,

Peripheral functions that use the divided clocks output by the prescalars
The following functions can use the divided clocks output by the prescalars. The
associated control registers for selecting clocks are al'so shown.

Table 5-6 Peripheral Functions that Can Use Prescalar Clocks

Function Control Register
Timer 2 count clock CK2MD
Timer 3 count clock CK3MD
Timer 4 count clock CK4mMD

5.3.2 Example of Prescalar Operation Setup

Selecting a count clock for timer 2
The following example shows and describes setup procedures for selecting the
fosc/16 output by prescalar O as the count clock for timer 2.

Table 5-7 Procedures for Setting up a Count Clock for Timer 2

Procedure Description

(1) Select prescalar output (0] Selectsfosclle as the prescalar output
CK2MD (x'03F5D") using TM2PSC[1:0] and TM2BAS in the
Bits 2:1—TM2PSC[1:0]=01 timer 2 prescalar select register (CK2MD).
Bit 0—TM2BAS=0

(2) Enable prescalar output (2) Enables prescalar counting by setting the
PSCMD (x'03F6F") PSCEN flag in the prescalar control register
Bit 0—PSCEN=1 (PSCMD) to 1.

Enable prescalar counting by setting the PSCEN flag in the prescalar control

register (PSCMD). The prescalar starts counting when it is enabled. Start the
timer counting after the prescalar is set up. You must also select the prescalar
output at the timer using the timer mode register.
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6 8-Bit Timers

6.1 Introduction to the 8-Bit Timers
The MN101C46F has three 8-bit timers (timers 2, 3, and 4). Timers 2 and 3 can
be cascaded and used as a 16-bit timer. You cannot cascade timer 4.

You can select divided clocks based on fog- and fg for the clock sources of the
timers by using the output of the prescalars. An IR remote signal receiver output
circuit isbuilt in.

6.1.1 8-Bit Timer Function
The table below describes the functions that can use these timers.

Table 6-1 Timer Function

Timer 2 (8 bits) | Timer 3 (8 bits) | Timer 4 (8 bits)
Interrupt sources TM2IRQ TM3IRQ TM4IRQ
Timer operation v v v
Cascade connection? v v No
Clock sources fosc fosc fosc
foscl4 foscl4 foscls
fosc/16 fosc/16 fosc/16
fg/2 fg/2 fg/2
fg4 f4/8 fg4
fx fx fx
fosc: Machine clock (oscillation for fast operation)
fx: Machine clock (oscillation for slow operation)
fs: System clock. See section 2.13, “ Setting the Clock Switch Register.”
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6.1.2 8-Bit Timer Block Diagrams

TM3MD_
gl _T™3CKo
U Tmackl

TM3EN
TM3CAS

Read/Write

Prescaler
block

fos
tm3psc

Compare register

8-hit counter
TM3BC _RsT.

=== 1

Read/Write

Compare register
TM20C TM3IRQ
Match detected TM2IRQ

8-bit counter
TM2BC RsT

TM2MD
TM2CKO |y
TM2CKL |
TMZ_EN

: 7

Figure 6-1 Block Diagram of Timers 2 and 3
Read/Write
Compare register
— TM40C
b= Match detected
Prescaler tmdpsc | M
block U j>—> 8-hit counter
X TM4BC RsT
i —
Read

TM4MD
TM4CKO [y TMAIRQ
TMacKL |
TM4EN

S

Figure 6-2 Block Diagram of Timer 4
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6.2 Operation of the 8-Bit Timers

6.2.1 Operation of the 8-Bit Timers
Timer functions are able to generate interrupts repeatedly at set intervals.

Operation of 8-bit timers 2, 3, and 4

Timer interrupts are generated at intervals that are preset using the clock source
selection and the compare register (TMnOC) setting. When the binary counter
(TMnBC) matches the compare register setting, an interrupt request is generated
at the next count clock, the binary counter is cleared, and up counting begins
again from x'00'". Select from among the following clock sources for different
timers.

Table 6-2 Clock Sources with Timers Running (Timers 2, 3, and 4)

Timer 2 Timer 3 Timer 4

Clock Source | Count Period (8 Bits) (8 Bits) (8 Bits)
fosc 125ns v v v
foscl4 500 ns v v v
fosc/16 2 v v v
fosc/32 4pus v — v
fosc/64 8us v v v
fosc/128 16 us — v —
fg2 500 ns v v v
fg4 lps v — v
f</8 2ps — v —
fx 500 ns v v v

fosc = 8 MHz, fy = 2 MHz, fg = foge/2 = 4 MHzZ.

Count timing for timer operation (timers 2, 3, and 4)
The binary counter counts up using the selected clock source as the count clock.
The operation shown below is the basic sequence for al 8-bit timers.

TMnEN
flag

ey ) BEEEER R
register : : : ! :

I S S R C
e e
counter
(A) (B) ©) (E)
Interrupt
request

flag

Figure 6-3 Count Timing for Timer Operation (Timers 2, 3, and 4)
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(@) When avaue iswritten to a compare register while the TMnEN flag
indicates a stop (0), the binary counter is cleared to x'00' during that
write cycle.

(b) The binary counters starts counting when the TMnEN flag indicates
operation (1). Negative edges of the count clock are counted.

() When the binary counter matches the compare register value, the inter-
rupt request flag is set at the next count clock, the binary counter is
cleared to x'00', and up counting begins again.

(d) Rewriting the compare register while the TMnEN flag indicates opera-
tion (1) does not change the binary counter.

(e) Thebinary counter stops running when the TMnEN flag indicates a stop
0).

— When the binary counter matches the compare register value, the interrupt request
® flag is set at the next count clock, and the binary counter is cleared, so observe the
following relationship:

— (Compare register setting)= (Clocks till interrupt request is generated - 1)

Setting a compare register value that is smaller than the binary counter value dur-
“” ing a count will cause the binary counter to count up till one end overflows.

When processing by means of interrupts, clear the timer interrupt request flag prior
to starting the timer.

"3
N

The timing pattern when atimer n interrupt request is generated with a setting of
‘0’ TMnOC=x'00' is the same as when the setting is x'01'.
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6.2.2 Example of 8-Bit Timer Operation Setup

Timer operation (timers 2, 3, and 4)

In the following example, a clock function isimplemented by using timer 0 to
generate interrupts at set intervals. fg/4 is used as the clock source (fogc = 20
MHZz), and interrupts are generated at every 250 divisions (100 ps). The pro-
cedures are described below.

Table 6-3 Procedure for Setting up an 8-Bit Timer

Procedure Description

(1) Check that counter is stopped. (1) Setthe TM2EN flag of the timer 2 mode
TM2MD (x'03F5C") register (TM2MD) to 0 to stop the count.
bit 3—TMOEN=0

(2) Select count clock source. (2) Usethe TM2CK]1:0] flag of the TM2MD
TM2MD (x'03F5C") register to select prescalar output as the
bits 1:0—TM2CK][1:0]=01 clock source.

(3) Select prescalar output and enable it. (3) Usethe TM2PSC[1:0] field and the
CK2MD (x'03F5E") TM2BASflag of the timer 2 prescalar
bits 2:1—TMOPSC[ 1:0]=01, bit 0— select register (CK2MD) to select fo/4 as
TMOBAS=1 the prescalar output. Also set the PSCEN
PSCMD (x'03F6F") flag in the prescalar control register
bit 0—PSCEN=1 (PSCMD) to 1 to enable the prescalar

count.

(4) Set period for generating interrupts. (4) Setavaluefor the interrupt generation
TM20C (x'03F5A")=x"F9' period in the timer 2 compare register

(TM20C). Since we are using 250 divi-
sions, set to 249 (x'F9'). Thetimer 2 binary
counter (TM2BC) will beinitialized to

x'00'".
(5) Settheinterrupt level. (5) Settheinterrupt level using the
TM2ICR (X'03FEB') TM2LV[1:0] field in the timer 2 interrupt
bits 7:6—TM2LV[1:0]=10 control register (TM2ICR). If the interrupt

request flag might have already been set,
clear the request flag.
See section 3.5, “ Setting the Interrupt

Flags.”
6) Enableinterrupts. (6) Enableinterrupts by setting the TM2IE flag
TM2ICR (x'03FEB') of the TM2ICR register to 1.
bit 1—TM2IE=1
(7) Start thetimer. (7) Setthe TM2EN flag of the TM2MD regis-
TM2MD (x'03F5C") ter to 1 to start timer 2.
bit 3—TM2EN=1

TM2BC starts counting from x'00". When TM2BC matches the value set in the
TM20C register, the timer 0 interrupt request flag is set at the next count clock
and TM2BC starts counting up again from x'00'.

You can switch between binary counters in the count up by changing the TMnEN

m flag of the TMnMD register at the same time as another bit.
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6.3 Operation of the 8-Bit Timer Cascade Connection
The cascade connection links timers 2 and 3 so they can be used together as a
single 16-bit timer. The cascaded timer runs on the clock source of timer 2, which
corresponds to the eight low-order bits.

Table 6-4 Functions of Cascaded Timers
Timer 2 + Timer 3 (16 bits)

Interrupt source TM3IRQ

Timer operation v

Clock sources fosc/4
fosc/16
fosc/32
fosc/64
fosc/128

fg/2
fo/4
f</8

fx

fosc: Machine clock (oscillation for fast operation)
fx: Machine clock (oscillation for slow operation)
fs: System clock. See section 2.13, “ Setting the Clock Switch Register.”

When timers are cascaded, both the binary counter and the compare register
function as 16-bit registers. Set the TMnEN flags of the mode registersto 1 for
both the high order 8-bit timer and the low order 8-bit timer. Use the low order 8-
bit timer to select the clock source. All other settings and count timing are the
same as When the 8-bit timers are used independently.

When timers 2 and 3 are cascaded, use the interrupt request flag of timer 3. Tiethe
timer pulse output of timer 2 low. Disabletimer 2 interrupts even though no timer 2

interrupt requests will occur.
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6.3.1 Example of Cascade Connection Setup

Cascading timers 2 and 3

In the following setup example, a clock function is implemented by cascading
timers 2 and 3 as a 16-bit timer and generating interrupts at set intervals. The
selected clock sourceisfo/4 (fogc = 20 MHZz). It generates an interrupt every
2500 divisions (1 ms). The setup procedures are described bel ow.

Table 6-5 Procedures for Setting up a Cascade Connection

Procedure Description

(1) Check that counters are stopped. (1) Setthe TM2EN flag of the timer 2 mode

TM2MD (x'03F5C))

register (TM2MD) and the TM3EN flag of

bit 3—TM2EN=0 the timer 3 mode register (TM3MD) to 0 to
TM3MD (x'03F5D") stop the count in both timers.
bit 3—TM3EN=0

(2) Setup the cascade connection. (2) Setthe TM3CASflaginthe TM3MD regis-

TM3MD (x'03F5D') ter to 1 to cascade timers 2 and 3.

bit 4—TM3CAS=1

(3) Select count clock source. (3) Usethe TM2CK]1:0] flag of the TM2MD
TM2MD (x'03F5C") register to select prescalar output as the
bits 1:0—TM2CK][1:0]=01 clock source.

(4) Select prescalar output and enable it. (4) Usethe TM2PSC[1:0] field and the

CK2MD (x'03F5E)
bits 2:1—TM2PSC[1:0]=01

TM2BASflag of the timer 2 prescalar
select register (CK2MD) to select fo/4 as

bit 0—TM2BAS=1 the prescalar output. Also set the PSCEN
PSCMD (x'03F6F") flag in the prescalar control register
bit 0—PSCEN=1 (PSCMD) to 1 to enable the prescalar

count.

(5) Set the period for generating the interrupts. | (5) Set avalue for the interrupt generation
TMnOC (x'03F5B', X'03F5A")=x'09C3' period in the timer 1 compare register and
timer O compare register (TM30C +
TM20C). Since we are using 2500 divi-
sions, set to x'09C3' (2500 - 1). Thetimer 3
binary counter and timer 2 binary counter
(TM3BC + TM2BC) will beinitialized to

x'0000'.

(6) Set the low-order timer interrupt level. (6) Setthe TM2IE flag in thetimer 2 interrupt
TM2ICR (x'03FEB') control register (TM2ICR) to O to disable
bit 1—TMOIE=0 interrupts.

(7) Set the high-order timer interrupt level. (7) Settheinterrupt level using the

TM3ICR (X03FEC)
bits 7:6—TM2LV[1:0]=10

TMB3LV[1:0] field in the timer 3 interrupt
control register (TM3ICR). If the interrupt
request flag might have aready been set,
clear the request flag. See section 3.5, “ Set-
ting the Interrupt Flags.”

(8) Enable high-order timer interrupts. (8) Enableinterrupts by setting the TM3IE flag
TM3ICR (X'03FEC) of the TM3ICR register to 1.
bit I—TM3IE=1

(9) Start the high-order timer. (9) Setthe TM3EN flag of the TM3MD regis-

TM3MD (x'03F5D')
bit 3—TM3EN=1

ter to 1 to start timer 3.
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Table 6-5 Procedures for Setting up a Cascade Connection (Continued)

Procedure

Description

(10) Start the low-order timer.
TM2MD (x'03F5C")
bit 3—TM2EN=1

(10) Set the TM2EN flag of the TM2MD regis-
ter to 1 to start timer 2.

TM3BC and TM2BC start counting from x'0000' as a 16-bit timer. When
TM3BC and TM2BC match the value set in the TM30C and TM20C registers,
the timer 1 interrupt request flag is set at the next count clock and TM3BC and
TM2BC start counting up again from x'0000'.

Use 16-hit access instructions when working with the settings for the combined

“” register (TM30C and TM20C).

Start the high-order timer before the low-order timer.
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6.4 8-Bit Timer Control Registers

Timers 0 through 4 are each composed of a binary counter (TMnBC) and a
compare register (TMnOC). They are controlled by mode registers (TMnMD). If
you are selecting the count clock sources for timers 0 through 4 by selecting a
prescalar output, you must use the prescalar control register (PSCMD) and a
prescalar select register (CKnMD) for control. Control the IR remote signal
receiver with the IR remote signal receiver carrier output control register
(RMCTR).

6.4.1 Control Registers
Table 6-6 lists the registers that control timers 2 through 4.

Table 6-6 8-Bit Timer Control Registers

Register Address | R/IW Description
Timer 2 TM2BC X’ 03F50° R Timer 2 binary counter
TM20C X' 03F52' R/W | Timer 2 compare register
TM2MD X' 03F54’ R/W | Timer 2 mode register
CK2MD X' 03F56’ R/W | Timer 2 prescalar select register
PSCMD X' 03F6F R/W | Prescaar control register
TM2ICR X' 03FEY’ R/W | Timer 2 interrupt control register
Timer 3 TM3BC X' 03F51 R Timer 3 binary counter
TM30C X' 03F53' R/W | Timer 3 compare register
TM3MD X’ 03F55’ R/W | Timer 3 mode register
CK3MD X' 03F57’ R/W | Timer 3 prescalar select register
PSCMD X' 03F6F R/W | Prescaar control register
TM3ICR X' O3FEA’ R/W | Timer 3 interrupt control register
Timer 4 TM4BC X' 03F58' R Timer 4 binary counter
TM40C x' O3F5A R/W | Timer 4 compare register
TM4MD X' 03F5C R/W | Timer 4 mode register
CK4MD X' O3F5E’ R/W | Timer 4 prescalar select register
PSCMD X' 03F6F R/W | Prescalar control register
TM4ICR X' 03FEB’ R/W | Timer 4 interrupt control register
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6.4.2 Programmable Timer Registers

Timers O through 4 al have 8-bit programmable timer registers. The pro-
grammabl e timer registers are composed of compare registers and binary
counters. The compare registers are 8-bit registers that hold values to be
compared to the binary counter. The binary counters are 8-bit up-counters.
Binary counters are cleared to 00 when compare registers are written to during

counting.
TM20OC: Timer 2 Compare Register x'03F5A’
Bit: 7 6 5 4 3 2 1 0

T™2 ™2 ™2 T™2 T™2 T™2 ™2 ™2
OoC7 0OC6 0OC5 oc4 0ocC3 oc2 OoC1 0OCo

Reset: X X X X X X X X
RW: RW RW RIW RIW R/W RIW R/W RIW

TM3OC: Timer 3 Compare Register x'03F5B’

Bit: 7 6 5 4 3 2 1 0

T™3 T™3 T™3 T™3 T™3 T™3 T™3 T™3
oc7 0OC6 0OCs5 0OC4 0oC3 0oc2 OC1 0OCo

Reset: X X X X X X X X
RW: RW RW RIW RIW R/W RIW RIW RIW

TM40C: Timer 4 Compare Register x'03F62’

Bit: 7 6 5 4 3 2 1 0

T™M4 T™M4 ™4 T™M4 T™4 T™M4 ™4 ™4
OoC7 0OC6 0OC5 oc4 0ocC3 0oc2 OC1 0OCo

Reset: X X X X X X X X
RW: RW RW RIW RIW R/W RIW R/W RIW

TM2BC: Timer 2 Binary Counter x'03F58’

Bit: 7 6 5 4 3 2 1 0

™2 ™2 ™2 ™2 ™2 ™2 T™2 T™2
BC7 BC6 BC5 BC4 BC3 BC2 BC1 BCO

Reset: X X X X X X X X
RW: RW RW RIW RIW RIW RIW RIW RIW

TM3BC: Timer 3 Binary Counter x'03F59’

Bit: 7 6 5 4 3 2 1 0

T™3 T™3 ™3 T™3 T™3 T™M3 ™3 ™3
BC7 BC6 BC5 BC4 BC3 BC2 BC1 BCO

Reset: X X X X X X X X
RW: RW RW RIW RIW R/W RIW R/W RIW

TM4BC: Timer 4 Binary Counter x'03F60’

Bit: 7 6 5 4 3 2 1 0

™4 T™M4 T™M4 T™M4 ™4 T™4 T™4 T™M4
BC7 BC6 BC5 BC4 BC3 BC2 BC1 BCO

Reset: X X X X X X X X
RW: RW RW RIW RW RIW RW RIW RW
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6.4.3 Timer Mode Registers
The timer mode registers are read/write registers that control timers 2 through 4.

TM2MD: Timer 2 Mode Register x'03F5C’
Bit: 7 6 5 4 3 2 1 0
T™2 ™2
- — | | T |™2EN| — | k1| cko
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R RIW R RIW RIW

TM2EN: Timer 2 count control
0: Stop count
1: Count

TM2CK]J1:0]: Clock source select
00: fOSC 10: fX
01: tm2spc (prescalar output)  11: Disabled

TM3MD: Timer 3 Mode Register x'03F5D’
Bit. 7 6 5 4 3 2 1 0
T™3 ™3 | T™M3
- - - cas |TMSEN|  — CK1 CKO
Reset: 0 0 0 0 0 0 0 0
RIW: R R R RW  RW R RW  RW

TM3CAS: Timer 3 operating mode select
0: Normal counting
1: Cascade connection

TM3EN: Timer 3 count control

0: Stop count
1: Count
TM3CK]J1:0]: Clock source select
00: fosc 10: fy
01: tm3spc (prescalar output)  11: Disabled
TM4MD: Timer 4 Mode Register x'03F64’
Bit: 7 6 5 4 3 2 1 0
R I R
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R/W R R/W RIW

TMA4EN: Timer 4 count control
0: Stop count
1: Count

TM4CK]J1:0]: Clock source select
00: fosc 10: fy
01: tmdspc (prescalar output)  11: Disabled
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7 On-Screen Display

7.1 Description

Table 7-1 shows the OSD functions of the MN101C46F. OSD allows you to
display on-screen text characters and graphic tiles of the same size (16 dots x 18
lines) on the sameline in any order. You can also modify the ROM space that
contains the text characters and the graphic tiles using register settings. This
alows you to adjust the memory space to fit your application.

Table 7-1 OSD Functions and Features

Function/Feature

Text Characters

Graphics Tiles

Characters or tiles per line™
(on asingle screen)

Maximum total number of text characters and graphic tiles on the line holding the most characters on the

screen: 61 codes.

60 characters per line maximum®®

61 tiles per line

line-by-line basis, total 16 types®

RAM usage 128 bytes per line maximum 128 bytes per line maximum
Line-by-line basis (2048 bytes, 16 lines vertically) Line-by-line basis (2048 bytes, 16 lines vertically)
Maximum 64 lines Maximum 64 lines
ROM usage 36 bytes per character (9 KB, 256 character types) 8 colors®®: 108 bytes per tile (7 KB, 64 tile types)
Resolution 16 (wide) X 18 (high) pixels 16 (wide) X 18 (high) pixels
In closed-caption mode:
16 X 26 (underlining isin the hardware)
Color depth® 8 of 27 colors (four 8-color palettes) 8 of 27 colors (four 8-color palettes)
In closed-caption mode: (Upto 27 colorsin one display)
16 of 27 colors (two 16-color palettes)
Display position H: 1 dot resolution, 1024 stepst” H: 1 dot resolution, 1024 steps
V: 1 H scan line resolution, 1024 steps V: 1 H scan lineresolution, 1024 steps
Display size Four vertical types and four horizontal typeson a Four vertical types and four horizontal types on a

line-by-line basis, total 16 types

Display functions

* Shutter effect

* Outlining

« Blinking

« Shadowing (foreground and background)
In closed-caption mode:

* [talics

» Underlining

* Repeated tile or blank ©

Notes: 1.

Maximum 61 characters per line with the default colors. Each color assignment, including outlining and blinking,

decreases this total by one. (The maximum is about 44 charactersin NTSC interlacing when HSYNC = 63.5 ps.)

2. 8-color mode: 108 bytes per tile (7 KB, 64 tile types)
4-color mode: 72 bytes per tile (4.5 KB, 64 tile types)
Multiple modes cannot be used simultaneously; the color mode applies to the entire display.

3. R, G and B can each be set in three levels giving atotal of 27 available display colors (3 x 3 X 3). Selects any
eight of these color combinations for one color palette. Intermediate gradesfor R, G, and B will cause Hi-Z output.
Implement intermediate voltages using external resistors.

4. The OSD dot clock frequency controls the horizontal position and size. For details, see section 7.7.4, “ Setting Up
the OSD Display Position,” on page 134, and section 7.9, “ Selecting the OSD Dot Clock,” on page 136.

5. Thisfunction can be used for awallpapering effect or to insert spaces for continuous blanking. One tile code can
be repeated up to 16 times. Repeating tiles allows you to use more than 62 tiles per line.
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7.2 Power-Saving Considerations in the OSD Block
Table 7-2 shows the two control bitsthat 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' 03F4A’ 7 | 0: System clock off to OSD 0

1: System clock on to OSD
OSDREGE PCNT2 X' O3F4E’ 2 | 0: R/W disabled for OSD registers 0

1: R/W enabled for OSD registers

m  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.

m  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. (See section 7.12, “OSD Registers,” on page 146.) Once you have set the
OSD registers, you can write a0 to this bit to disable furthers reads and writes to
them, reducing power dissipation. This bit resetsto 0.

Note that when OSDPOFF is 0, you cannot set the OSD registers even if
OSDREGE is 1. Table 7-3 shows the combinations of OSDPOFF and
OSDREGE settings. Note a so that when OSDREGE is 0, the OSD display runs,
but the shutter cannot be moved. If your application requires shutter movement,

Panasonic

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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(1

See section 7.9, “ Selecting the OSD
Dot Clock,” on page 136 for more
information on setting the operating
clock frequency.

(1

Do not include graphictilesinitalic
display linesin the closed-caption
load. Graphic tiles will be shifted
by apixel.

7.3 OSD Operation

This section describes the basic operation of the OSD block. Also see the
descriptions of register assignments and VRAM assignments for details. Figure
7-1 shows a block diagram of the OSD circuit.

7.3.1 Operating Clock
The source clocks for OSD operation are the external oscillator pins OSC1 and
OSC2. (The frequency rangeis 12 to 14.32 MHz.)

7.3.2 External Input Synchronization Signal

Input a horizontal synchronization signal HSY NC and a vertical synchronization
signal VSY NC. Use software to select whether there are any pull-up resistors and
to select polarity. For VSYNC, assign an IRQ so the microcontroller can detect
the start of the field. Note that REDG5 selects the interrupt edge and VPOL
selects the OSD input.

7.3.3 Display Control System
The OSD is able to display text fonts and graphic tilesin the sameline.

7.3.3.1 Text Fonts

These are used to display text. Each individual character has atext color and a
background color for its display. Colors for outlines and shading are set sepa-
rately. Thereisaspecia closed-caption mode for displaying closed-captions. You
cannot use normal character display while you are using closed-caption mode.
Also, in using closed-caption mode, characters can be lined up with graphic tiles,
but graphic tiles on characters displayed as italics will be shifted by a pixel.

7.3.3.2 Graphic Layer

The graphic layer is used primarily for graphics. Eight colors can be displayed in
pixel unitsfor onetile (8-color mode). There are four sets of color palettes, so a
singletile can be displayed with 4 different colors on one screen by switching the
color palette for individual tiles. Thereis also a 4-color mode. The color mode
must be switched per screen, so all tiles displayed on a single screen must be the
same mode. (8-color mode tiles and 4-color mode tiles cannot be displayed on
the same screen.) The resolution of graphic tilesis 16 dots x 18 dots.

7.3.4 Output Pin Setup
Select OSD or port for the output pins. RGB, YS, and YM aredigital outputs. Set
the Y S polarity.

7.3.5 Microcontroller Interface

The microcontroller writes display data to be sent to the OSD in the control
register and the VRAM, which is assigned to internal RAM space. Assign the
VRAM by setting its end addressin the control register RAMEND.

MN101C46F LS| User Manual
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(

After areset clears, the system
clock supply to the OSD stops. To
operate the OSD, you must first set
OSDPOFF (bit 7 of PCNTO
(x'03F4A")) to 1.

(

You do not need to meet condition 3
in the closed-caption mode, since
COL carries over.

7.3.6 Basic VRAM Operation

Display data stored in the VRAM transfers automatically (through a DMA
transfer) from the internal RAM to the OSD as the display approaches the
position specified by the microcontroller. Since the OSD will have the internal
bus during this transfer, the microcontroller stops See section 7.8, “DMA and
Interrupt Timing,” on page 135, for more information.

The two MSBsidentify the transferred data with the following ID codes:

o gk wbdpE

Display code CcC
Color control code (normal mode) COL
Color control code (closed-caption mode) CcOL
Repeat character/blank code CB
Horizontal position code HP
Vertical position code VP

7.3.7 Conditions for VRAM Writes

1

The lead datafor each line must be the color control code (COL) or the char-
acter code (CC). Never place the horizontal position (HP), vertical position
(VP), RAM address pointer (AP), or repeat (CB) codes at the beginning of a
line. (If the lead datais CC, the character will be palette color 1, and the
background will be color 2.)

Always place datain the following order at the end of aline.

APCNT = 0: Horizontal position (HP), vertical position (VP)
APCNT = 1: Horizonta position (HP), vertical position (VP), address
pointer (AP)

Insert the color control code (COL) before the character code (CC).

A character code (CC) must immediately precede arepeat character/blank
code (CB), and acolor control code (COL) or character code (CC) must fol-
low it.

Toindicate the last line of adisplay, make the VP value for the last line
smaller than that in the currently displayed line. In addition, write a 1 to the
VP'slast-lineflag (LAST).

Lines cannot overlap.

If the horizontal sync signal is asserted while the microcontroller is access-
ing HP and VP, no more lines will be displayed.
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7.4

Display Setup Examples

7.4.1 Setting Up the Display without AP
This section shows how to set up the display datain the VRAM without AP.

B Register settings

RAMEND (x' 003EB4’) = X BF
IHPH (x' 003ECB’) = X' 08’

IHP (X' 003ECA’) = X' 22°

IVPH (X' 003ECD’) = x' 18’

IVP (X 003ECC’) = X'03'
OSD2 (x'003EB8') = x' 00’

(VRAM end address: x'OBFF')
(IHP=x'22' IHSZ =x'1")
(IHP=x'22' IHSZ =x'1")
(IVP=x03,1VSZ=x'3)
(IVP=x03,1VSZ=x'3)

(APCNT = 0, 8-color graphics mode, no

graphics output)
Table 7-4 Example Graphics VRAM Settings
Line No. |RAM Addr. | RAM Data | Data Type Description
1 OBFE 2802 cc CG=1, PLT=1, CH=x"002
OBFC 1801 CcC CG=0, PLT=3, CH=x'001"
OBFA C004 HP HSZ=x'0', SHT=0, HP=x'04'
OBF8 C040 VP LAST=0, VSZ=x'0", INT=0, VP=x40'
2 OBAE 0810 CcC CG=0, PLT=1, CH=x'010
OBAC 2813 cc CG=1, PLT=1, CH=x'013
OBAA 4003 CB BF=1, CB=x'3
OBA8 1014 cc CG=0, PLT=2, CH=x"014’
OBA6 4002 CB BF=1, CB=x'2'
O0BA4 3016 cc CG=1, PLT=2, CH=x"016’
0BA2 D810 HP HSZ=x'3'", SHT=0, HP=x' 10’
O0BAO C858 VP LAST=0, VSZ=x'1", INT=0, VP=x'58'
3 OB5E 2981 cc CG=1, PLT=1, CH=x"181’
0B5C 3182 cc CG=1, PLT=2, CH=x"182
OB5A C044 HP HSZ=x'0', SHT=0, HP=x"44'
0B58 E020 VP LAST=1, VSZ=x'0", INT=0, VP=x'20'
Notes: 1. Always specify HP and VP, in that order, at the end of each line.

Set INT to 1 in the VP setting to generate an OSD interrupt.

Set LAST to 1inthe VP setting for the last linein the display. Also, set the VP value to a smaller value than the
position of the current line. (In the examplein table 7-4, VP = x’ 20" is smaller than VP = x’58’.)
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4 T A )
; L VP=x3
' ' ’ HSZ=
HP=x22 L L S2=1 29
ittt ettt R Fommmme- >
! ! 1stline
; i VSZ=3 Graphic Graphic
' L (6X) CH=x'002' CH=x'001"'
' ' palette 1 palette 3
VP=x'40" | E
2nd line : :
HSZ=0 (1X) \i ;
Graphic
Space Space | 016
palette 2
p—
VP=x'58'"1
3rd line v HSZ=3 (4X)
- - - '_—I_P:_)_(l_o ________ > Graphic Graphic
CH=x'181" CH=x'182"
VSz=1 palette 1 palette 2
(2X)
End display
- J

Figure 7-2 Display Example without AP
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7.4.2 Setting Up the Display with AP
This section shows how to set up the display datain the VRAM with AP,

B Register settings

RAMEND (x'003EB4’) = x'BF

IAPH (x'003ECF’) = X’ 0B’
IAP (X 003ECE’) = X' FF'
IHPH (X 003ECB’) = X' 08’
IHP (X 003ECA’) = X’ 22
IVPH (x'003ECD’) = X' 18’
IVP (x 003ECC’) = X' 03’
0SD2 (X' 003EBS') = x’ 00"

(VRAM end address: x' OBFF')
(IAP = x'BFF)

(IAP = x'BFF)
(IHP=x'22",IHSZ=x"1")
(IHP=x'22", IHSZ =x'1")
(IVP=x'03",1VSZ=x'3")
(IVP=x03,IVSZ=x'3)

(APCNT = 1, 8-color graphics mode, no

graphics output)
Table 7-5 Example Text VRAM Settings
Line No. |RAM Addr. | RAM Data | Data Type Description

1 OBFE 2802 cc CG=1, PLT=1, CH=x'002
OBFC 1801 cC CG=0, PLT=3, CH=x"001'
OBFA C004 HP HSZ=x'0", SHT=0, HP=x’ 04’
OBF8 C040 VP LAST=0, VSZ=x'0", INT=0, VP=x 40’
OBF6 CBF4 AP AP=x'BF#4

2 OBF4 0810 cC CG=0, PLT=1, CH=x'010"
0BF2 2813 cc CG=1, PLT=1, CH=x'013
0BFO 4003 CB BF=1,CB=x'3
OBEE 1014 ccC CG=0, PLT=2, CH=x'014'
OBEC 4002 CB BF=0, CB=x'2
OBEA 3016 cC CG=1, PLT=2, CH=x'016'
OBES D810 HP HSZ=x'3", SHT=0, HP=x 10’
OBE6 C858 VP LAST=0, VSZ=x'1", INT=0, VP=x'58'
OBE4 CBE2 AP AP=x'BE2

3 0BE2 2981 ccC CG=1, PLT=1, CH=x'181'
OBEO 3182 cC CG=1, PLT=2, CH=x'182
OBDE C044 HP HSZ=x'0’, SHT=0, HP=x'44'
0BDC E020 VP LAST=1,VSZ=x'0", INT=0, VP=x' 20’
0BDA CBFE AP AP=X'BFE’

Notes: 1. Always specify HP, VP, and AP, in that order, at the end of each line.

Set INT to 1 in the VP setting to generate an OSD interrupt.

Set LAST to 1inthe VP setting for the last linein the display. Also, set the VP value to a smaller value than the
position of the current line. (In the examplein table 7-4, VP = x'20’ is smaller than VP =x'58'.)
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4 T A )
; L VP=x3
' ' ’ HSZ=
HP=x22 L L S2=1 29
ittt ettt R Fommmme- >
! ! 1stline
; i VSZ=3 Graphic Graphic
' L (6X) CH=x'002' CH=x'001"'
' ' palette 1 palette 3
VP=x'40" | E
2nd line : :
HSZ=0 (1X) \i ;
Graphic
Space Space | 016
palette 2
p—
VP=x'58'"1
3rd line v HSZ=3 (4X)
- - - '_—I_P:_)_(l_o ________ > Graphic Graphic
CH=x'181" CH=x'182"
VSz=1 palette 1 palette 2
(2X)
End of display
- J

Figure 7-3 Display Example with AP
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VRAM

Table 7-6 VRAM Bit Assignment

7.5 VRAM

7.5.1 VRAM Bit Assignmentsin Internal RAM

Bits (2 linked odd/ 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

b (odd. | (odd. | (odd. | (odd. | (odd. | (odd. | (odd. | (odd. | (even. | (even. | (even. | (even. | (even. | (even. | (even. | (even.
even bytes) bp7) | bp6) | bps) | bp4) | bp3) | bp2) | bpl) | bp0) | bp7) | bp6) | bp5) | bpd) | bp3) | bp2) | bpl) | bpo)
cC 0 0 |CGSEL| PLT1 | PLTO & o CH8 | CH7 | CH6 | CH5 | CH4 | CH3 | CH2 | CH1 | CHO
Text code 1D code scojl/cht Palette select Text character/graphic tile address (512 of each)
COL (normal mode) 1] o * |BsHADIIBSHADO[CSHAD|FRAME| BLINK | * [BCOL2[BCOL1[BCOLO[ * [CCOL2[CCOL1]CCOLO
Character color control code ID code Box shadow sl?a'zzw Outline [ Blink Background color select Text color select
COL (closed-caption mode) 1 | 0 & *  |CUNDL|[ITALIC|FRAME| BLINK | BCOL3 BCOL2|BCOL1|BCOL0 CCoL3 CCOL2|CCOL1|CCOLO
Character color control code 1D code Undering| Italics | Outline [ Blink Background color (select) Character color (select)
CB 0 | 1 * | * * * * * E | E | E BF CB3 | CB2 | CB1 | CBO
Repeat character/blank code 1D code Blank/ | Number of blank/char. repetitions

char. (4 bits)

HP 1 | 1 & HSz1 | HSZ0 [ SHT | HP9 | HP8 | HP7 | HP6 | HP5 | HP4 | HP3 | HP2 | HPL | HPO
H position control 1D code H text size Shutter H display start position (1 dot resolution, 1024 steps, start position set in register IHP)
VP 1 | 1 LAST | vsz1 | vszo | INT | vP9 | VP8 | VP7 | VPG | VPS5 | VP4 | VP3 | VP2 | VP1L | VPO
V position control 1D code Lastline| Vtextsize |Interrupt| V display start position (1H scan line resolution, 1024 steps, start position set in register IVP)
AP 1 | 1 z = APLL | AP10 | AP9 | AP8 | APT | AP6 | APS | AP4 | AP3 | AP2 | APL | APO
RAM address pointer 1D code VRAM start code address position for next line

(X' 00100 - X' 00BFF : Specify internd RAM address. Set initid addressinthe |AP register.)

Don’t-care bits

7.5.2 VRAM Operation

CC: Character Code

CGSEL

Selects text or graphic

0: Text

1: Graphic

PLT[1:0]

Select the palette (PLTOx-PLT3x).

CCHI8:0]

ID Code: 00

Specify the address of the text characters or graphic tile stored in ROM
(512 types each).

COL: Color Control Code, Normal Mode

BSHAD[1:0]

ID Code: 10

Specify 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
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FRAME
Specifies character outlining (black).
0: Disable
1. Enable

BLINK
Specifies character blinking.
0: Disable
1. Enable

BCOL[2:0]
Specify the background color (1 of 8 colors).

CCOL[2:0]
Specify the foreground (text) color (1 of 8 colors).

COL: Color Control Code, Closed-Caption Mode ID Code: 10

CUNDL
Specifies underlining.
0: Disable
1. Enable

ITALIC
Specifiesitalicization.
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[4:0]
Specifies the foreground (text) color (1 of 16 colors).

CB: Repeat Blank/Character Code ID Code: 01

BF
Repeat blank/repeat character select.
0: Repeat blank
1. Repeat character

CBI[3:0]
Thisfield specifies the number of times (up to 16) a blank space or charac-
ter isrepeated. 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 61
characters per line.
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HP: Horizontal Position Control Code ID Code: 11
HSZ[1:0]
Thisfield specifiesthe H size of the display code on the next line.
00: 1dot =1 VCLK period
01: 1 dot =2 VCLK periods
10: 1 dot = 3 VCLK periods
11: 1 dot =4 VCLK periods

SHT
Specifies shutter operation for the next line. Setting this bit to 1 disables
the shuttering function. You can disable and enabl e shuttering on aline-by-
line basis.
0: Enable
1. Disable
HP[9:0]
Thisfield specifiesaVCLK indicating the horizontal start position for the
next line. 1024 steps are available.

VP: Vertical Position Control Code ID Code: 11

LAST
Specifiesthe last line in the display. This resets the line pointer for charac-
ter reads from theinternal RAM to thefirst line.
0: Disable
1. Enable

VSZ[1:0]
Thisfield specifiesthe V size of the display code on the next line.
00:1dot=1H scanline
01: 1dot =2 H scan lines
10: 1 dot =4 H scan lines
11: 1 dot =6 H scan lines

INT
Specifiesan OSD interrupt.
0: Disable
1. Enable
VP[9:0]
Specifies an H scan line indicating the vertical start position for the next
line. 1024 steps are available.

AP: RAM Address Pointer ID Code: 11
AP[11:0]
Specifiesthe VRAM start code address position of the next line. (Specifies

an on-chip RAM address within the 3KB x'0100’-x'OBFF’.) The starting
line is specified in the IAP register. (Thisisvalid only when APCNT = 1.)
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Program
Data
and

Stack
Area

RAMEND-50xN+1

VRAM

RAMEND

RAMEND-50xN+1

RAMEND

Notes:

Program
Data
and

Stack
Area

7.5.3 VRAM Organization

VRAM

RAMEND-50xN+1]

Line N data
RAMEND-50x(N-1)
RAMEND-50xn+1 et RAMEND-4F
) ' RAMEND-4E
Line n data | RAMEND-4D
h
RAMEND-50x(n-1) ! RAMEND-4C
' RAMEND-4B
' RAMEND-4A
h
1
RAMEND-9F| ,
. h
Line 2 data !
h
RAMEND-50) S
RAMEND-4F T RAMEND-3
Line 1 data RAMEND-2
80 bytes RAMEND-1
ramveno| |y RAMEND
o-
h .
! Line N data
-
' ' RAMEND-2N+1
! ' RAMEND-2N+2
: ' RAMEND-2N+3
; ' RAMEND-2N+4
! h RAMEND-2N+5
H
i ) h RAMEND-2N+6
K Line n data ' RAMEND-2N+7
, RAMEND-2N+8
h
h
h
h
h
h
1
] h
Line 2 data { H
- —, !
' RAMEND-2N X RAMEND-3
| RAMENDTEN Line 1 data D
! Any number RAMEND-1
L. RAMEND | "7 T RAMEND

1. All addresses are expressed in hex notation. Other values are decimal.

2. RAMEND: RAM end address register (programmable to any address)
Figure 7-4 VRAM Organization

Code 40

Code 39

Code 38

Code 2

Code 1

AP

VP

HP

Code N-3

Code 2

Code 1

APCNT=0

Low-order 8 bits
of text code

High-order 8 bits
of text code

APCNT=1

. Low-order 8 bits

' of text code

High-order 8 bits
of text code
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7.6

ROM

7.6.1 ROM Organization

Text ROM Addresses

Text character

Each character requires 36 bytes. L Sshis T e
«— Line 2
~~Line 3
18 bits
X'080000"
3 CROMEND-24x(M+1)+1 Code M 3 <—Line 18
| CROMEND-24xM text data Bit 15 Bit 0
1 i- "7 cromenoas[ Lnelbis7w00 | [y
' ' CROMEND-22 | Line 1 bits 15 to 8
Prlggram D CROMEND-24met [ oo ‘ z:zx:s—z; :Tine:bb-: 175 IS 0B
ata | text data ' -20] Line 2 bits 1> 1o
Area } CROMEND-24xm | CROMEND-1F | Line 3 bits 7t0 0
i ' 36 bytes
: CROMEND-47 Code 01 3
' cromenp¢ | teXtdata }_ o
2 CROMEND-23 [ code 00 36 bytes  CROVEND1| Line 18bits 7100 }_ )
CROMEND-2&M) | CROMEND textdata |77 CROMEND | Line 18 bits 15 to 8 } _b_yEe_ ¥
Text ;
ROM :
1 Graphics ROM Addresses Graphics tile
CROMEND o : :
. — 16 bits —»! Line 1
In 8-_co|or mode, each tile I,:WW::UM >
requires 108 bytes. ’ TS T Lne 3
-- . Sheet 24H
GROMEND-6¢{(N+1)+1 ' T et T
' S i
3 (8-color mode) PN «— Line 18
Graphics "7 GROMEND-6G(N+1)+1 1 dot = 3 bits 5ss
ROM Code N = 8 colors :
graphics data B
GROMEND-6¢XN *
GROMEND -- Bit 15 Bit O
3 (8-color mode)
! GROMEND-6¢X(n+1)+1 Code n : GROMEND-6B Line 1 data
! . ' GROMEND-66
' graphics data ' GROMEND-65 Line 2 dat
' GROMEND-6¢n ' gﬁgﬂgﬂg?ﬁ ine ata 8 | 4
3 : Line 3 data --- (8-color mode)
; GRS ! GROMEND-7 [ Sheet 1bits 7100
‘ ' ' GROMEND-6 | Sheet 1 bits 15t0 8
' GROMEND-07 ' | GROMEND-5| Sheet2bits 7t0 0
' Code 01 ! : g i
: graphics data ! : GROMEND-4 SheethlFS 15t08
' GROMEND-6¢ o GROMEND-1C ! GROMEND-3 [ Sheet3bits 7100
; GROMEND-68 GROMEND-18 Line 17 data ‘ ' GROMEND-2 [ Sheet3bits 15108
! graﬁ)%?fsodoata 108 bytes  SROMEND oS Y- GromenD-1 | Sheet4bits 7100 # )
o ecroveno | |y crovenp|_Line 18 data | 6 bYIeS qroyenp | Sheet4bits 15108 1 byte
Notes: 1. All addresses are expressed in hex notation. Other values are decimal.
2. GROMEND: Graphics ROM end address register (programmable to any address)
3. CROMEND: Text ROM end address register (programmable to any address)
4. M: Number of text fonts- 1
5. m:0and up
6. N: Number of graphic fonts - 1 (8-color mode)
7. n:0andup

Figure 7-5 ROM Organization
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7.6.2 Graphics ROM Organization in Different Color Modes
The graphics layer supports up to eight colorsin the 8-color mode. It also
supports a 4-color mode. The smaller the number of colors, the less ROM area
required per tile. The figuresin this section illustrate the ROM organization for
each color mode.

The example in figure 7-6 demonstrates the graphics ROM setup for line 18 of
the code 00 data when the graphics layer isin 8-color mode. The three bits of
datafor each pixel, in sheets 1, 2, and 3, determine the color palette used for that

pixel.
Graphics Tile
«— 16dots —»! Line 1
A EFSee3 - Line 2
. ™ |ine 3
Sheet 2441
Sheet g
s HaLine 18
1dot =3 bits H
= 8 colors In this example, line 18 of the code 00
Bit*ls Bito graphics tile is set in 8-color mode.
(8-color mode)
Line 1 data
Line 2 data (Setup example)
Line 3 data . (8-color mode)
GROMEND-5| Sheet 1 bits 7 to 0 0000 0000
! GROMEND-4| Sheet L bits 150 8 1010 1010
! GROMEND-3| Sheet2bits 7100 0000 0000
! GROMEND-2| Sheet 2bits 1508 1100 1100
| GROMEND-1| Sheet3bits7100 7}” 0000 0000
Line 17 data # 3 GROMEND | Sheet3bits 15t08 | 1 byte 1111 0000
Line 18 data E:}i);/tes ?
?7 Use graphics palette 7
—  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
o|e/o|® |0 |0/e|®| Lincl8
Bit 15 Bit O
Figure 7-6 Graphics ROM Setup Example for a Single Line
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Graphic Tile Codes

4 colors 8 colors
ROMEND-90xN+1 Nx4/3-1 Nisa
Nx2-1 multiple of 3.
04
_____ 06.__.__ Y S
ROMEND-1B0
ROMEND-18C| | . (0] T S e T
ROMEND-168 _____9_3 ________________
ROMEND-144| | ____ 04-----t—m——
ROMEND-120 | ...
ROMEND-FC| | .. 03----- ______0_2_ ___________________
ROMEND-DB| o b
ROMEND-B4| | . 072 A
ROMEND-90 ____-.O.l ...........
ROMEND-6C| | 0lmmmmifn
ROMEND-48 T T B REEEE R 108 bytes
ROMEND-24 2 bytes _____ 00------ ______0_0_ ___________________
ROMEND h A ) I N S A
Requ"edpgftﬁ: 72 bytes 108 bytes
Y 9
See fig.7-9  See fig.7-8

Figure 7-7 Graphics ROM in the Two Color Modes

MN101C46F LS| User Manual

124

Panasonic

Panasonic Semiconductor Development Company



On-Screen Display

[ ROMEND-6B K
o o Line 1 data ) )
ROMEND-5 Line 2 data Graphics tile — 16 bits T lie1
ROMEND-60 (8-color mode) FHHSheet 3=—Line 2
ROMEND-5F Line 3 data . FAi ™~ Line 3
T Sheet 21
& | ROMEND-5A - fRSNE ‘ee A
2| rovEnD-59 Sheet 13HH
2 - H
X : -5 | Sheet 1 bits 7 H
S ' ROMEND-5 | Sheet b}ts 00 1 dot = 3 bits H
: ROMEND-4 | Sheet 1 bits 15 to 8 =8 colors H=— Line 18
: H
ROMEND-1C : ROMEND-3 | Sheet 2 bits 7 to 0 H
ROMENDIB I & 17 data | | rowmo-[sheezbis g
ROMEND—08 — L2 RomEnD-1| Sheet3bits 7100 | ¢ B s o
romenp| Line 18 data [ 6bytes  poyenp [Sheet3bits 1508 1 byte ! !

Figure 7-8 Graphics ROM Organization in 8-Color Mode (16W x 18H Tiles)

[ ROMEND-47 K
ROMEND—44 Line 1 data
ROMEND-43 [ Graphics tile ) }
ROVEND40 Line 2 data (4-color mode) i«— 16 bits —»! Line 1
ROMEND-3F [ ; A SN
Line 3 data P Sheet 2]+ Line 2
¢ | ROMEND-3C . i Line 3
@ | ROMEND-38 H
S H
o |
N . m|
~ 1 dot =2 bits |
=4 colors |
[ |
ROMEND-08 H ROMEND-3 | Sheet 1 bits 7 to 0 H— Line 18
ROMEND-07 I 6 17 data | ! RoMEND-2 | Sheet Lbits 15108
RN s ol ROMEND-1 | Sheet 2 bits 7to 0 # ) st a0
rowenp| Line 18 data | 4bytes  qovenp [sheet2bis 15108] 1 byte : '

Figure 7-9 Graphics ROM Organization in 4-Color Mode (16W x 18H Tiles)
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7.7 Setting up the OSD

7.7.1 Setting OSD Display Colors
This section describes how to set up the display colors for the OSD.

m  Setting up the color palette

Table 7-7 Color Palettes
Palette Name Address Applications

PLTO0-PLT37 [x’03EEQ'—’ 03EFF’| Text foreground and background colors

coLB x'03EDO’ Color background
FRAME x'03ED2’ Outlining and character shadowing colors
BBSHD x'03ED4’ Box shadowing color (black)
WBSHD x'03ED6’ Box shadowing color (white)

m  Setting up the graphics display colors
The following settings determine the graphics display colors:

¢ GCOL (x'03EB8, hit 1) setsthe number of colors of the mode (4 or 8).

¢ CHI[8:0] (CC bits8to 0inthe RAM data) set the code of the tile to be
displayed.

¢ PLT[1:0] (CChits12to 11 inthe RAM data) select color palette 0, 1, 2,
or 3.

¢ CGSEL (CChit 13in the RAM data) selects graphic tile display when
1.

¢ PLTOx (x'03EEQ' —x’03EE7’), PLT 1x (X' 03EE8' —x'03EEF'), PLT 2x
(X' 03EFO’ —x’03EF7"), or PLT 3x (X' 03EFQ" —x’ 03EFF’) specify the
palette color for the tile data stored in ROM.

m  Setting up the text display colors (normal display)
The following settings determine the text display colorsin normal mode:
¢+ CAPM (x'03EBA', hit 1) setsnormal display mode when O.

¢ CHI8:0] (CC bits8to 0inthe RAM data) set the code of the font to be
displayed.

¢ PLT[1:0] (CChits12to 11 inthe RAM data) select color palette0, 1, 2,
or 3.

¢ CGSEL (CChit 13inthe RAM data) selects text font display when 0.

¢ CCOL[2:0] (COL hits2to0inthe RAM data) set the color of the character
(8 calors). Thisvaueisin reference to the selected color palette (PLTxO-
PLTX7).
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¢

¢

BCOL[2:0] (COL bits6to 4inthe RAM data) set the background color (8
colors). Aswith CCOL, thisvalueisin reference to the selected color pd-
ette (PLTXO-PLTXY).

CSHAD (COL hit 10inthe RAM data) enables character shadowing when
st to 1. Set the shadowing color in the FRAME of the color palette. This
function is unavailable in the closed-caption mode.

BSHAD[1:0] (COL bits 12 to 11 in the RAM data) enable character box
shedowing when BSHAD1 is 1. Thisfunction is unavailablein 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

PLTOx (x'03EEOQ‘—x'03EET7"), PLT 1x (x' 03EE8' —x’03EEF"), PLT2x
(X' 03EFO’ —x’03EF7"), or PLT 3x (X' 03EFQ’ —x’ 03EFF") specify the
palette color for the font data stored in ROM.

BBSHD (x'03ED4’) specifies the “black” color for box shadowing.
WBSHD (x’03EDE6’) specifies the “white” color for box shadowing.

m  Setting up the text display colors (closed-caption display)
The following settings determine the text display colorsin closed-caption mode:

¢ CAPM (X'03EBA', hit 0) sets closed-caption display mode when 1.

¢ CHI[8:0] (CC bits8to 0inthe RAM data) set the code of the font to be
displayed.

¢ PLT[1] (CC hit 12 inthe RAM data) selects the color palette. O selects
the 16 colors of PLTOO0-PLT17 while 1 selects the 16 colors of PLT20-
37.

¢ CGSEL (CC hit 13 inthe RAM data) selects text font display when 0.

¢ CCOL[3:0] (COL hits3to 0inthe RAM data) set the color of the charac-
ter (16 colors). Thisvalueisin reference to the selected color palette
(PLTOO-PLT17 or PLT20-PLT37).

¢ BCOL[3:0] (COL bhits7to 4 inthe RAM data) set the background color
(16 colors). Aswith CCOL, thisvaueisin reference to the selected color
paette (PLTO0-PLT17 or PLT20-PLT37).

¢ ITALIC (COL bit 10inthe RAM data) enables character itdicization
when setto 1.

¢ CUNDL (COL hit 11 inthe RAM data) enable character underlining when
stol

¢ PLTOx (x'03EEQ' —x’03EE7’) and PLT 1x (x' 03EE8' —x’ 03EEF") or
PLT2x (x'03EFO’ —x’ 03EF7") and PLT3x (X' 03EF0' —x’ 03EFF’) spec-
ify the palette color for the font data stored in ROM.
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m  Setting up functions for all text
This section describes settings for text display that are used for both normal
display and closed-caption display.

¢ BLINK (COL hit 8inthe RAM data) enables character blinkingwhen setto 1.

¢+ FRAME (COL bit 9inthe RAM data) enables character outlining when
set to 1. Set the outline color using FRAME in the color palette.

¢ FRAME (X’ 03ED2') specifies the outline color or character shading.

m  Setting up functions for all the display colors
Color background function
The color background function allows you to fill the television screen areas that
are not covered by the OSD display (text or graphics) with any color.

¢ COLB (X' 03EDS, hit 0) enablesthe color background function when set to 1.
¢ COLB (x'03EDQ') specifiesthe color of the background.

Transparency
¢ PLTX0-PLTX7 (bit 6) controlsthe Y S pin output.

Translucency
¢ PLTX0-PLTx7 (bit 7) controlsthe YM pin output.

Seefigure 7-10.

Palette PLTnm: n = 0-3, m = 0-7
Bit7 6 5 4 3 2 1 0

PLTnm PLTnm PLTnm PLTnm PLTnm PLTnm PLTnmM PLTnm
YM YS BH GH RH B G R

Hi-Z contro\7
0: Push-pull

1HZ

Hi-Z control E

0: Push-pull
1:HiZ
Hi-Z control
0: Push-pull
1:Hiz
\ 4 % % Y
YM YS BOUT GOuUT ROUT

Figure 7-10 OSD Signal Output Control
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7.7.2 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
VRAM’sCOL field causes outlines to appear around al characters following that
COL. You can specify the color of the outline in the color palette's FRAME
(x’03ED2"). Figure 7-11 shows an example of character outlining. As shownin
thefigure, if acharacter contains dots in the left or right borders of itsfield, the
outlining for those dots appear in the adjacent character field.

}47 16 dots 4’}47 16 dots —————
\

Figure 7-11 Character Outlining Example

®  Character shadowing
In normal mode, writinga1to bit 10 (CSHAD) of the VRAM’s COL field causes
shadows to appear behind al charactersfollowing that COL. You can specify the
color of the shadow in the color palette’'s FRAME register (x’ 03ED2’). Figure 7-
12 shows an example of character shadowing. As shown in thefigure, if a
character contains dotsin the 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 ———— =

-
L

Figure 7-12 Character Shadowing Example
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m  Box shadowing
In normal mode, writing a1 to bit 12 (BSHAD1) of the VRAM’s COL field
causes boxes to appear around all characters following that COL. If COL bit 11
(BSHADOQ) is 0, the color specified in the WBSHD register (x' 03ED6') appears
on the top and | eft sides of the box and the color specified in the BBSHD register
(X’ 03ED4’) appears on the bottom and right sides of the box. These positions are
reversed if BSHADO is 1. Figure 7-13 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.

16 dots : 16 dots

18 dots

Box shadowing (black) Box shadowing (white)
(Specify the color in BBSHD) (Specify the color in WBSHD)

Figure 7-13 Box Shadowing Example
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m  [talicizing
In closed-caption mode, writing a1 to bit 10 (ITALIC) of the VRAM’s COL field
italicizes al characters following that COL. Figure 7-14 shows an example of an

italicized character.

m  Underlining
In closed-caption mode, writing a 1 to bit 11 (CUNDL) of the VRAM’s COL

field underlines all characters following that COL. Figure 7-14 shows an
example of an underlined character.

Italics

26 dots

Caption mode

Figure 7-14 ltalicizing and Underlining Example

m  Blinking
In both normal and closed-caption modes, writing a 1 to bit 8 (BLINK) of the
VRAM’s COL field causesall charactersfollowing that COL to blink. To usethis
function, you must enable blinking by writing a1 to bit 5 (BLINK) of the OSD3
register (x’ 03EBA").

In closed-caption mode, you can specify whether or not the underlines blink on
underlined, blinking characters. Set bit 1 (UNDF) of the OSD3 register to 0 to
disable underline blinking or set it to 1 to enable underline blinking.

Theblink cycle lasts for 128 VSYNC pulses (about 2 seconds). The characters
display for 96 VSYNCs (about 1.5 seconds) and turn off for 32 VSY NCs (about
0.5 seconds).
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7.7.3 Display Sizes

®  Graphic tile sizes

][]

b'00! b'01' b'10' b'11' HSZ[1:0]

1
b'01' + R

EEmEmammEs
A

EEE e e E
I | L
EEEE NN Em T
[ MEm .|

b'10" +

b'11' T

|

|

IIH

il
| il AN & NN SR NER ° | | \
AL | | R | N
| | N il ] ]
L E } EREREREEREER

N

I

I

|

VSZ[1:0]

‘ The settings shown are for interlaced displays. In progressive displays, the vertical size settings (VSZ[1:0]) are asfollows: 01 = 1x, 10 =
2x, and 11 = 3x. The 00 setting isinvalid.

Figure 7-15 Graphic Size Combinations
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m  Character sizes

1] [

b'00' b'o1' b'10' b'11' HSZ[1:0]

16 32 48 64

I 1 T 1 I 1 I 1

b0’ T r

x 1 18

b'o1' + r

2] |

b'10" + r

] | -

VSZ[1:0]

The settings shown are for interlaced displays. In progressive displays, the vertical size settings (VSZ[1:0]) are as follows: 01 = 1x, 10 =
2x, and 11 = 3x. The 00 setting isinvalid.

Figure 7-16 Character Size Combinations
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7.7.4 Setting Up the OSD Display Position
This section describes how to control the positioning of the OSD.
m  To set the horizontal position of the display:

¢+ Writethe position of thefirst line in the display to the IHP field
(X’ 03ECA’ and x’ 03ECB’, hits 9 to 0).

¢ Writethe position of the second and all following linesin the HP[9:0]
field within the text display RAM data of the preceding line.

¢ Permissibleranges: IHP = x’0C’ and HP = x’0C’
m  About the horizontal start position on the screen
The horizontal position, or HP settings determine where the | eft side of the
display starts on the screen. You can set thisvalue in 1-pixel units.
m  To set the vertical position of the display:

¢ Writethe position of thefirst linein the display to the IVP[9:0] field
(x'03ECC’ and x’'03ECD).

¢+ Writethe position of the second and al following linesin the VP[9:0]
field within the text display RAM data of the preceding line.

¢ Permissible range: x’ 3FO" — (no. of H scan lines) = IVP or VP = x’ 03’

Sample VP range calculation
The base graphics line height is 18 dots, or H scan lines. If the graphics line you
are positioning displays at 2x the base height, the number of H scan linesis:

18 x2=36=x"24" H scan lines
C The permissible range of settingsfor VPis:
[ |

X'3F0 —x'24 =x'3CC' 2VP=x'03

Whenyouwritenew valuestothe  m About the vertical start position on the screen
GlVPand CIVPfields, the settings The vertical position (V P) settings determine where the upper edge of the display

take effect on the next VSYNC . . . .
. starts on the screen. You can set thisvalue in H scan line units.
pulse. This means that changes are

reflected in the next display screen
rather than the current one.
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(

To prevent error, program data to
meet the restrictions for the number
of characters used, outlined in
section 7.1, “Description,” on page
109.

¢

If an unexpected VSYNC or too
many HSY NCs come in during a
DMA transfer, the DMA transfer
address may move to a different
line and the microcontroller may
shut down. If this occurs, add a
dummy line to the VRAM areaand
set HP and VP,

7.8 DMA and Interrupt Timing
This section describes how the MN101C46F handles the timing of direct memory
access (DMA) transfers of OSD data and OSD interrupts

Direct Memory Access

The microcontroller readstheline 1 datafrom the RAM asit scansline 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 13 system clock cycles (13Tg)
after theleading edge of the HSY NC pulse. The DMA transfer takes 4T g for each
display dataword.

If aDMA transfer occurs at the sametime asthe leading edge of aVSYNC pulse,
the screen flickers. To avoid this, do not set a display position in thelast line.

Interrupts

The microcontroller processes the INT interrupt request bit of the display data’'s
VP field during the DMA transfer. If INT is set to 1, when the associated VP
transfer ends the OSD generates an interrupt request.

Note that if the interrupt bitisset to 1 inthe line 1 display data, the interrupt
occurs at thefirst scan line. If theinterrupt bit isset to 1 intheline 2 display data,
theinterrupt occurs at the first display line.

IVP write timing

The IVP register determines the vertical positions of the L1 line shown in figure
7-17. Mistimed writes to thisregister can cause the OSD display to flicker. If, for
instance, thewriteto IVP occurs aboveline L1, the display jumpsimmediately to
the new L1 setting. If it occurs below line L1, however, the new display position
(line L1) does not display until the next screen (or field). To prevent flickering,
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awayswrite to the IVP register at a point after L1 has displayed.

13Ts
P i

Linel —pr---

;
Line L1 4>:r— - - {Display code DMA|

Line L2 ——pt------

4nTs . Display screen %
i

I

OSD interrupt

Text Graphics Text
display | display | display

I

OSD interrupt

Graphics Text
display display

-«—— HSYNC pulse

Figure 7-17 DMA and Interrupt Timing for the OSD

7.9 Selecting the OSD Dot Clock
This section describes how to set up the OSD dot clock.

The source for the OSD dot clock is programmable to either the 12- or 14.32-
MHz clock supplied through the OSC1 and OSC2 pins then synchronized
internally to the HSY NC pulse.

MN101C46F LS| User Manual

Panasonic Semiconductor Development Company
136

Panasonic



On-Screen Display
Controlling the Shuttering Effect

Table 7-8 Bit Settings for Controlling the Shuttered Area

7.10 Controlling the Shuttering Effect

The MN101C46F OSD achieves a shuttering effect using four programmable
shutters—two vertical and two horizontal. With this feature, you can shutter any
portion of the OSD display, or you can combine shuttering with awipe-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 VSY NC cycle.

7.10.1 Controlling the Shuttered Area

The register settings for the two vertical shutters (VSHTO and VSHT1) and two
horizontal shutters (HSHTO and HSHT1) control which area of the screenis
shuttered. Table 7-8 shows the register settings required for this function, and
figure 7-18 shows four setup examples.

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 VST00- VST10- HST00—- HST10- | For vertical shutters, thisisthe number of H scan lines
VST09 VST19 HST09 HST19 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 (hori-
zontal shutters)
1: Shutter above (vertica shutters) or to the left (hori-
zontal shutters)
Shuttering mode control SHTRAD 0: AND the shuttered areas of all the shutters
(shared bit) 1: OR the shuttered areas of all the shutters
m  Determining the vertical shutter positions (VSTO and VST1)
The top edge of the television screen isx’ 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, isthe smallest display unit
inthe OSD.)
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VSONO = VSONL1 = 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 = 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 =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

: VSONO = 0: V shutter 0 off

H VSONL = 1: V shutter 1 on

H HSONO = HSONL1 = 1: H shutters 0 and 1 on
: VSPO = 1: V shutter 0 shutters above

' VSP1 = 0: V shutter 1 shutters below

(I 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 7-18 Shuttered Area Setup Examples
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7.10.2 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
alowsthe OSD display to appear or disappear without an abrupt transition. Table
7-9 shows the register settings required for this function, and figure 7-19 shows
four setup examples. Thereis no repeat operation for shutter movement, so you
must reset the bits each time.

Table 7-9 Bit Settings for Controlling Shutter Movement

Function VSHTO Bit | VSHT1 Bit | HSHTO Bit | HSHT1 Bit Description
Shutter movement enable/ VSMO0 VSM1 HSMO HSM1 0: Move shutter
disable 1: Don’'t move shutter
Shuttering movement VSMPO VSMP1 HSMPO HSMP1 | O: Movefrom top to bottom (vertical shutters) or from
direction 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 3VSYNCs
11: Move every 4 VSYNCs
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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

oo oo00000d

1

«

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
Ve : f N\ VSMO = 1: V shutter 0 movement enabled
: : VSM1 = 0:V shutter 1 movement disabled
! ! HSMO = HSM1 = 1: Movement enabled for H shutters 0 and 1
""""" pessemmosssssssesooocbess-e-oood VSHTO VSMPO = 0:V shutter 0 moves downward
i : SHTSPO = SHTSP1 = 0: Shutter moves 1 HSYNC each VSYNC
--------- e i | VSHTL

You must set OSDREGE = x'1', or the shutters will not
move (PCNT2 register, bit 2).

VSHTO

VSHT1

--------- IF\DLUE’} VSHTO

--------- beemoceeeooooeooooh———— ] VSHTL

Vertical shutter 0 stops x'3FF' HSYNC lines from the top
of the screen.

VSHT1
VSHTO

Figure 7-19 Shutter Movement Setup Examples
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(1

Do not allow the horizontal shutter-

ing boundaries to overlap any itali-
cized portion of a closed-caption
display. Thisdistortstheitalicized
characters.

7.10.3 Controlling Shuttering Effects

Through register settings, you can independently control shuttering for text, text
background, graphics, and color background. You can a so output blanksto the
shuttered area.

You cannot shutter the cursor layer.

Table 7-9 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 7-10 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 graphicslayer
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

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’03EC8’) 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 7-20 shows three setup examples of text-layer shuttering.
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CCSHT = 0: Shuttering of text foreground disabled

cocomoreo ‘_ _________ VSHTO BCSHT = 0: Shuttering of text background disabled

------------------------------- b---------1 VSHTL

Television screen Shuttered region

HSHTO HSHT1
: H CCSHT = 1: Shuttering of text foreground enabled

__________ r‘_ VSHTO BCSHT = 0: Shuttering of text background disabled

---------- e | VSHTL

CCSHT = 0: Shuttering of text foreground disabled
BCSHT = 1: Shuttering of text background enabled

""""" prrttissiimmmmmeessnesssee VSHTL The text background disappears, leaving only

the characters visible.

Television screen

Figure 7-20 Text-Layer Shuttering Setup Examples

m  To shutter the color background:

Set the color background shutter control bit, COLBSHT, of the shutter control

register, SHTC (x'03ECS') to 1.

Thisfunction exists only when the program enables a color background. It allows

you to limit the area covered by the color background.

m  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

adisplay 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 7-21 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).

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

---------- femmessneesneeen b VSHTO

VSHT1

Television screen

Figure 7-21 Shutter Blanking Setup Examples

7.10.4 Controlling Line Shuttering
Itis 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.

m  To disable shuttering on the next line:
Set the SHT bit (bit 10 of HP in the RAM data) to 1.

m  To disable shuttering on the first line:
Set the ISHT bit of the IHPH register (X’ 03ECB’) to 1.

Figure 7-22 shows a setup example for the text layer.

Line 1: ISHT =1 — ABCDEFG ~——— Shuttering
effect

Line2:SHT=0 ———  |FFG

Line3:sHT=0 —#f |

Line 4: SHT =1 —| ABCDEFG

Television screen

Figure 7-22 Line Shuttering Setup Example
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7.11 Field Detection Circuit

7.11.1 Block Diagram

HSYNC Database
- R :
Slyslkem » Divide » Upper 4 bits 4
cloc by 3 7-bit counter ‘
X'003EBE' EVOD (FREG[13:10])
VSYNC A
leading —e—®| T-FF b—i >0—4 LOADN1 4
edge detection ) > D-FF x4 (N1)
X003EBE’ EVOD (FREG[23:20])
\ ) LOADNZ D-FF x 4 (N2) 4
4 4
N2CNT NICNT
Vertical display \ \J
controller EOMON
>
\(
i > Comparator _ EOSEL _
-t >
FRMON >

Figure 7-23 Field Detection Circuit Block Diagram

7.11.2 Description

The 7-bit field counter in this block resets every HSYNC interval to count the
system clock. At each VSYNC interval, the four MSBs of the 7-bit counter are
aternately loaded (made readable) to bits 7 to 4 (N2) and 3 to 0 (N1) of the
EVOD register (X’ 03EBE’). The comparator comparesthe N1 and N2 values and
outputs the resultsto the EOMON bit of EVODH (x’ 03EBF). The OSD identifies
the field that sets EOMON to 1 asthe display start field. Table 7-11 shows the
criteriathat the comparator uses.

By reading the FRMON bit of EVODH, the OSD can determine which register
the four MSBs will load to on the next VSY NC input.

To ensure that the display starts at the right field, you must also set the EOSEL
bit of EVODH so that EOMON becomes 1 at the display start field.

AR R

Field counter value ;
oV
Load value to FREG2

_

VSYNC

HSYNC

FRMON

Figure 7-24 Field Detection Timing
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Table 7-11 EOMON Output Criteria

EOMON Output
FRMON N1/N2 Relationship
EOSEL =0 EOSEL =1

0 N1>N2 0 1

Load to N2 next NL<N2 1 0
N1=N2 Complement previous | Complement previous

1 N1>N2 1 0

Load to N1 next NL<N2 0 1
N1=N2 Complement previous | Complement previous

7.11.3 Considerations for Interlaced Displays

m  Switching the display start field
The OSD is constructed so the display start position isthe field (field 1) where
the EOMON bit is 1; however, interlaced displays may require that the start
position be afield (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'03EBA’, hit 4): Setto 1.
0: Normal display
1: Slide the field 1 display position down 1 line

¢ EOSEL (X’'03EBF, hit 2): Complement the value EOSEL hasfor field
linanormal 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 bitsto fix the text lines to the even
or odd field characters while scrolling.

¢ BFLD (X’03EBA’, hit 2): Set to 1 to enable scrolling.
0: Normal display
1: Display the same charactersin fields 1 and 2

¢ EONL (X’03EBA’, hit 3): SettoOor 1.
0: Fix to charactersin field 1
1: Fix to charactersin field 2
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7.12 OSD Registers

CROMEND: Text ROM End Address Register x'03EBO’

Bit: 7 6 5 4 3 2 1 0

Al5 | Al4 | A13 | Al12 | ALl | A10 A9 A8

Reset: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

A[15:8] hold the programmable portion of the text ROM end address. The

‘ low-order eight bits of the address are alwaysx’ FF and the M SB isaways
u b'1’. The available addressrange isx’1_00FF to x’1 BFFF', with apro-
ROM datawill be displayed incor- grammabl e range from x’00' to X' BF'.
rectly if CROMEND is set to x’ CO’ ALS A8
or higher. |

1 XXXX XXXX 11111 1111

Fixed ‘Programmable: Fixed
! I

100FF 1 0000 0000 1111 1111
1BFFF 1 1111 1111'1111 1111

GROMEND: Graphics ROM End Address Register x'03EB2’

Bit. 7 6 5 4 3 2 1 0

Al5 | Al4 | A13 | AL2 | ALl | Al0 | A9 A8

Reset: 0 0 0 0 0 0 0 0
RW. RW RW RW RW RW RW RW RW

A[15:8] hold the programmable portion of the graphics ROM end address.
G The low-order eight bits of the address are always x’ FF' and the MSB is
= awaysb'1l’. The available addressrangeisx’1 O00FF tox’1 BFFF, with
ROM datawill be displayed incor- a programmable range from x’ 00" to x' BF'.
rectly if GROMEND is set to x’ CO’ ALS A8
or higher. |

1 XXXX XXXX ;1111 1111

Fixed ‘Programmable: Fixed
! I

100FF 1 0000 00001111 1111
1BFFF 1 1111 1111 11111 1111

RAMEND: VRAM Address Register x'03EB4’

Bit: 7 6 5 4 3 2 1 0

All | Al0 A9 A8 A7 A6 A5 Ad

Reset: 0 0 0 0 0 0 0 0
RW. RW RW RW RW RW RW RW RW

A[11:4] hold the VRAM end address RAMEND. The low-order four bits

‘ of the address are dways x’' F' and the high-order four bitsare alwaysx'0’.
n The available address range is x’ 040F to x’ OBFF', with a programmable
Do not set outside xX'40'-x'BF’ . The range from x’ 40’ to X’ BF'.
microcontroller will not operate
correctly.
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All A4

| !

0000, XXXX XXXX 11111

I I
Fixed ' Programmable ' Fixed

040F 0000:0100 0000 :1111
OBFF 0000!1011 11111111

IHPH: Initial Horizontal Position Register High x'03ECB’
IHP: Initial Horizontal Position Register x'03ECA’
Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
IHSZ1|IHSZO| ISHT | IHP9 | IHP8 IHP7 | IHP6 | IHP5 | IHP4 | IHP3 | IHP2 [ IHP1 | IHPO
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: - - - RW RW RW RW RW RW RW RW RW RW RW RW RW
IHSZ[1:0]: 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
ISHT: Initial shutter control
0: Shutter control on
1. Shutter control off
IHP[9:0]: Initial horizontal position
IVPH: Initial Vertical Position Register High x'03ECD’
IVP: Initial Vertical Position Register x'03ECC’
Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
IVSZ1|IVSZ0| - IVP9 | IVP8 IVP7 | IVP6 | IVP5 [ IVP4 | IVP3 | IVP2 | IVPL [ IVPO
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: - -- - RW RW - RW RW RW RW RW RW RW RW RW RW
IVSZ[1:0]: Initial vertical size
IVSZ[1:0] 1 Dot Size
Setting Interlaced Displays Progressive Displays
00 1H scanline Reserved
01 2 H scan lines 1H scanline
10 4 H scan lines 2 H scan lines
11 6 H scan lines 3 H scan lines
IVP[9:0]: Initial vertical position
IAPH: Initial RAM Address Pointer Register High x'03ECF’
‘ IAP: Initial RAM Address Pointer Register x'03ECFE’
| ] Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Set APCNT (bit 7 of x’ 03EBS8') to - - - -~ |IAP1L|IAP10| IAP9 | IAPS || IAP7 | IAPG | IAPS | IAP4 | IAP3 | IAP2 | IAPL | IAPO
1 to make this setting valid.
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
IAP[11:0]: Initial RAM address (start of second line) pointer
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Set APCNT (bit 7 of X' 03EBS') to

1 to make this setting valid.
Reset:

R/W:

Bit:

Reset:
R/W:

EVODH: Field ID Control Register High x'03EBF’
EVOD: Field ID Control Register x'03EBE’
7 6 5 4 3 2 1 0 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 n 10

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RIW R R R R R R R R R R
EOSEL: Even/odd field select (R/W)
0: Select the smaller counter value asthe display start field
1. Select the larger counter value as the display start field

FRMON: Field counter load monitor (R)
Monitors which field register (FREG) loads the counter value on the lead-
ing edge of VSYNC.
0: Loaded to FREG2[3:0]
1. Loaded to FREG1[3:0]

EOMON: Even/odd field monitor (R)
Flagged during display field interval.
0: Nodisplay start field detected
1. Display start field detected

FREG2[3:0]: Field register 2
4-bit register storing field counter value (R).

FREG1[3:0]: Field register 1
4-bit register storing field counter value (R).

HCOUNTH: Vertical Display Position Counter x’'03EBD’
HCOUNT: Vertical Display Position Counter x’'03EBC’
7 6 5 4 3 2 1 0 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
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R R R R R R R R R

These registers hold the HSYNC count. They are cleared to 0 on therising
edge of VSYNC.
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The value written to bit 2 of OSD1

isvalid from the leading edge of the
next VSYNC. When the OSD func-
tion ison, the OSD starts operating

from the VSY NC after thishit is set
to 1. When the OSD function is off,
the OSD stops operating at the next
VSYNC after 0 iswritten.

When you stop the OSD function to
lower current consumption, O is
written to OSDPOFF to stop the
OSD clock immediately after Ois
written to OSD. OSD-function-off
will not be valid, so current con-
sumption may not decrease. If this
occurs, stop the OSD clock after
writing O to OSD after VSYNC
input.

OSD1: OSD Register 1

Bit: 7 6 5 4 3 2 1 0
YS
HPOL | VPOL POL -- OosD
Reset: 0 0 0 0 0 0 0 0
RIW: -- RW RW RW -- RIW

HPOL and VPOL: HSYNC and VSYNC input polarity select
HPOL-HSYNC and VPOL-V SYNC selects.

0: Activelow

1. Activehigh
YSPOL: YS output polarity
0: Activehigh
1. Activelow
OSD: OSD function switch
0. Off
1. On
OSD2: OSD Register 2
Bit: 7 6 5 4 3 2 1 0
CAN’?F GCOL | COoLB
Reset: 0 0 0 0 0 0 0 0
RW:  R/W RW RW

APCNT: Address pointer enable

x'03EB6’

x'03EBS’

0: Address pointer off (AP of VRAM line disabled. The maximum

number of horizontally displayable characters

is38.)

1. Address pointer on (AP of VRAM line enabled. The maximum

number of horizontally displayable characters

GCOL[1:0]: Graphics color mode
0: 8-color mode
1. 4-color mode

COLB: Color background control
0: Don't output
1. Output

is61.)
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Bit:

Reset:
R/W:

OSD3: OSD Register 3 x'03EBA’
Bit: 7 6 5 4 3 2 1 0
BlklN CANH| EONL | BFLD | UNDF|CAPM
Reset: 0 0 0 0 0 0 0 0
RIW: -- -- RW RW RW RW RW RW

BLINK: Character blinking control
Controls blinking for characters with BLINK set in the COL code.
0: Don't blink
1. Blink

CANH: Vertical alignment control for closed captions
Active when interlacing is selected.
0: Normal position
1. Add1toV position of even fields

EONL and BFLD: Closed-caption scrolling control
Use when required for smoother scrolling.
00: Normal display
01: Fix to font of odd field during scrolling
10: Fix to font of even field 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

VSHTOH: Vertical Shutter 0 Register High x'03ECY’
VSHTO: Vertical Shutter 0 Register x'03ECO’
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

VSON VSMP VSTO | VSTO | | VSTO | VSTO | VSTO | VSTO | VSTO | VSTO | VSTO | VSTO
o |VSO| o [VSMO]l T4l g 7 |6 | 5 | 4| 3| 2]1]o0
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

VSONO: Vertical shutter 0 on/off
0: Off
1: On
VSPO: Vertical shutter O shuttering direction
0: Shutter below
1. Shutter above

VSMPO: Vertical shutter 0 movement direction
0: Bottom to top
1. Top to bottom

VSMO: Vertical shutter 0 movement control
0: Don't move
1. Move

VSTO[9:0]: Vertical shutter O position
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VSHT1H: Vertical Shutter 1 Register High x'03EC3’
VSHT1: Vertical Shutter 1 Register x'03EC2’

Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
VS:E)N VSPL VS:ILVIP VSM1 Vng VSSTl VS7Tl VSGTl st;Tl ViTl VS'éTl VS’éTl VSlTl VSSTl

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

VSONZ1.: 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: Bottom to top
1. Top to bottom

VSML1: Vertical shutter 1 movement control
0: Don't move
1. Move

VST1[9:0]: Vertical shutter 1 position

HSHTOH: Horizontal Shutter 0 Register High x'03ECY’
HSHTO: Horizontal Shutter 0 Register x'03EC4’

Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
HS(())N HSPO HS(;\/IP HSMO HSgTO H%TO HS7TO H%TO HiTO HiTO HzTO HSZTO HSlTO H%TO

Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: - -- RW RW RW RW RW RW RW RW RW RW RW RW RW RW

HSON: Horizontal shutter O on/off
0: Off
1: On
HSPO: Horizontal shutter 0 shuttering direction
0: Shutter right side
1. Shutter left side

HSMPO: Horizontal shutter 0 movement direction
0: Rightto left
1. Lefttoright

HSMO: Horizontal shutter 0 movement control
0: Don't move
1. Move

HSTO0[9:0]: Horizontal shutter O position

Panasonic Semiconductor Development Company MN101C46F LSl User Manual
151

Panasonic



On-Screen Display
OSD Registers

Bit:

Reset:
R/W:

HSHT1H: Horizontal Shutter 1 Register High x'03EC7’
HSHT1: Horizontal Shutter 1 Register x'03EC6’
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

HS:E)N HSPL HS:ILVIP HSM1 Hng HSSTl HS7Tl HSGTl HS’E;Tl HiTl HS'éTl HSZTl HSlTl HSSTl
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

HSON: Horizontal shutter 1 on/off
0: Off
1. On

HSP1: Horizontal shutter 1 shuttering direction
0: Shutter right side
1. Shutter left side

HSMP1: Horizontal shutter 1 movement direction
0: Right to left
1. Lefttoright

HSM1: Horizontal shutter 1 movement control
0: Don't move
1. Move

HST1[9:0]: Horizontal shutter 1 position

SHTC: Shutter Control Register x'03ECS8’
Bit: 7 6 5 4 3 2 1 0
Bk | ST | 1 | S0 | RaD || gt | ST
Reset: 0 0 0 0 0 0 0 0

RW: RW RW RW RW RW RW RW RW

SHTBLK: Shutter blank function control.
0: Shutter blank off
1: Shutter blank on

COLBSHT: Color background shutter control
0: Disable
1. Enable

SHTSP[1:0]: Shutter speed control
Four speeds

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: Character shutter control
0: Disable
1. Enable
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COLB: Color Background Register x'03EDO’

Bit: 7 6 5 4 3 2 1 0

COLB |COLB|COLB|COLB |COLB|COLB |COLB|COLB
YM YS BH GH RH B G R

Reset: 0 0 0 0 0 0 0 0
RW.: RW RW RW RW RW RW RW RW
Sets color when background is colored.
COLBYM: YM output
COLBYS: YS output

COLBBH: BOUT pin high impedance control
0: Push-pull control
1: High impedance

COLBGH: GOUT pin high impedance control
0: Push-pull control
1: High impedance

COLBRH: ROUT pin high impedance control
0: Push-pull control
1: High impedance

COLBB: Blue digital output (push-pull)
COLBG: Green digital output (push-pull)
COLBR: Red digital output (push-pull)

FRAME: Outlining and Character Shadowing Color Register x'03ED2’

Bit: 7 6 5 4 3 2 1 0

FRAME | FRAME | FRAME | FRAME | FRAME | FRAME | FRAME | FRAME
YM YS BH GH RH B G R

Reset: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Sets color of outlines and shading.
FRAMEYM: YM output

FRAMEYS: YS output

FRAMEBH: BOUT pin high impedance control
0: Push-pull control
1: High impedance

FRAMEGH: GOUT pin high impedance control
0: Push-pull control
1: High impedance

FRAMERH: ROUT pin high impedance control
0: Push-pull control
1: High impedance

FRAMEB: Blue digital output (push-pull)
FRAMEG: Green digital output (push-pull)
FRAMER: Red digital output (push-pull)
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BBSHD: Black Box Shadowing Register x'03ED4’

Bit: 7 6 5 4 3 2 1 0

BBSHD | BBSHD | BBSHD | BBSHD | BBSHD | BBSHD | BBSHD | BBSHD
YM Ys BH GH RH B G R

Reset: 0 0 0 0 0 0 0 0
RW.: RW RW RW RW RW RW RW RW
Sets color of black box shadowing.
BBSHDYM: YM output
BBSHDYS: YS output

BBSHDBH: BOUT pin high impedance control
0: Push-pull control
1: High impedance

BBSHDGH: GOUT pin high impedance control

0: Push-pull control
1: High impedance

BBSHDRH: ROUT pin high impedance control
0: Push-pull control
1: High impedance

BBSHDB: Blue digital output (push-pull)
BBSHDG: Green digital output (push-pull)
BBSHDR: Red digital output (push-pull)

WBSHD: White Box Shadowing Register x'03ED6’

Bit: 7 6 5 4 3 2 1 0

WBSHD (WBSHD|WBSHD|WBSHD |WBSHD [WBSHD [WBSHD |WBSHD
YM YS BH GH RH B G R

Reset: 0 0 0 0 0 0 0 0
RW. RW RW RW RW RW RW RW RW
Sets color of white box shadowing.
WBSHDYM: YM output
WBSHDYS: YS output

WBSHDBH: BOUT pin high impedance control
0: Push-pull control
1: High impedance

WBSHDGH: GOUT pin high impedance control
0: Push-pull control
1: High impedance

WBSHDRH: ROUT pin high impedance control
0: Push-pull control
1: High impedance

WBSHDB: Blue digital output (push-pull)
WBSHDG: Green digital output (push-pull)
WBSHDR: Red digital output (push-pull)
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PLT00-07: Palette O Colors 0—7 Register x'03EEQ'-x’'03EE7’

Bit: 7 6 5 4 3 2 1 0

PLTOO | PLTOO| PLTOO| PLTOO | PLTOO | PLTOO [ PLTOO | PLTOO
YM YS BH GH RH B G R

Reset: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Color 0 of palette 0
PLTOOYM: YM output
PLTOOYS: YS output

PLTOOBH: BOUT pin high impedance control
0: Push-pull control
1: High impedance

PLTOOGH: GOUT pin high impedance control
0: Push-pull control
1: High impedance

PLTOORH: ROUT pin high impedance control
0: Push-pull control
1: High impedance

PLTOOB: Blue digital output (push-pull)
PLTOOG: Green digital output (push-pull)

PLTOOR: Red digital output (push-pull)

Bit: 7 6 5 4 3 2 1 0

PLTO7 | PLTO7 | PLTO7 | PLTO7 | PLTO7 | PLTO7 | PLTO7 | PLTO7
YM YS BH GH RH B G R

Reset: 0 0 0 0 0 0 0 0
RW:. RW RW RW RW RW RW RW RW

Color 7 of palette 0
PLTO7YM: YM output
PLTO7YS: YS output

PLTO7BH: BOUT pin high impedance control
0: Push-pull control
1: High impedance

PLTO7GH: GOUT pin high impedance control
0: Push-pull control
1: High impedance

PLTO7RH: ROUT pin high impedance control
0: Push-pull control
1: High impedance
PLTO7B: Blue digital output (push-pull)
PLTO7G: Green digital output (push-pull)

PLTO7R: Red digital output (push-pull)
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PLT10-17: Palette 1 Colors 0—7 Register

Bit: 7 6 5 4 3 2 1 0

PLT10(PLT10|PLT10|PLT10 (PLT10|PLT10|PLT10|PLT10
YM YS BH GH RH B G R

Reset: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Color 0 of palette 1
PLT10YM: YM output
PLT10YS: YS output

PLT10BH: BOUT pin high impedance control
0: Push-pull control
1: High impedance

PLT10GH: GOUT pin high impedance control
0: Push-pull control
1: High impedance

PLT10RH: ROUT pin high impedance control
0: Push-pull control
1: High impedance
PLT10B: Blue digital output (push-pull)
PLT10G: Green digital output (push-pull)

PLT10R: Red digital output (push-pull)

Bit. 7 6 5 4 3 2 1 0

PLT17 | PLT17 | PLT17|PLT17 |PLT17 | PLT17 [ PLT17 | PLT17
YM YS BH GH RH B G R

Reset: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Color 7 of palette 1
PLT17YM: YM output
PLT17YS: YS output

PLT17BH: BOUT pin high impedance control
0: Push-pull control
1: High impedance

PLT17GH: GOUT pin high impedance control
0: Push-pull control
1: High impedance

PLT17RH: ROUT pin high impedance control
0: Push-pull control
1: High impedance
PLT17B: Blue digital output (push-pull)
PLT17G: Green digital output (push-pull)

PLT17R: Red digital output (push-pull)

Xx'03EE8’'-x’03EEF’
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PLT20-27: Palette 2 Colors 0—7 Register x'03EFO0’—x'03EF7’

Bit: 7 6 5 4 3 2 1 0

PLT20 | PLT20| PLT20| PLT20 | PLT20 | PLT20 | PLT20| PLT20
YM YS BH GH RH B G R

Reset: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Color 0 of palette 2
PLT20YM: YM output
PLT20YS: YS output

PLT20BH: BOUT pin high impedance control
0: Push-pull control
1: High impedance

PLT20GH: GOUT pin high impedance control
0: Push-pull control
1: High impedance

PLT20RH: ROUT pin high impedance control
0: Push-pull control
1: High impedance
PLT20B: Blue digital output (push-pull)
PLT20G: Green digital output (push-pull)

PLT20R: Red digital output (push-pull)

Bit. 7 6 5 4 3 2 1 0

PLT27 | PLT27 | PLT27|PLT27 | PLT27 | PLT27 | PLT27 | PLT27
YM YS BH GH RH B G R

Reset: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Color 7 of palette 2
PLT27YM: YM output
PLT27YS: YS output

PLT27BH: BOUT pin high impedance control
0: Push-pull control
1: High impedance

PLT27GH: GOUT pin high impedance control
0: Push-pull control
1: High impedance

PLT27RH: ROUT pin high impedance control
0: Push-pull control
1: High impedance
PLT27B: Blue digital output (push-pull)
PLT27G: Green digital output (push-pull)

PLT27R: Red digital output (push-pull)
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PLT30-37: Palette 3Colors 0—7 Register

Bit: 7 6 5 4 3 2 1 0

PLT30 | PLT30| PLT30| PLT30 | PLT30| PLT30 | PLT30| PLT30
YM YS BH GH RH B G R

Reset: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Color 0 of palette 3
PLT30YM: YM output
PLT30YS: YS output

PLT30BH: BOUT pin high impedance control
0: Push-pull control
1: High impedance

PLT30GH: GOUT pin high impedance control
0: Push-pull control
1: High impedance

PLT30RH: ROUT pin high impedance control
0: Push-pull control
1: High impedance
PLT30B: Blue digital output (push-pull)
PLT30G: Green digital output (push-pull)

PLT30R: Red digital output (push-pull)

Bit. 7 6 5 4 3 2 1 0

PLT37 | PLT37 | PLT37|PLT37 | PLT37 | PLT37 | PLT37 | PLT37
YM YS BH GH RH B G R

Reset: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Color 7 of palette 3
PLT37YM: YM output
PLT37YS: YS output

PLT37BH: BOUT pin high impedance control
0: Push-pull control
1: High impedance

PLT37GH: GOUT pin high impedance control
0: Push-pull control
1: High impedance

PLT37RH: ROUT pin high impedance control
0: Push-pull control
1: High impedance
PLT37B: Blue digital output (push-pull)
PLT37G: Green digital output (push-pull)

PLT37R: Red digital output (push-pull)

Xx'03EF8 —x’03EFF’
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8 Analog/Digital Converter

8.1 Description
The MN101C46F contains an analog/digital converter (ADC) pair with a 5-bit
resolution. It contains a sample hold circuit and can be programmed to switch
among eight channels (ADIN7-ADINO) of analog input. When the ADC is
inactive, you can reduce power consumption by turning the internal ladder

resistors off.

8.1.1 ADC Functions
The table below shows the A/D conversion functions.

Table 8-1 A/D Conversion Functions

A/D input pins Eight

Pin names ADIN7-ADINO
Interrupt ADIRQ
Resolution 5 bits

Conversion time (minimum)

134 ps(whentyp = 1.12 ps)

Power down function

Internal ladder resistors can be turned on and off
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8.2 ADC Block Diagram

ANCTR1 ANCTRO ANCTR20

ANCHSO0 O—I —_ _

ANCHS1 — —

ANCHS?2 | — — ANBUF10
— ANLADE [——— _ —
— ANCKO |— — —
— ANCKL |— — —
— ANSHO — A/D conversion ANBUF13
— ANSH1 ANST |« control ANBUF14

7 7 7 ANBUF15
ANBUF16
ANBUF17
; &
Voo <
ADINO—
ADIN1—>
2 2
ADIN2—> Y_ A/D conversion
ADIN3==1 ) ix Sample hold 5:bit AD o2
> -0l comparatol
ADINA—» ampie o P
ADIN5— A A
ADING —
ADIN7 —»
Vss
f/2 .
f./4 -
fs/8 .| MUX 2]~
fyx2 - 1/6 MUX
1/18
Figure 8-1 ADC Block Diagram
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8.3

Analog-to-Digital Conversion Operation

The operation of the analog-to-digital conversion circuit is described bel ow.

1

Set up the Analog Pins

Use the port input mode register to set the pins that will be set up as analog
input pinsin step 2 as specia function pins. (Complete the port input mode
register setup before applying an analog voltage to the pins.)

Select the Analog Input Pin
Select the analog input pin from among ADIN7-ADINO using the
ANCHS[2:0] field of A/D control register 1 (ANCTR1).

Select the A/D Conversion Clock

Select the A/D conversion clock using the ANCK][1:0] field of A/D control
register 0 (ANCTRO). Set so that the oscillator you are using does not result
in aconversion clock (tap) of 800 ns or below.

Set the Sample Hold Time

Set the sample hold time using the ANSHJ[ 1:0] field of ANCTRO. Select a
value for the sample hold time that is appropriate to the impedance of the
analog input.

Set up the A/D Ladder Resistors

Set the ANLADE flag of ANCTRO to 1 to send current to the ladder resis-
tors, and put A/D conversion in standby. (Steps 2 through 5 do not need to be
donein order. Steps 3, 4, and 5 may even be done simultaneously.)

Select the A/D Conversion Start Source and Start A/D Conversion
Set the ANST flag of A/D control register 2 (ANCTR?2) to 1 to start A/D
conversion.

A/D Conversion
The ADC samples for the sample hold time set in step 3 and sequentially
compares and determines the bits starting from the M SB.

End of A/D Conversion

When A/D conversion iscomplete, the ADC clearsthe ANST flag and sends
the resultsto the A/D buffer (ANBUF1). It also generates an A/D end inter-
rupt request (ADIRQ) at thistime.
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taD
> J1t07 8 9 12

A/D conversion clock— | | | ot — |

ANST flag l

Start A/D conversion

A/D conversion end

A/D conversion time >
ts ‘ (

|
ey g

I

Comparebt4  Comparehit3 ComparebitO
| | | ( |
Bit4 Bit3 Bit1 Bit0
determined  determined determined  determined

( f_l

A/D interrupt (ADIRQ)

B R L L LT PRy S

Figure 8-2 The A/D Conversion Operation

To read A/D conversion values, either run multiple A/D conversions and check
E] that levels match in the program or find average values and remove noise.
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8.3.1 Setting Up A/D Conversion

8.3.1.1 Setting up the A/D Conversion Input Pins
Select the pins to be used for A/D conversion input using the ANCHS[2:0] flag

of ANCTRL.
Table 8-2 Setting up the A/D Conversion Input Pins
ANCHS2 ANCHS1 ANCHSO A/D Pin
0 0 0 ADINO pin
1 ADIN1 pin
1 0 ADIN2 pin
1 ADIN3 pin
1 0 0 ADIN4 pin
1 ADINS5 pin
1 0 ADING pin
1 ADIN7 pin

8.3.1.2 Setting up the A/D Conversion Clock

Set up the A/D conversion clock with the ANCK]1:0] field of the ANCTR1
register. Set the field so the A/D conversion clock (tap) does not fall below 800
ns. Thetable below illustrates the rel ationshi p between the machine clocks (fosc,
fg, and fy) and the A/D conversion clock (tpp). (Calculated with fg = fogo/2 and

fx/2
Table 8-3 A/D Conversion Clocks and Cycles
A/D Conversion Cycles (tpp)
A/D Conversion
ANCK1 | ANCKO Clock fosc=7.16 MHz | fx= 1.79 MHz
0 0 fo2 559 ns (not settable) 224 ps
1 fo/4 112 pys 4.48 ps
1 0 fo/8 224 ps 8.96 us
1 fy x2 (Reserved) (Reserved)

See section 2.13, “ Setting the Clock Switch Register,” on page 42 for more infor-
mation on the system clock (fg).
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8.3.1.3 Setting up the A/D Conversion Sampling Time

Setup the A/D conversion sampling time with the ANSH[1:0] field of the
ANCTRO register. Set the sampling time to an appropriate value for the analog
input impedance, since it is changed by external circuits.

Table 8-4 A/D Conversion Sampling Time and Conversion Time

. . A/D Conversion Time
Sampling Time
ANSH1 | ANSHO (ts) tap = 1.12us | tap = 8.96ps
0 0 tap X 2 13.4 pus 107.5pus
1 taAp X6 179 pus 1433 us
1 0 tap X 18 313 ps 250.8 pus
1 Reserved — —

8.3.1.4 Controlling the Internal Ladder Resistors

Set the ANLADE flag in the ANCTRO register to 1 to send current to the ladder
resistor and put the ADC in standby. When the ADC is stopped, set ANLADE to
0 to reduce power consumption.

Table 8-5 Controlling the A/D Ladder Resistors

ANLADE A/D Ladder Resistor Control
0 A/D ladder resistors OFF (A/D conversion stopped)
1 A/D ladder resistors ON (A/D conversion on standby)

8.3.1.5 Setting the Start of A/D Conversion

Set the ANST flag of the ANCTR2 to 1 to start A/D conversion. The ANST flag
stays at 1 throughout A/D conversion and is cleared to O when the A/D con-
version end interrupt is generated.

Table 8-6 Starting A/D Conversion

ANST Starting A/D Conversion
0 Start A/D conversion, or conversion underway
1 Stop A/D conversion, or conversion halted
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8.3.2 Setup Example of A/D Conversion

8.3.2.1 Operating the ADC with Register Settings

You can start A/D conversion with register settings. In the following example of
setup procedures, the analog input pin is ADINO, the conversion clock isf4/4,
and the sample hold timeist,p % 6. Conversion ends with an interrupt.

Table 8-7 ADC Setup Procedures

Procedure

Description

(1) Set up analog input pins.
POMD (x'03F28")
bit 0—POMDO =1
POPLU (x0'3F40")
bit 0—POPLUO =0

(1) Usethe port input mode register to set the
analog input pinsto be set in step 2 as spe-
cial function pins. Use the port pullup/pull-
down resistor control register to set up pins
without pullup or pulldown resistors.

(2) Select analog input pin.
ANCTR1 (x'03FB1’)
bits 2:0—ANCHS[2:0] = 000

(2) Select the analog input pins from among
ADIN7-0 using the ANCHS[2:0] field of
A/D control register 1 (ANCTR1).

(3) Select the A/D conversion clock.
ANCTRO (x'03FB0")
bits 5:4—ANCK][1:0] = 01

(3) Select the A/D conversion clock with the
ANCK][1:0] field of the ANCTRO register.

(4) Set the sample hold time.
ANCTRO (x'03FBO0")
bits 7:6—ANSH[1:0] = 01

(4) Set the sample hold time using the
ANSH[1:0] field of ANCTRO.

(5) Set theinterrupt level.
ADICR (x'03FFA")
bits 7:.6—ADLV[1:0] = 00

(5) Settheinterrupt level with the ADLV[1:0]
field of the A/D conversion end interrupt
control register (ADICR). If the interrupt
request flag may already be set, clear it. See
section 3.5.2, “ Setting the Interrupt Flags,”
on page 58.

(6) Enableinterrupts.
ADICR (x’O3FFA")
bit 1—ADIE=1

(6) Setthe ADIE flag in the ADICR register to
1 to enable interrupts.

(7) Set the A/D ladder resistor.
ANCTRO (x'03FB0Q")
bit 3—ANLADE =1

(7) Setthe ANLADE flag of ANCTROto 1 to
send current to the ladder resistors, and put
A/D conversion in standby.

(8) Start A/D conversion.
ANCTR2 (x'03FB2')
bit 7—ANST =1

(8) Setthe ANST flag of A/D control register
2 (ANCTR2) to 1 to start A/D conversion.

(9) End A/D conversion.
ANBUF1 (x’03FB4’)

(9) When A/D conversion is complete, the
ADC generates an A/D conversion end
interrupt and clearsthe ANST flag in
ADCTR2. Theresults are stored in the A/D
buffer (ANBUF1).

Note: Steps 3 and 4 can be done simultaneoudly.
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8.3.3 Cautions on A/D Conversion
A/D conversion is susceptible to noise, so take preventative measures.

8.3.3.1 Noise Prevention
Place capacitors near the microcontroller’s V o5 pins for the A/D input (analog
input pins).

L Vop
Vss

Vop Vss 7

ADINO Power

to 3 supply
ADINY
P

Figure 8-3 Recommended ADC Connection

lace near Vgg pin

To ensure A/D conversion precision, observe the following precautions when
using the ADC.

1. Keeptheinput impedance R of the A/D input pinsto 500 kQ or less” and
connect an external capacitor of between 1000 pF and 1 uF*.

2. Keep thetime constants R and C in mind when setting the A/D conversion
interval.

3. When running A/D conversion, A/D precision cannot always be guaranteed
if the output levels of the microcontroller are changed or peripheral added
circuitsare turned on and off, since these actions cause fluctuationsin analog
input pins and current pins. When evaluating a set, check the waveform of
the analog input pins.

Equivalent circuit block

that outputs analog signal Microcontroller
R : :

/\/\/\/ T , A/D input pin
E 1/; c !
' Vss :

1 uF = C 2 1000 pF”*
but R <500 kQ
Note: Asterisked figures are reference values.
Figure 8-4 Recommended Circuit for ADC
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8.4 ADC Control Registers
A/D conversion employs control registers (ANCTRn) and a data storage buffer
(ANBUF1).

8.4.1 ADC Control Registers
The following registers control A/D conversion

Table 8-8 ADC Control Registers

Register | Address | RIW Description
ANCTRO x'03FBO’ R/W | A/D control register 0
ANCTR1 x'03FBY’ R/W | A/D control register 1
ANCTR2 x'03FB2’ R/W | A/D control register 2
ANBUF1 x'03FB4’ R A/D conversion data storage buffer 1
ADICR x' 03FFA’ R/W | A/D conversion interrupt control register
ANCTRO: A/D Control Register O x'03FBO’
Bitt 7 6 5 4 3 2 1 0

ANSH1 | ANSHO | ANCK1 | ANcko [ANEAP] — —

Reset: 0 0 0 0 0 0 0 0
RW: RW RW RIW RIW RIW R R R

ANSH][1:0]: Sample hold time
00: tpp x 2
01: tAD x 6
11: tAD x 18
11: Do not use

ANCK]1:0]: A/D conversion clock (fiap = 1/tap)
00: fg/2
01:fg/4
10:f4/8
1:fy x 2
ANLADE: A/D ladder resistor control
0: A/D ladder resistor OFF
1: A/D ladder resistor ON
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ANCTR1: A/D Control Register 1

Bitt 7 6 5 4 3 2 1 0
_ _ _ — | Reserved| ANCHS| ANCHS| ANCSH

s 2 1 0

Reset: 0 0 0 0 0 0 0 0
RIW: R R RW RW  RW

Reserved: Set to 0.

ANSH][2:0]: Analog input channel

000:
001.:
010:
011:
100:
101:
110:
111:

ADINO (PAO)
ADIN1 (PAY)
ADIN2 (PA2)
ADIN3 (PA3)
ADIN4 (PA4)
ADINS (PA5)
ADING (PA6)
ADIN7 (PA7)

ANCTR2: A/D Control Register 2

6

5

4

3

Reserved

Bit: 7
ANST

Reset: 0
RW: RW

0
R

0
R

0

0

ANST: A/D Conversion Status
0: End or stopped
1: Start or converting

Reserved: Set to 0.

8.4.2 A/D Buffer

ANBUF1: A/D Conversion Data Storage Buffer

6

5

4

3

2

1

0

ANBUF
16

ANBUF
15

ANBUF
14

ANBUF
13

Bit: 7
ANBUF

17

Reset: X

R/W: R

X
R

X
R

X
R

X
R

0
R

0
R

This register stores the results of the A/D conversion.
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9 Watchdog Timer

9.1 Description

The MN101C46F contains awatchdog timer function. The watchdog timer is
used to detect software faults. It is controlled by the watchdog timer control
register (WDTCR) and generates a watchdog interrupt (WDIRQ) when the
watchdog timer overflows. Two consecutive watchdog interrupts indicate a
software fault that cannot be recovered by software and requires a forcible reset
by hardware.

9.1.1 Watchdog Timer Block Diagram

NRST % _
STOP
Write WDCTR
Y y Y
HALT R R R
¢ j>—> 12 - 1/21% | 1/215 - 1/220 — Internal reset release
5 S
(SYSCLK) A
f5/214 —
fo/210 —
DLYCTR 7.,/26 — = MUX
0 fg/22 —»
] A
_bLyso_|
_bLysi )
_BUZSO_|
_Buzsi |
_Buzs2 |
BUZOE | 7 ;sgig —>
—MUX >
WDCTR f§/216 — WPIRQ
_WDEN_] 0 A
WSO )
wotst |/
_WDTCO |
_WDTC1 |
_WDTC2 |
""""" 7
Figure 9-1 Watchdog Timer Block Diagram
The watchdog timer is also used to count the oscillation stabilization wait. It
functions as atime-out timer except when areset is cleared or when returning from
STOP mode. For resets and in the STOP mode, the watchdog timer isinitialized
and starts counting from itsinitial value (x’ 0000") using the system clock (fg) asits
clock source. Set the oscillation stabilization wait in the oscillation stabilization
wait control register (DLY CTR). After oscillation has stabilized, it continues
counting as awatchdog timer. (See section 2.14, “Resets,” on page 43.)
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(1

Once started, the watchdog timer
cannot be stopped.

9.2 Operation of the Watchdog Timer

9.2.1 Watchdog Timer Function

The watchdog timer counts using system clock fg asits clock source. When the
timer overflows, it generates the watchdog interrupt (WDIRQ) as a nonmaskable
interrupt (NMI). The watchdog timer stops at reset, but once it is activated, it
cannot be stopped except by another reset. Use the watchdog timer control
register (WDCTR) to clear the timer and to set the time-out period.

The watchdog timer can also detect software faults that repeatedly clear the
watchdog timer in short periods. When the watchdog timer is cleared in a period
shorter than the set time (the lower limit at which the watchdog timer can be
cleared), it is considered a software fault and awatchdog interrupt (WDIRQ) is
generated.

Two consecutive watchdog interrupts will be interpreted as a software fault that
cannot be recovered by software and requires aforcible reset by hardware.

9.2.1.1 Using Watchdog Timer Functions

Periodically clear the watchdog timer during your program to avoid timer
overflows when you are using the watchdog timer function. When the microcon-
troller experiences a software fault for any reason, the program will not be ableto
execute correctly, the watchdog timer will overflow, and a software fault will be
detected.

Programming of watchdog timer functions should generally be performed at the
last stage of program debugging.

9.2.1.2 Methods of Software Fault Detection

When the program is running correctly, it is expected that the watchdog timer
functionis cleared at set intervals. The MN101C46F s watchdog timer has two
ways it detects software faults.

1. When the watchdog timer overflows.

2. When the watchdog timer clears at an interval shorter than the value set in
the WDCTR register for the lower limit at which the timer can be cleared.

When a software fault is detected, awatchdog interrupt (WDIRQ) is generated as
anonmaskable interrupt (NMI).

9.2.1.3 Clearing the Watchdog Timer

The watchdog timer can be cleared by writing in the WDCTR. The timer is
cleared regardless of the value written. We recommend that you use the bit set
(BSET) instruction, which does not change the value.
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9.2.1.4 Time-Out Period

The time-out period is determined by the system clock (fg) and bits 2 and 1
(WDTS[1:0]) of the WDCTR. If the watchdog timer cannot be cleared before
thisvalue is reached, it is considered a software fault and the watchdog interrupt
(WDIRQ) is generated as a nonmaskabl e interrupt (NM1).

Table 9-1 Time-Out Periods

WDTS1 WDTSO Time-Out Period
0 0 216 system clocks
0 1 218 system clocks
1 X 220 system clocks

Note:  The system clock is determined by the CPU mode control register (CPUM). See
section 2.13, “ Setting the Clock Switch Register,” on page 42.

Thetime-out period is generally determined by the run time of the program’s main
routine. Set atime-out period that islonger than the main routine’s run time divided
by agiven natural number (1, 2, ...). Insert watchdog timer clear commandsin the
main routine such that their number makes it an equivalent period.

9.2.1.5 Lower Limit at which Watchdog Can Be Cleared
The lower limit value at which the watchdog timer can be cleared is determined
by bits 5, 4, and 3 (WDTC2, WDTC1, and WDTCO) of the WDCTR register.

Table 9-2 Lower Limit at which Watchdog Can Be Cleared

Lower Limit Value at which
WDTC2 WDTC1 WDTCO Watchdog Can Be Cleared

0 None

27 system clocks

29 system clocks

211 system clocks

213 system clocks

215 system clocks

217 system clocks

| Ol RP| O| R,| O

219 system clocks

9.2.1.6 Relationship between Watchdog Timer and CPU Mode
The watchdog timer has the following relationship to the CPU mode.

1. InNORMAL, IDLE, and SLOW modes, the watchdog timer counts the sys-
tem clock.

2. Thewatchdog timer count continues regardless of switching between the
NORMAL, IDLE, and SLOW modes.

3. HALT mode stops the watchdog timer.

Panasonic Semiconductor Development Company MN101C46F LSl User Manual
171

Panasonic



Watchdog Timer
Operation of the Watchdog Timer

Place the command that sets the
WDEN flag to 1 at the end of the
initialization. If the WDCTR regis-
ter is changed after operation
begins, awatchdog interrupt will be
generated by the setting for lower
limit of clearability.

4. In STOP mode, the watchdog timer clears automatically.

5. Nowatchdog interrupts are generated in STOP mode.

6. Afteraresetis cleared and after returning from STOP mode, the count con-
tinues only for the oscillation stabilization wait.

In systemsthat use STOP mode, the program will usually branch depending on
whether STOP isinvoked or not. When this happens, the count value of the
watchdog timer will vary, so consider the danger of triggering awatchdog interrupt
when you are setting the lower limit at which the watchdog timer can be cleared.

9.2.2 Setup Examples for the Watchdog Timer

In this example, the watchdog timer is used to detect software faults. The
detection period is 218 system clocks and the lower limit for clearability is 2°
system clocks. The procedure is described bel ow.

Table 9-3 Initialization Program (Example Setup that Initializes the Watchdog
Timer)

Procedure Description

(1) Set time-out period. (1) Setthe WDTS[1:0] field of the WDCTR to
WDCTR (x0'3F02) 01 to select 218 system clocks as the time-
bits 2:1—WDTS[1:0] = 01 out period.

(2) Set lower limit of clearability. (2) SettheWDTC[2:0] field of the WDCTR to
WDCTR (x'03F02) 010 to select 2° system clocks as the lower
bits 5:3—WDTC[2:0] = 010 limit for clearability.

(3) Start watchdog timer running. (3) Setthe WDEN flag inthe WDCTR to 1 to
WDCTR (x'03F02) start the watchdog timer running.
bit 0—WDEN =1

Table 9-4 Program Main Routine (Example Setup that Periodically Clears the
Watchdog Timer)

Procedure Description
(1) Periodicaly clear the watchdog timer. (1) Clearsthe watchdog timer with a period of
Write to WDCTR (x'03F02") at least 2° system clocks and no more than
218 system clocks.
(cf) Insert watchdog timer clears within the main
BSET (WDCTR) WDEN routine so periods are equal and the set period is
bit 0—WDEN =1 achieved. We recommend an instruction that

does not change the value, such as abit set
(BSET), for the clear.

Table 9-5 Setup of Interrupt Service Routine

Procedure Description
(1) Watchdog interrupt service. (1) A nonmaskable interrupt is generated when
NMICR (x'03FEL") the watchdog timer overflows. Check that
TBNZ (NMICR) WDIR, WDPRO the WDIR flag in the nonmaskable inter-

............... rupt control register (NMICR) issetto 1
............... with the interrupt service routine and per-
............. form service appropriate to the system.
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(1

Operation just prior to when a
watchdog interrupt is engaged can-
not be guaranteed. When awatch-
dog interrupt occurs, run a program
that initializes the system.

9.3 Watchdog Timer Control Register

The watchdog timer is controlled by the watchdog timer control register
(WDCTR).

Register | Address | RIW Description
WDTCR x'03F02 R/W | The watchdog timer control register
WDTCR: Watchdog TImer Control Register x'03F02’
Bit: 7 6 5 4 3 2 1 0

— — WDTC2 | WDTC1 | WDTCO| WDTS1 | WDTSO | WDEN

Reset: 0 0 0 0 0 1 1 0
RW: R R RIW RIW R/W RW R/W RIW

WDTCJ2:0]: Watchdog Timer Counter

Thisfield setsthe lower limit value at which the watchdog timer can be
cleared.

000: None

001: 27 system clocks

010: 2° system clocks

011: 2 system clocks

100; 213 system clocks

101; 215 system clocks

110: 217 system clocks

111:  2%° system clocks

WDTS[1:0]: Time-out Period Setting
00: 26 system clocks
01: 2'8 system clocks
1X: 220 system clocks

WDEN: Watchdog Timer Enable
0: Disable
1. Enable
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10 Closed-Caption Decoder

10.1 Description

The MN101C46F contains two identical closed-caption decoder circuits, CCDO
and CCD1. The decoders extract encoded captions from composite video signals.
Figure 10-1 provides a block diagram of the decoders, and section 10.3, “Func-
tional Description,” on page 175, describes the circuit’s main blocks. Note that
this section describes CCDO, but all descriptions also apply to CCD1. Table 10-1
provides the pin names for each decoder.

Table 10-1 Pins Used for CCDO and CCD1

Closed-Caption Decoder Pin Name
CCDO CVBS0 VREFHO CLHO CLLO
CCD1 CVBS1 VREFH1 CLHO CLLO

10.2 Block Diagram

Controller )—

f {

CRI ;
Data extraction
=T frdegtggg:ry . controller
{
CVBS
O—p»| clamp [ ADC |um@udupe|  Slicing »| Data extractor > SIP | —
P circuit (sampling circuit)
t }
Slice level
detector

f

. Max/min
\ detector

HSYNC separator | VSYNC separator
RAM [«
- -~ ) Clamping
- L Ow-pass filter > controller —‘
CPU
: Sync separator )'
Figure 10-1 Closed-Caption Decoder Block Diagram
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(1

The constants shown infigures 10-2
to 10-4 are recommended vaues
only. Operation at these valuesis
not guaranteed.

(1

Always set the same value to bits 6
and 7 of P2MD. Otherwise CCD’s
don’t work correctly.

10.3 Functional Description

10.3.1 Analog-to-Digital Converter

The analog-to-digital converter (ADC) converts the clamped video signal to 8-bit
digital datausing a 14.32 MHz sampling clock. Figure 10-2 shows an example con-
figuration using the recommended external pin connections. In this example, both
caption decoders are used. Figure 10-3 shows the recommended connection when
neither decoder is used, and figure 10-4 shows that when only CCDO is used.

azia VREFHO = .
v VRERH  ouT >
1uF ADC
VIDEO IN 0| VREFL XO3F4A, bit O
I w o —+—CE—— -
!
i
Clamping
(et
asv
1 xosFan, bt s
VoEO W M——Ne——K , | Ve || 3 [ e = P
| VREFH Ut >
| ADC
1 = fsvscux
______ - VREFL (14.32 MHz)
oW pass fer ad———CE—2-:
<o bt
_

Figure 10-2 Recommended ADC Configuration

VREFHO
(Used as P27)

VREFHO

O cveso
[T (Used as P26)

)cLL
(Used as P22)

M
{

CVBSO

CvBS1
(Please OPEN)

M
{

) CLH
(Used as P23)

CLH

{ )
N/

CVBS1
(Used as P25)

) VREFH1
(Used as P24)

Figure 10-3 External Connection with Figure 10-4 External Connection with
Both CCDO and CCD1 Unused Only CCDO Unused

VREFH1
(Used as P24)

Table 10-2 provides the register setting for caption terminalsin cases of Figure
10-2, Figure 10-3, and figure 10-4. And always set both bits6 and 7 of P2MD to 1,
whether using two CCD’s or only one CCD. In not using any CCD, always set
these two bitsto 0.

Panasonic Semiconductor Development Company

MN101C46F LS| User Manual
175

Panasonic



Closed-Caption Decoder
Functional Description

Table 10-2 Caption decoder register setting

VBI control ADC control Clamp control
Use two caption caption 0 ON(PCNTO0.bp0=0) ON(PCNTO0.bp3=1) ON(P2MD.bp6=1)
decoders caption 1 ON(PCNTO.bp1=0) ON(PCNTO.bp4=1) ON(P2MD.bp5=1)
Use one caption | caption 0 ON(PCNTO0.bp0=0) ON(PCNTO0.bp3=1) ON(P2MD.bp6=1)
decoder no caption 1 OFF(PCNTO.bp1=1) OFF(PCNTO.bp4=0) ON(P2MD.bp5=1)
No use caption no caption 0 OFF(PCNTO0.bp0=1) OFF(PCNTO0.bp3=0) OFF(P2MD.bp6=0)
decoder no caption 1 OFF(PCNTO.bp1=1) OFF(PCNTO.bp4=0) OFF(P2MD.bp5=0)

10.3.2 Clamping Circuit
This block clamps the input video signal (CVBS0, CVBS1).

3.3v

6.8 kQ

r
External

1 circuit 1

[ —

CLH
%33 kQ

CVBSO, 1

-
—C

o —
CLL,
—O0
@ §
Clamping j%((
Circuit
---------- — AD |r——|
—O0
—O
|
—0

Control circuit

Data slice

circuit

Sync separatol

circuit

Figure 10-5 Clamping Circuit

The clamping circuit internal to the MN101CA46F 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 sourceson
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 different. Table 10-3
provides these values for the two types of clamping, and table 10-4 shows how to
control the three current levels so that the video signal matchesthe reference level.

Table 10-3 Clamping Reference and Compare Levels

. Reference Level Compare Level
Clamping
Type CCDO CCD1 CCDO CCD1
Synctip 16 (dec) 16 (dec) Output from minimum detection circuit | Output from minimum detection circuit
clamping (valuein SYNCMIN, x'03E48') (valuein SYNCMIN, x'03E68')
Pedestal Valuein PCLV, | VaueinPCLV, | VaueinBPLV, x'03E4Y Value in BPLV, x’ 03E69'
clamping X' 03E4D’ X' 03E6D’
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Table 10-4 Current Level Control

Current Source
Control Low Current Medium Current High Current
Conditions @ 2 (©)] 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 =compareleve - reference level
2. The numbers (1) to (6) correspond to the numbersin figure 10-5.

Table 10-5 provides the registers used to control and monitor the clamping
circuit. See the page number indicated for register and bit descriptions.

Table 10-5 Control Registers for Clamping Circuit

CCDO CCD1
Register | Page | Address | Address Description

Register for selecting the low-pass filter

NFSELH 191 | x’03E4Yr X' 03E61’ Noise filter select register high

NFSEL 191 | x’03E40 X' 03E60’ Noisefilter select register

Registers for controlling clamping

SCMINGH 192 | x’03E45 X' 03E65’ Minimum sync level detection interval set
register high

SCMING 192 | x'03E44 X' 03E64’ Minimum sync level detection interval set
register

SYNCMIN 193 | x’03E48 X' 03E68’ Minimum sync level register

BPPSTH 192 | x'03E4T X'03E67 Backporch position register high

BPPST 192 | x'03E46’ X' 03E66’ Backporch position register

BPLV 193 | x'03E49’ X' 03E69’ Pedestal level register

CLAMPH 194 | x’03E4D’ X' 03E6D’ Clamping control register high

CLAMP 194 | x'03E4C x'03E6C’ Clamping control register

CLPCND1 197 | x’03E5C x'03E7C’ Clamping control signal status register 1

10.3.3 Sync Separator Circuit

A low-pass filter and a sync separator comprise this block. The sync separator
extracts HSYNC and VSY NC from the composite video signal. Figure 10-6
shows ablock diagram of the circuit, and table 10-6 provides the registers used to
control and monitor it. See the page number indicated for register and bit
descriptions.
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Table 10-6 Control Registers for Sync Separator Circuit

Register

Page

CCDO
Address

CCD1
Address

Description

Register for setting the sync separator level

SPLVH

193

X' 03E4B’

X’ O3E6B’

Sync separator level set register high

SPLV

193

X' O3E4A

X' 03E6A’

Sync separator level set register

Register for controlling the sync

separator clock

FQSELH

191

X' 03E43'

X' 03E63'

Frequency select register high

FQSEL

191

x'03E42'

x'03E62'

Frequency select register

Registers for

controlling the HSYNC separator

HSEP1H 195 | x'03E4F x'03E6F HSY NC separator control register 1 high

HSEP1 195 | x’03E4E X' 03E6E’ HSY NC separator control register 1

HSEP2H 195 | x’03E5Y X'03E7L HSY NC separator control register 2 high

HSEP2 195 | x'03E50 x'03E70° HSY NC separator control register 2

HLOCKLVH 196 | x'03E55 x'03E75’ Sync separator detection control register 1
high

HLOCKLV 196 | x'03E54' x'03E74 Sync separator detection control register 1

HDISTWH 196 | x'03E57 x'03E77 Sync separator detection control register 2
high

HDISTW 196 | x'03E56' x'03E76' Sync separator detection control register 2

Register for controlling the VSYNC separator

VCNTH

196

X' 03E59'

X' 03E79’

V SY NC separator control register high

VCNT

196

X’ 03E58'

X' 03E78'

VSY NC separator control register

Register for controlling the field detection

FIELDH

195

x'03E53

X' 03E73

Field detection control register high

FIELD

195

X' 03E52'

X' 03E72'

Field detection control register

Register for monitoring the sync separator status

HVCOND

| 196 ‘X’OSESA’ |x'03E7A’ lsyncseparator Status register

Panasonic Semiconductor Development Company

179

Panasonic

MN101C46F LS| User Manual




Closed-Caption Decoder
Functional Description

10.3.3.1HSYNC Separator

The HSY NC separator extracts the HSYNC signal from the composite sync
signal using the sampling clock generated by the sync separator clock pulse gen-
erator. Thiscircuit also secures and interpolates the HSYNC signal.

T
Error HSYNC ‘ Missed
Detected HSYNC resulting from HSYNC
noise >k

Window for securing
and interpolating HSYNC

I [
| 1 Window open |
[ ——
\HSEP2H/HSEP? setting !
O @) Interpolated
Secured and HSYNC
interpolated HSYNC HSEP1H/HSEP1 setting

Figure 10-7 HSYNC Securement and Interpolation

As shown in figure 10-7, noise can cause the HSY NC detection circuit to both
miss HSY NC pulses and add erroneous ones. The HSY NC separator contains a
window circuit to correct these errors. The open and close timing for this window
is set inthe HSEP1H, HSEPL, HSEP2H, and HSEPZ registers. The unit used for
the setting is the sampling clock for the HSY NC separator.

The circuit counts a corrected and interpolated HSY NC signal . If the count
within the interval set in the HDISTWH and HDISTW registersis greater than
that set in the HLOCKLVH and HLOCKLYV registers, the HLOCK hit of
HVCOND setsto 0, indicating an asynchronous state. This allows the device to
determine the quality of the signal.

10.3.3.2VSYNC Separator

The VSYNC separator extracts the VSYNC signal from the composite signal.
Like the HSY NC separator, it contains programmable methods for eliminating
noise. The VCNTH and VCNT registers contain these settings. Masking the OH
to 127H range (by setting the VSEPSEL bhit of VCNTH to 0) prevents VSYNC
errors due to noise. See figure 10-8.

wie || | ||

127H
Masked
signal

Figure 10-8 VSYNC Masking

10.3.3.3Field Detection Circuit

The field detection circuit detects the phase difference between VSYNC and
HSYNC, based on the setting in the VPHA SE[9:0] field of the FIELDH and FIELD
registers. This setting isin units of the sampling clock for the HSY NC separator. The
results of the field detection are stored in the ODDEVEN bit of FIELDH.
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10.3.4 Data Slicer

The data slicer contains the maximum and minimum detection circuits, the slice
level calculator, and the dlicer. The circuit compares the 8-bit digital values
output from the ADC to the dlice level, which can be calculated by the hardware
or set in the software. It then outputs the resultsin serial Os and 1s.

The data slicer calculates the slice level (the level above which asigna is1 and
below which it is 0) from the maximum and minimum clock run-in (CRI) pulses
occurring in the interval between the settings in the CRI1SH/CRI1S and
CRI1EH/CRI1E registers.

CRI Data
HSYNC
| | [
CRILSHICRI1S |
CRI1EH/CRILE |
|

(max + min)/2 of this interval = slice level (computed in the hardware)

Figure 10-9 Data Slice Level Calculation

Table 10-7 provides the registers used to control and monitor the data slicer.

Table 10-7 Control Registers for Data Slicer

CCDO CCD1
Register | Page | Address | Address Description

CRI1SH 189 | x'03ELY X'03E31 CRI capture start timing control register 1
high

CRI1S 189 | x’03E10 x'03E30° CRI capture start timing control register 1

CRI1EH 189 | x'03E13 x'03E33 CRI capture stop timing control register 1
high

CRI1E 189 | x’03E12 X' 03E32' CRI capture stop timing control register 1

MAX 186 | x'03E03’ x'03E23' CRI interval maximum register

MIN 186 | x'03E02 x'03E22' CRI interval minimum register

SLSF 186 | x'03E0S x'03E25' VBI dataslice level register (software set-
ting)

SLHD 186 | x'03E04 X' 0324’ VBI dataslice level register (hardware
calculated)

SLCNT 185 | x'03EOY x'03E21 Slice level calculation control register

10.3.5 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 14.32-MHz ADC

sampling rate.

Table 10-8 provides the registers used to control and monitor these two blocks.
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Table 10-8 Control Registers for Controller and Sampling Circuit

CCDO CCD1
Register | Page | Address | Address Description
Registers for Detecting CRI and Generating Sampling Clock
CRI2SH 189 | x'03E1Y x'03E35' CRI capture start timing control register 2 high
CRI2S 189 | x'03E14’ x'03E34’ CRI capture start timing control register 2
CRI2EH 189 | x'03EL17 x'03E37 CRI capture stop timing control register 2 high
CRI2E 189 | x'03E16’ X' 03E36' CRI capture stop timing control register 2
CRI2FQW 188 | x’03EOD’ | x’03E2D’ | CRI frequency width register A high
CRI1IFQW 188 | x’03EQ0C x'03E2C’ CRI frequency width register A low
CRI4FQW 188 | x'03EOF x’03E2F CRI frequency width register B high
CRI3FQW 188 | x'03EQOF’ X' 03E2E’ CRI frequency width register B low
Registers for Controlling Data Capture
DATASH 190 | x'03E1Y’ x'03E39’ Data capture start timing control register high
DATAS 190 | x'03E18 x'03E38' Data capture start timing control register
DATAEH 190 | x’03E1B’ x'03E3B’ Data capture stop timing control register high
DATAE 190 | x’03E1A X' 03E3A’ Data capture stop timing control register
CAPDATAH 188 | x'03EOB’ x'03E2B’ Caption data capture register high
CAPDATA 188 | x'03EQA’ X' 03E2A’ Caption data capture register
HNUM 187 | x’03E06' x'03E26' HSY NC count register
VBIIRQ 187 | x’03EQ07 x'03E27 VBI interrupt timing control register

10.3.5.1CRI 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 pulserises and to
generate a data sampling clock.

CRI

Data

21 HSYNC
‘ LI

|
CRI2SH/CRI2S
| CRI2EH/CRIZ2E

F‘
|

I CRldetection This interval determines the sampling clock timing.

Figure 10-10 Sampling Clock Timing Determination

10.3.5.2Data Capture Control

The DATASH/DATAS and DATAEH/DATAE registers control the data capture
timing, and the CAPDATAH/CAPDATA registers store the caption data captured
on the sampling clock generated through CRI detection.

CRI Data

21 HSYNC

AR SE— r%

|

DATASH/DATAS (Sampling clock) |
|

|

"(CRI2SHICRI2S) |
[
\

DATAEH/DATAE

Figure 10-11 Caption Data Capture Timing
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10.4 Closed-Caption Decoder Registers

Table 10-9 Closed-Caption Decoder Registers

CCDO CCD1
Register | Address | Address | RIW Description
FC x'03E00’ x'03E20° R/W | VBI decoding format select register
SLCNT x'03EQ0Y’ x'03E21 R/W | Slice level calculation control register
MAX X' 03E03' x'03E23’ R CRI interval maximum register
MIN X' 03E02' x'03E22 R CRI interval minimum register
SLSF X' 03E05’ x'03E25’ R/W | VBI dataslice level register (software)
SLHD x'03E04’ x'03E24’ R/W | VBI dataslice level register (hardware)
HNUM X' 03E06’ x'03E26’ R HSYNC count register
VBIIRQ x'03EQ7 x'03E27’ R/W | VBI interrupt timing control register
ACQ1H X' 03E09’ x'03E29' R/W | ACQ capture timing control register 1 high
ACQ1 X' 03E08' x'03E28' R/W | ACQ capture timing control register 1
CAPDATAH | x’03EOB’ x'03E2B’ R Caption data capture register high
CAPDATA x' 03EO0A’ X' 03E2A R Caption data capture register
CRI2ZFQW X' 03EOD’ x'03E2D’ R CRI frequency width register A high
CRI1IFQW x'03E0C’ x'03E2C’ R CRI frequency width register A low
CRI4FQW X' 03EOF x'03E2F R CRI frequency width register B high
CRI3FQW X' 03EOE’ x'03E2E’ R CRI frequency width register B low
CRI1SH X'03E1Y x'03E31 R/W | CRI capture start timing control register 1 high
CRI1S x'03E10° x'03E30° R/W | CRI capture start timing control register 1
CRI1EH x'03E13 X'03E33' R/W | CRI capture stop timing control register 1 high
CRI1E x'03E12' x'03E32' R/W | CRI capture stop timing control register 1
CRI2SH x'03E1S x'03E35’ R/W | CRI capture start timing control register 2 high
CRI2S x'03E14 X' 03E34’ R/W | CRI capture start timing control register 2
CRI2EH x'03EL17 X'03E37 R/W | CRI capture stop timing control register 2 high
CRIZE X' 03E16' x'03E36’ R/W | CRI capture stop timing control register 2
DATASH x'03E19’ x'03E39’ R/W | Datacapture start timing control register high
DATAS x'03E18 X'03E38' R/W | Datacapture art timing control register
DATAEH x'03E1B’ x'03E3B’ R/W | Datacapture stop timing control register high
DATAE x'03E1A’ X'03E3A’ R/W | Datacapture stop timing control register
STAPH x'03E1D’ x'03E3D’ R/W | Sampling start position register (software set-
ting) high
STAP x'03E1C x'03E3C’ R/W | Sampling start position register (software set-
ting)
FCPNUMH x'03E1F X' 03E3F R Sampling start position register (hardware cal-
culation) high
FCPNUM x'03E1E’ X' 03E3E’ R Sampling start position register (hardware cal-
culation)
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Table 10-9 Closed-Caption Decoder Registers

CCDO CCD1
Register | Address | Address | RIW Description
NFSELH X' 03E41’ x'03E61 R/W | Noisefilter select register high
NFSEL x'03E40’ x' 03E60’ R/W | Noisefilter select register
FQSELH X'03E43 x'03E63’ R/W | Frequency select register high
FQSEL x'03E42' x'03E62' R/W | Frequency select register
SCMINGH x'03E45’ x'03E65' R/W | Minimum sync level detection interval set reg-
ister high
SCMING X' 03E44’ X' 03E64’ R/W | Minimum sync level detection interval set reg-
ister
BPPSTH X' 03E47 x'03E67 R/W | Backporch position register high
BPPST X' 03E46' X' 03E66’ R/W | Backporch position register
SYNCMIN X' 03E48' x'03E68’ R Minimum sync level register
BPLV X'03E49’ X' 03E69’ R Pedestal level register
SPLVH X' 03E4B’ X' 03E6B’ R/W | Sync separator level set register high
SPLV X' 03E4A’ x' 03E6A’ R/W | Sync separator level set register
CLAMPH X'03E4D’ X' 03E6D’ R/W | Clamping control register high
CLAMP x'03E4C X' 03E6C’ R/W | Clamping control register
HSEP1H X' 03E4F X' 03E6F R/W | HSYNC separator control register 1 high
HSEP1 X' 03E4E’ X' 03E6E’ R/W | HSYNC separator control register 1
HSEP2H x'03E51 X'03E71 R/W | HSYNC separator control register 2 high
HSEP2 X' 03E50’ x'03E70’ R/W | HSYNC separator control register 2
FIELDH x'03E53' x'03E73 R/W | Field detection control register high
FIELD X'03E52' x'03E72' R/W | Field detection control register
HLOCKLVH | x’03E55’ X'03E75' R/W | Sync separator detection control register 1 high
HLOCKLV X' 03E54' x'03E74' R/W | Sync separator detection control register 1
HDISTWH x'03E57 X'03E77 R/W | Sync separator detection control register 2 high
HDISTW X' 03E56' x'03E76’ R/W | Sync separator detection control register 2
VCNTH x'03E59’ X'03E79' R/W | VSYNC separator control register high
VCNT x'03E58’ X'03E78' R/W | VSYNC separator control register
HVCOND X' 03E5A' x'03E7A’ Sync separator status register
CLPCND1H | x’03E5D’ x'03E7D’ R Clamping control signal status register 1 high
CLPCND1 X'03E5C X'03E7C’ Clamping control signal status register 1
SLCNT1 x'03D7A’ x'03DFA’ R/W | Sampling frequency control register 1
SLCNT2 x'03D7B’ x'03DFB’ R/W | Sampling frequency control register 2
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FC : VBI Decoding Format Select Register x’03E00’
(FCW: VBI Decoding Format Select Register x’03E20’)
Bit: 7 6 5 4 3 2 1 0

SLPUL | CRIC [ NCRIG| CNT CNT CNT CNT CNT
SEL SEL SEL STAP4 | STAP3 | STAP2 | STAP1 | STAPO

Reset: 0 0 0 0 1 0 0 0
RW: RW RW RIW RIW RIW RIW R/W RIW

G SLPULSEL: Polarity select for the CRI cycle transition detection
- 0: Detect 0to 1 transitions

Alwaystie the bitsin FC to fixed 1: Detect 1 to O transitions

settings.

CRICSEL: Detection interval select for the CRI frequency width
0: CRI captureinterva only
1. CRI captureinterval and transition detection interval

NCRIGSEL: Sampling pulse generation interval
0: Disablethe CRI captureinterval
1. Enablethe CRI capture interval

CNTSTAP[4:0]: Caption data sampling start position
Valid range: X’ 00’ to x’ 1F

SLCNT : Slice Level Calculation Control Register x'03E01’
(SLCNTW: Slice Level Calculation Control Register x'03E21")
Bit: 7 6 5 4 3 2 1 0

FCP | SYNC | HCNT [ HCNT | SLICE | SLICE | SLICE | SLICE
SEL SEL SEL1 | SELO SEL LD2 LD1 LDO

Reset: 0 0 0 0 0 0 0 0
RW: RW RW RIW RIW R/W RIW R/W RIW

This register contains the settings for selecting either a hardware or soft-

G ware slice level. When you do not use a bit or field in this register, tie it to
u the setting indicated below.

Always tiethe bitsin SLCNT to For designs using the closed caption decoder, always tie bits 6 to 0.

fixed settings.

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)
For designs using the closed caption decoder, alwaystieit to O.

HCNTSEL[1:0]: HSYNC count value select
When thisfield is unused, tieit to b’00’.
00: When odd, add 1 to the HSY NC count value
01: When even, add 1 to the HSY NC count value
10: No change to the HSY NC count value
11: Reserved

SLICESEL: Hard/soft slice level select
0: Select hardware calculation
1. Select software setting
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SLICELD[2:0]: Slice level load timing select
When thisfield is unused, tieit to b'000'.
000: 1H100: 1 field
001: 2H101: 2 fields
010: 4H110: 4 fields
011: 8H111: 8fields

MAX : CRI Interval Maximum Register x'03E03’
(MAXW: CRI Interval Maximum Register x'03E23’)
MIN : CRI Interval Minimum Register x'03E02’
(MINW: CRI Interval Minimum Register x'03E22’)
Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

MAX7|MAX6|MAX5[MAX4|MAX3|MAX2[MAX1|MAXO| | MIN7 | MING | MINS | MIN4 | MIN3 | MIN2 [ MIN1 | MINO

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'

SLSF : VBI Data Slice Level Register (Software) x'03E05’
(SLSFW: VBI Data Slice Level Register (Software) x'03E25")
SLHD : VBI Data Slice Level Register (Hardware) x'03E04’
(SLHDW: VBI Data Slice Level Register (Hardware) x'03E24")
Bit: 7 6 5 4 3 2 1 0 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 RW R R R R R R R R

SLSF[7:0]: VBI data slice level—software setting
Valid range: X' 00" to X’ FF

SLHD[7:0]: VBI data slice level—hardware calculation
Valid range: X' 00" to X’ FF'

Composite signal
from ADC

SLHD — — _I_
MUX

SLSF

Compare ——0/1 data

SLICESEL

Figure 10-12 SLSF and SLHD Multiplexing
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HNUM : HSYNC Count Register x’03E06’
(HNUMW: HSYNC Count Register x'03E26’)
Bit: 7 6 5 4 3 2 1 0
FLSEG — — HNUM4|HNUM3|HNUM2| HNUM1|HNUMO
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R

SBFLAG: Start bit detection flag
0: No start bit detected

1. Start bit detected

HNUMI[4:0]: HSYNC count during the VBI interval
Thisfield indicates the H line number, from 0O to 25.

VBIIRQ : VBI Interrupt Timing Control Register x'03E07’
(VBIIRQW: VBI Interrupt Timing Control Register x'03E27")
Bit: 7 6 5 4 3 2 1 0
_ - | VBIIRQ|VBIIRQ|VBIIRQ| VBIIRQ | VBIIRQ
4 3 2 1 0
Reset: 0 0 0 1 1 1 1 1
R/W: R R R RW R/IW R/W R/IW RW

Thisregister allows you to time the interrupt occurring after the line 21
data capture to aline other than line 21.

VBIIRQI[4:0]: VBI interrupt timing control
Inthisfield, set the H line number, from O to 25, for the VBI interrupt. You

must set thisfield to x’ 13" or higher.

ACQ1H : ACQ Capture Timing Control Register 1 High x'03E09’
(ACQ1WH: ACQ Capture Timing Control Register 1 High x'03E29")
ACQ1 : ACQ Capture Timing Control Register 1 x'03E08’
(ACQ1W : ACQ Capture Timing Control Register 1 x'03E28")

Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
_ _ _ |ACQ1|ACQ1|ACQ1|ACQ1|ACQ1 _ _ _ |ACQ1|ACQ1|ACQ1|ACQ1|ACQ1

E4 E3 E2 E1 EO A 3 2 S1 S0

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

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

For designs using the closed caption decoder, always tie these registersto

G x'13 and x’12'.

z ACQ1E[4:0]: Stop position for ACQ capture 1
Alwaystiethe bitsin ACQ1 to Valid range: X’ 00" to x' 25’

fixed settings.

ACQ1S[4:0]: Start position for ACQ capture 1
Valid range: x’00' to x’ 25’
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CAPDATAH : Caption Data Capture Register High x’03EOB’
(CAPDATAWH: Caption Data Capture Register High x'03E2B’)
CAPDATA  : Caption Data Capture Register x’03EOA’
(CAPDATAW : Caption Data Capture Register x'03E2A")
Bit: 7 6 5 4 3 2 1 0 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 | DA6 | DA5 | DA4 | DA3 | DA2 | DA1 | DAO

Reset: 0
R/W: R R

CAPDA[15:0]: Caption data
These registers stores the 16-bit captured caption data.

CRI2FQW : CRI Frequency Width Register A High x’03EOD’
(CRI2FQWW: CRI Frequency Width Register A High x'03E2D’)
CRILFQW : CRI Frequency Width Register A x'03E0C’
(CRILIFQWW: CRI Frequency Width Register A x'03E2C’)
Bit: 7 6 5 4 3 2 1 0 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 | FQWS | FQW5 | FQW4 | FQW3 | FQW2 | FQW1 | FQWO| | FQW7 | FQWS | FQWS5 | FQW4 | FQW3 | FQW2 | FQW1 | FQW0

0 0 0 0 0 0 0

Reset: 0 0 0 0 0 0 0 0 0
R

RIW: R R R R R R R R
The CRI2FQW and CRI1FQW registers store the CRI cycles from rising
edge to rising edge, for monitoring whether the CRIs were detected cor-
rectly during this period.

CRI2FQWI7:0]: CRI frequency width 2
This field indicates the width, in clock units, from the second from last to
the third from last detected CRI rising edge.

CRI1FQWI7:0]: CRI frequency width 1
Thisfield indicates the width, in clock units, from the last to the second
from last detected CRI rising edge.

CRI4FQW : CRI Frequency Width Register B High x'03EOF’
(CRI4AFQWW: CRI Frequency Width Register B High x'03E2F)
CRI3FQW : CRI Frequency Width Register B x'03EQE’
(CRIBFQWW: CRI Frequency Width Register B x'03E2E")
Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

CRI4 | CRI4 | CRI4 | CRI4 | CRI4 | CRI4 | CRI4 | CRI4 || CRI3 | CRI3 | CRI3 | CRI3 | CRI3 | CRI3 | CRI3 | CRI3
FQW?7 | FQWS | FQWS5 | FQW4 | FQW3| FQW2 | FQW1 | FQWO| | FQW7 | FQWS | FQWS5 | FQW4 | FQW3 | FQW2 | FQW1 | FQW0

Reset: 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R

CRI4FQWI][7:0]: CRI frequency width 4
Thisfield indicates the width, in clock units, from the fourth from last to
the fifth from last detected CRI rising edge.

CRI3FQWI[7:0]: CRI frequency width 3
Thisfield indicates the width, in clock units, from the third from last to the
fourth from last detected CRI rising edge.
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CRI1SH : CRI Capture Start Timing Control Register 1 High x'03E11’
(CRILSWH: CRI Capture Start Timing Control Register 1 High x’03E3Y1’)
CRI1S : CRI Capture Start Timing Control Register 1 x’03E10’
(CRILSW : CRI Capture Start Timing Control Register 1 x’03E30’)
Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
_ _ _ _ __ |CRI1S|CRI1S|CRI1S| [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
CRI1EH : CRI Capture Stop Timing Control Register 1 High x'03E13’
(CRILEWH: CRI Capture Stop Timing Control Register 1 High x'03E33")
CRI1E : CRI Capture Stop Timing Control Register 1 x'03E12’
(CRILEW : CRI Capture Stop Timing Control Register 1 x'03E32)
Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
_ _ _ _ __ |CRI1E|CRIL1E|CRI1E| [ CRI1E | CRI1E | CRI1E| CRI1E| CRI1E | CRI1E | 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
CRI2SH : CRI Capture Start Timing Control Register 2 High x'03E15’
(CRI2SWH: CRI Capture Start Timing Control Register 2 High x'03E35’)
CRI2S : CRI Capture Start Timing Control Register 2 x'03E14’
(CRI2SW : CRI Capture Start Timing Control Register 2 x'03E34’)
Bit: 7 6 5 4 3 2 1 0 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'
CRI2EH : CRI Capture Stop Timing Control Register 2 High x'03E17’
(CRI2EWH: CRI Capture Stop Timing Control Register 2 High x'03E37’)
CRI2E : CRI Capture Stop Timing Control Register 2 x'03E16’
(CRI2EW : CRI Capture Stop Timing Control Register 2 x'03E36’)
Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
_ _ _ _ __ |CRI2E|CRI2E|CRI2E| [ CRIZE | CRIZE | 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 thisfield so that the last CRI rising edgeisincluded. Thevalid rangeis

X 000" tox' 7FF'.
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Bit:

Reset:

Bit:

Reset:
R/W:

Bit:

Reset:
R/W:

Bit:

Reset:
R/W:

DATASH : Data Capture Start Timing Control Register High x'03E19’
(DATASWH: Data Capture Start Timing Control Register High x’03E39’)
DATAS : Data Capture Start Timing Control Register x'03E18’
(DATASW : Data Capture Start Timing Control Register x'03E38")
7 6 5 4 3 2 1 0 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
0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1

R R RW RW RW RW RW RW RW RW RW RW RW

DATAS[10:0]: Start position for data capture
Set thisfield to the same start position as that for CRI detection (set in
CRI2S). Thevalid range isx’ 000’ to X' 7FF’.

DATAEH : Data Capture Stop Timing Control Register High x'03E1B’
(DATAEWH: Data Capture Stop Timing Control Register High x'03E3B’)
DATAE : Data Capture Stop Timing Control Register x'03E1A’
(DATAEW : Data Capture Stop Timing Control Register x'03E3A")
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
DATA | DATA | DATA | | DATA | DATA | 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
0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1

R RW RW RW RW RW RW RW 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
rangeisx’000' to X' 7FF'.

STAPH : Sampling Start Position Register (Software Setting) High  x’03E1D’
(STAPWH: Sampling Start Position Register (Software Setting) High  x’03E3D’)

STAP  : Sampling Start Position Register (Software Setting) x'03E1C’
(STAPW : Sampling Start Position Register (Software Setting) x'03E3C’)
7 6 5 4 3 2 1 0 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

o o o0 o0 o0 o0 o0 o o o o o o o o o
R RW RW RW RW RW RW RW RW RW RW RW

SFTSTAP[10:0]: Software setting for sampling start position (in clock units)

FCPNUMH : sampling Start Position Register (Hardware Calculation) High X'03E1F’
(FCPNUMWH: sampling Start Position Register (Hardware Calculation) High x'03E3F)
FCPNUM : Sampling Start Position Register (Hardware Calculation) x’03E1E’
(FCPNUMW: Sampling Start Position Register (Hardware Calculation) x'03E3E’)

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Fcp [ FcP [ Fcp |[ FcP [ FcP [ FcP [ Fep [ Fep | Fep | Fep | Fcp
— | — | = | = | — |NUM |NUM | NUM || NUM | NUM | NUM | NUM | NUM | NUM | NUM | NUM

10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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
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NFSELH : Noise Filter Select Register High x'03E41’
(NFSELWH: Noise Filter Select Register High x’03E61’)
NFSEL : Noise Filter Select Register x’03E40’
(NFSELW : Noise Filter Select Register x’03E60’)

Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
- - = =] == =IMNG|| — | = | = | =] =] = NFlSW NFOSW

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 RW RW

These registers select 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 settings for NFSELH and NFSEL are
x'0" and x’00'.
MING: Output select for noise filter detecting minimum sync tip
0: Low-passfilter 1
1. Low-passfilter 2, 3, or 4 (set in NFSW[1:0])

NFSWI1:0]: Noise filter switch (for composite sync separator)
00: Low-passfilter 3
01: Low-passfilter 4
10: Low-passfilter 2
11: Low-passfilter 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.

FQSELH : Frequency Select Register High x’03E43’
(FQSELWH: Frequency Select Register High x'03E63")
FQSEL : Frequency Select Register x'03E42’
(FQSELW : Frequency Select Register x'03E62’)

Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
| _|ve|VRR|VFQ|VFQ|VFQ|VFQ ||l | | | _ | R | R |F|R

DIV5 | DIV4 | DIV3 | DIV2 | DIV1 | DIVO DIV3 | DIV2 | DIV1 | DIVO

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

RIW: R R RW RW RW RW RW RW R R R R RW RW RW RW

In these registers, set the sampling cycle for separating the HSYNC and
V SYNC signals from the composite sync signal. The recommended set-
tingsarex’1F and x’01’.

VFQDIV[5:0]: Sampling frequency setting for VSYNC separator
Inthisfield, set the ratio by which to divide the sampling frequency for the
HSY NC separator.

FQDIV[3:0]: Sampling frequency setting for HSYNC separator
Inthisfield, set theratio by which to divide the A/D sampling frequency.
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SCMINGH : Minimum Sync Level Detection Interval Set Register High X'03E45’
(SCMINGWH: Minimum Sync Level Detection Interval Set Register High x'03E65’)
SCMING  : Minimum Sync Level Detection Interval Set Register x'03E44’
(SCMINGW : Minimum Sync Level Detection Interval Set Register x’03E64")
Bit: 7 6 5 4 3 2 1 0 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 cyclein thisfield in ADC clock units. Thisistheinterval
used for detecting the sync tip level for sync tip clamping. The valid range
isx’000" to X’ 7FF . Note that the HSYNC cycle set in this register isonly
used for detecting the minimum sync level. You must also set the correc-
tion HSYNC cyclein HSEP1H and HSEP1.

For the NTSC format, the settings for these registers are x’ 03’ and x’ 8E’,
calculated as follows:

(A/D sampling frequency) x (HSYNC cycle) = 14.32 MHz x 63 ps=x"03'

and x'8E'.

BPPSTH : Backporch Position Register High x'03E47’
(BPPSTWH: Backporch Position Register High x'03E67’)
BPPST : Backporch Position Register x'03E46’
(BPPSTW : Backporch Position Register x'03E66")

Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
I e N e e N R - BP | BP | BP | BP | BP | BP | BP | BP

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

RIW: R R R R R R R RIW RW RW RW RW RW RW RW RW

BPPST[8:0]: Backporch start position for the leading edge of HSYNC
Use these registers to specify the position for capturing the pedestal level
value used during pedestal clamping. Specify anumber of ADC clocks
after the leading edge of HSYNC. The valid rangeisx’ 000" to X’ 1FF', and
the recommended settings are x’00" and x’ 47

Video signal

|<—>— Set this interval in BPPSTH and BPPST

Pedestal level for BPLV register

Figure 10-13 Backporch Position Setting
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SYNCMIN : Minimum Sync Level Register x'03E48’
(SYNCMINW: Minimum Sync Level Register x’03E68’)
Bit: 7 6 5 4 3 2 1 0

SYNC | SYNC | SYNC | SYNC | SYNC | SYNC | SYNC
MIN6 [ MIN5 | MIN4 | MIN3 [ MIN2 | MIN1 | MINO

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

SYNCMIN[6:0]: Minimum sync level
Thisfield 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).

BPLV : Pedestal Level Register x'03E49’
(BPLVW: Pedestal Level Register x'03E69’)
Bit: 7 6 5 4 3 2 1 0

— BPLV6 | BPLV5 | BPLV4 | BPLV3 | BPLV2 | BPLV1 | BPLVO

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

BPLV[6:0]: Pedestal level
Thisregister stores the pedestal level captured from the position specified
in BPPSTH and BPPST.

SPLVH : Sync Separator Level Set Register High x'03E4B’
(SPLVWH: Sync Separator Level Set Register High x'03E6B’)
SPLV  : Sync Separator Level Set Register X'03E4A’
(SPLVW : Sync Separator Level Set Register x'03E6A")

Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
—_ — | BSP5 | BSP4 | BSP3 | BSP2 | BSP1 | BSPO — - PSP5 | PSP4 | PSP3 | PSP2 | PSP1 | PSPO

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

RIW: R R RW RW RW RW RW RW R R RW RW RW RW RW RW

The sync separator uses the value set in these registers to separate the com-
posite sync signal from the composite video signal.

Video signal

J— _—— Y |— — — Setting for sync
/ separator level

Composite sync processing

Figure 10-14 Sync Separator Level
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Bit:

Reset:
R/W:

Composite signal
from ADC

Compare — Composite sync

PSP

MUX —I_

BSP

CLMODE
Figure 10-15 BSP and PSP Multiplexing

BSP[5:0]: Sync separator level for pedestal clamping
Sync separator level = (sync tip level/2) + BSP[5:0]. Thevalid rangeis
x'00' tox' 1F'.

PSP[5:0]: Sync separator level for sync tip clamping
Valid range: x’00' to X’ 1F

CLAMPH : Clamping Control Register High x'03E4D’
(CLAMPWH: Clamping Control Register High x'03E6D’)
CLAMP  : Clamping Control Register x'03E4C’
(CLAMPW : Clamping Control Register x'03E6C’)
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
CL CL
— |PCLV6|PCLV5(PCLV4|PCLV3|PCLV2(PCLV1|PCLVO| | SAFE | — — \é)?\jl - — |MODE|MODE
1 0
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R RW RW RW RW RW RW RW RIW R R RIW R R RW RW

Use these registersto set the clamping mode (sync tip or pedestal clamp-
ing).
PCLV[6:0]: Pedestal clamping level setting
Set the reference level for pedestal clamping in thisfield. The valid range
isx'00" tox'1F'.
VBION: VBI setting
0: VBI off
1: VBlon

SAFE: Clamping current source select
Thishit is the capacitance switch for (5) and (6) in figure 10-5 on
page 176.
0: High current source ((5) and (6) capacity high)
1. High 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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HSEP1H : HSYNC Separator Control Register 1 High x'03E4F’
(HSEP1WH: HSYNC Separator Control Register 1 High x'03E6F’)
HSEP1 : HSYNC Separator Control Register 1 x'03E4E’
(HSEP1W : HSYNC Separator Control Register 1 x'03E6E)
Bit: 7 6 5 4 3 2 1 0 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 cyclein thisfield in HSYNC separator sam-
pling clock units. The valid rangeis x’ 000’ to X’ 7FF'.

HSEP2H : HSYNC Separator Control Register 2 High x'03E51’
(HSEP2WH: HSYNC Separator Control Register 2 High x'03E71)
HSEP2 : HSYNC Separator Control Register 2 x'03E50’
(HSEP2W : HSYNC Separator Control Register 2 x'03E70’)

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

H H H H H H H H H H
— — — — — — |CLOSE|CLOSE| | CLOSE|CLOSE|CLOSE| CLOSE|CLOSE|CLOSE | CLOSE(|CLOSE|

E9 E8 E7 E6 E5 E4 E3 E2 E1l EO

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

R/W: R R R R R R RW RW RW RW RW RW RW RW RW RW
HCLOSEE[9:0]: Start position for HSYNC detection

Set the position in HSY NC separator sampling clock units. Thevalid range
isx’000" to X' 3FF'.

FIELDH : Field Detection Control Register High x'03E53’
(FIELDWH: Field Detection Control Register High x'03E73")
FIELD : Field Detection Control Register x'03E52’
(FIELDW : Field Detection Control Register x'03E72)

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

oDD \% \ \ \Y \ \Y \Y \ \Y \
even| — — — — — |PHASE|PHASE| |PHASE|PHASE|PHASE| PHASE| PHASE| PHASE| PHASE| PHASE|

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 RW RW RW RW RW RW RW RW RW RW

ODDEVEN: Field detection signal
0: Oddfield
1. Evenfield

VPHASE[9:0]: Phase difference setting for VSYNC and HSYNC
Set the phase difference in HSY NC separator sampling clock units. The
valid rangeis x’ 000" to x' 3FF'.
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HLOCKLVH : Sync Separator Detection Control Register 1 High x'03E55’
(HLOCKLVWH: Sync Separator Detection Control Register 1 High x'03E75’)

HLOCKLV  : Sync Separator Detection Control Register 1 x'03E54’
(HLOCKLVW : Sync Separator Detection Control Register 1 x'03E74’)
Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
H H H H H H H H H

— — — — |LOCK| [LOCK |LOCK | LOCK | LOCK | LOCK [LOCK | LOCK | LOCK
Lv8 LV7 | LV6 | LVS | LV4 | LV3 | LV2 | LV1 | LVO

Reset: 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
R/W: R R R R R R R R/W RW RW RW RW RW RW RW RW

HLOCKLV[8:0]: Sync separator detection threshold
Thisvalue is compared to the count of the corrected HSYNC. Itsvalid
rangeisx’000" to X’ 1FF and recommended settings are x’ 00" and x’ 08'.

HLOCKLV < HSYNC count — asynchronous
HLOCKLV >HSYNC count - synchronous

HDISTWH : Sync Separator Detection Control Register 2 High x'03E57’
(HDISTWWH: Sync Separator Detection Control Register 2 High X'03E77’)
HDISTW  : Sync Separator Detection Control Register 2 x'03E56’
(HDISTWW : Sync Separator Detection Control Register 2 x'03E76’)
Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

| | _ | _ | _ | _ | _ |HOIST||HDIST|HDIST|HDIST|HDISTHDIST HDIST HDIST HDIST
we [[ w7 | we | ws | w4 | w3 | w2 | wl| wo

Reset: 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
RIW: R R R R R R R RIW RW RW RW RW RW RW RW RW

HDISTWI[8:0]: HSYNC count setting the interval for sync separation detection
Inthese registers, set theinterval during which sync separation occurs. The
valid rangeis x’ 000" to x’1FF'. (commend value : x’100")

VCNTH : VSYNC Separator Control Register High x'03E59’
(VCNTWH: VSYNC Separator Control Register High x'03E79’)
VCNT  : VSYNC Separator Control Register x'03E58’
(VCNTW : VSYNC Separator Control Register x'03E78’)

Bit: 7 6 5 4 3 2 1 0 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

RIW: R R R R R R R RIW R R R R R RW RW RW

VSEPSEL: VSYNC signal select
0: OH to 127H VSY NC separation mask
1: No mask

VSEPLMTI[2:0]: VSYNC separation detection threshold

HVCOND: Sync Separator Status Register x'03E5A’
(HVCONDW: Sync Separator Status Register x'03E7A")
Bit: 7 6 5 4 3 2 1 0
— — — STPN ng P VSEP HSEP [HLOCK
Reset: 0 0 0 1 1 0 0 0
R/W: R R R R R R R R

Use thisregister to monitor the status of the sync separator.
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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

CLPCND1H : Clamping Control Signal Status Register 1 High x’03E5D’
(CLPCND1WH: Clamping Control Signal Status Register 1 High x'03E7D’)
CLPCND1 : Clamping Control Signal Status Register 1 x'03E5C’
(CLPCND1W : Clamping Control Signal Status Register 1 x'03E7C’)
Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

XPED | XPE | PED PE

= = = = = T | T ||SAFPSARN|CLPPICLAN T ueT Inown| uP |Down

Reset: 0 0 0 0 0 0 0 0 1 0 1 0 1 0 1 0
R/W: R R R R R R R R R R R R R RW RW RW

These registers are for monitoring the status of the clamping current source
switch shown in figure 10-5 on page 176. An N-channel transistor is on
when the associated bit (PEDOWN, XPEDOWN, CLPN, or SAFEN) is1.
A P-channel transistor is on when the associated bit (PEDUP, XPEDUR,
CLPPR, or SAFEP) isO.

SAFP: Clamping control pulse for large high current source (P-channel)
SAFN: Clamping control pulse for large high current source (N-channel)
CLPP: Clamping control pulse for small high current source (P-channel)
CLPN: Clamping control pulse for small 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)

SLCNT2 : Sampling Frequency Control Register 2 x'03D7B’
(SLCNT2W: Sampling Frequency Control Register 2 x'03DFB’)
SLCNT1 : Sampling Frequency Control Register 1 x'03D7A’
(SLCNT1W: Sampling Frequency Control Register 1 x'03DFA’)

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

SL SL SL SL SL SL SL SL SL SL SL SL
— — | CNT2 | CNT2 | CNT2| CNT2 | CNT2 | CNT2 — — | CNT1|[CNT1|CNT1|CNT1|CNT1|CNT1

5 4 3 2 1 0 5 4 3 2 1 0

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

RW: R R RW RW RW RW RW RW R R RW RW RW RW RW RW

SLCNTZ2[5:0], SLCNT1[5:0]: Select the sampling frequency when the operating
frequency changes.

These registers allow you to keep the sampling frequency for closed-cap-
tion data from changing when the operating frequency changes. Thetable
below shows how to set SLCNT2 and SLCNT1 for particular operating
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frequencies. Note that when you change the operating frequency, you must
align other registers besides the VBI.

Table 10-10 Sampling Frequency Control Register Settings

Operating
Frequency 12 MHz 14 MHz 14.32 MHz
SLCNT2 X' 16' X 1A X' 1B’
SLCNT1 X' 1B’ X' 1B’ X OF
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11 IR Remote Signal Receiver

(1

fSYSCLK =3.58 MHz in all of the

examples and descriptionsin this
section.

11.1 Description

The MN101C46F contains aremote signal receiver that processes signalsin 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 isinput 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, Tg, starts counting. Tgisformed by dividing PWM2 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 aleader, data, and atrailer, in that order. The micro-
controller shifts received datainto the L SB of the reception data shift register,
RMSR. After it receives eight bits, it |oads the contents of RM SR to thereception
datatransfer register, RMTR.
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11.3 IR Remote Signal Receiver Operation

11.3.1 Operating Modes

The IR remote signa 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 theinterval is(n - 4Tg) to (n + 3Tg), where nisthe leader
value set inthe LD[3:0] field of the RMLD register, it processes the datain
HEAMA format. If the interval is 28 to 35 Tg cycles, it processes the datain
5-/6-bit format.

11.3.2 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 PWMS5 cycle (17.9 ps) or PWM7 cycle (71.5 ps), 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 (PWM5 or PWM?7) with the SP bit of the RMLD register.
(PWM5 is selected at reset.)

samag ||V LPEEL VP

Noise filter \)
output —
Noise eliminated
Figure 11-2 IR Remote Signal Noise Filtering
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11.3.3 8-Bit Data Reception

Resetting the 8-bit data reception counter allows the microcontroller to receive 8-
bit data, either with or without aleader. The software can reset the counter using the
BCRSTE and BCEDGS hits of the interrupt status register, RMIS. You can aso
reset the counter with 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 hit is 0, the counter resets at the first remote signal edge after each trailer
detection. Thismode is for data containing no leader. (See figure 11-3.)

8-bit data Trailer 8-bit data
signatmput ) L] LI | 1 [ I
Page 1L [1 [ 1

detection

8-bit data 8-bit data reception detection Trailer detection
ecepion (5 )6 7 X 0 (o X1 )
counter

Counter reset
Figure 11-3 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 11-4.)

8-bit data Trailer Ignored 8-bit data
Remote
ignal input T —L
Edge
detection j H ﬂ ﬂ H T H
8-bit data 8-bit data reception detection Trailer detection — Leader detection
reception 6 >< 7 >< 0 >< 1 >< 0 >< 1
counter T
Counter reset
Figure 11-4 Reception of 8-Bit Data with Leader
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11.3.4 ldentifying the Data Format

The microcontroller determines the logic levels of the data by testing the interval
between remote signal edges. Table 11-1 shows the interval s that the microcon-
troller interprets as 0 and 1 for both HEAMA and 5-/6-bit formats. Table 11-2
shows the conditions for identifying long and short data.

Table 11-1 Logic Level Conditions for Data Formats

) Logic Level Conditions
Operating Mode
Data =0 Data=1
HEAMA format <6 Tgcycles 26 Tgcycles
5-/6-bit format <12 Tgcycles 212 Tgcycles

Table 11-2 Long and Short Data Identification

Operating Mode Long Data Short Data
HEAMA format =210 Tgcycles <2Tgcycles
5-/6-bit format 220 Tgcycles <4Tgcycles

The 6-bit counter regulates dataformat detection. When the microcontroller detects
adataleader, it setsthe LONGDF hit of the clock statusregister, RMCS, to indicate
long data. Figure 11-5 is a graphic representation of all the conditions for iden-
tifying the data format.

When the microcontroller detects a datatrailer, the hardware automatically shuts

off the supply to sampling clock T, 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 32 36 40 3 64Tg
Il Il L Il L Il L L Il L Il L L L Il
Lo ‘ ‘ : : « :
Lo : : — :
3 | Leader Leader (=24 Tg)
£ b : : (When RMLD[3:0] = x'6") 3
S — : :
*= | Data Data=0(=4Ts) ! !
<§( format o . ——— ]
< | detection Lo Data = 1 (=8Tg)
w b ‘ ‘
T | Short/long 1Sh0r1 . 0
detection : Long :
| e—O
‘T | Leader iLeader (=32 Tg)
g ‘ : :
5 ‘
+ | Data Data=0(=8Tg) H H ‘
3 | format | m——— ; : ¢
E detection : : iData =1(=16Ts) |
Short/long | :Short ' o S
detection : : ' Long H :
L | : s s N
T T T T T T T T T T T (( T
0 4 8 12 16 20 24 28 32 36 40 64Ts
Figure 11-5 Conditions for Detecting Data Formats
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IR Remote Signal Receiver Operation

11.3.5 Generating I nterrupts

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.

11.3.5.1Leader Detection

Aninterrupt occurs when the circuit detects a data leader. 1t detects leaders by
testing the interval between remote signal edges. Table 11-3 shows the con-
ditions.

Table 11-3 Leader Detection Conditions

Format Edge Interval
HEAMA data leader (n- HTg<interval < (n+4HTg D
5-/6-bit data leader 28Tg<interval < 36Tg

Note: 1. n=theleader value set in LD[3:0] of the RMLD register.

11.3.5.2Trailer Detection
An interrupt occurs when the 6-bit counter overflows.

11.3.5.38-Bit Data Reception Detection
Aninterrupt occurs when the microcontroller loads 8-bit received datato the
reception data transfer register, RMTR.

11.3.5.4Pin Edge Detection
Aninterrupt 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 :

————

Ufsyscik 1ffsyscLk
Note: l/fSYSCLK =1/3.58 MHz = 0.28 s
Figure 11-6 Pin Edge Detection

The detection output for all four interrupt vectorsis an active high pul se asserted
at intervals of Ufgy g k- Bits 3 to 0 of the RMIR register control the interrupt
vectorsindividualy. A 0 disables the interrupt vector and a 1 enablesit.

A remote signal interrupt setsthe RMCIR flag of the RMCICL interrupt register
(X' 00FC76').
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IR Remote Signal Receiver Control Registers

The edge detection circuit samples
the remote signa with fgy 5o . Set
the frequency divide-by ratio to
meet this condition. If you do not,
the microcontroller may interpret
the data 1s and Os incorrectly.

(1

After the program sets the divide-by
ratio for the frequency in RMTC,
the read values may beincorrect
until the circuit detects the next
active edge of the remote signal.

11.4 IR Remote Signal Receiver Control Registers
Table 11-4 IR Remote Signal Receiver Registers
Register Address | R/IW Function

RMTC x'03EA4 R/W | Remote signal frequency division control register

RMIR X' 03EA2 R/W | Remote signal interrupt control register

RMIS X' 03EAQ R/W | Remote signal interrupt status register

RMLD x'03EAC’ R/W | Remote signal leader value set register

RMCS X'03EA6’ R Remote signal clock status register

RMSR X'03EA8 R Remote signal reception data shift register

RMTR X' 03EAA’ R Remote signal reception data transfer register

RMTC: Remote Signal Frequency Division Control Register x'03EA4’

Bit: 7 6 5 4 3 2 1 0

RMTC7 | RMTC6 | RMTC5 | RMTC4 [ RMTC3 | RMTC2 [ RMTC1 | RMTCO

Reset: 0 0 0 0 0 0 0 0
RW: RW RW RIW RIW R/W RIW RIW RIW

To identify the remote signal, the IR signal receiver generates a sampling
clock, Tg, by dividing the PWM2 pulse by the value set in RMTC[7:0].
frwmz iSfsyscLk divided by 23 (= 447.5 kHz and 2.2 us with a4-MHz
oscillator). The T cycleisthe contents of RMTC + 1 in normal mode or
the contents of RMTC + 2 in Slow mode, so load avalue from 1 to 255 to
set adivision 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 theRMTC valuesothat Tg = T/2, where T isthe pulse width of the remote
input signal. Table 11-5 shows how to define T for the different formats.

Table 11-5 HEAMA and 5-/6-Bit Data Pulse Widths

L

H
Data = 0: T T
Data = 1: T 3T |

Data = 0: 2T 2T

Data = 1: 2T 6T

RMTC isan 8-bit access register.

HEAMA format

5-/6-bit format

Panasonic Semiconductor Development Company

MN101C46F LS| User Manual
205

Panasonic



IR Remote Signal Receiver
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RMIR: Remote Signal Interrupt Control Register x'03EA2’
Bit: 7 6 5 4 2 1 0
MOD MOD | FILTR POL |LEADER|TRAILR| DAT8 | EDME
AUTO SEL E SEL E E E
Reset: 0 0 0 0 0 0 0
R/W: R/W RW RIW RW R/IW R/W R/W RIW

RMIR controls the operating modes and interrupt operations for the
receiver circuit. It is an 8-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: Pinleve
1: Noisefilter

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'03EAQ’

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 0 0 0 0 0 0
RW: RW RW R RIW R/W RIW R/W RIW

RMIR indicates the detection and operation status of remote signal inter-
rupts. It is an 8-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

MS56BITD: Interrupt request on 5-/6-bit leader detection
0: Norequest
1. Request

TRAILRD: Interrupt request on trailer detection
0: Norequest
1: Request

DATS8D: Interrupt request on 8-bit reception detection
0: No request
1. Request

EDGED: Interrupt request on RMIN pin edge detection
0: Norequest
1. Request
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RMLD: Remote Signal Leader Value Set Register x'03EAC’
Bit: 7 6 5 4 3 2 1 0
SP — — — LD3 LD2 LD1 LDO
Reset: 0 0 0 0 0 1 1 0
R/W: R/W R R R RIW RW RIW RIW

RMLD isan 8-bit access register.

SP: Noise filter sampling cycle

‘ 0: PWMS5 (17.9 ps) (Fppms = fsyscLk/2%)
u 1. PWM7 (715 |JS) (fPVVM7 = fSYSCLK/28)
Do not set the leader value too LD[3:0]: HEAMA data leader value
small. L eader detection and data Set the four M SBs of the 6-bit |eader value for HEAMA datain LD[3:0].

detection may occur Smulta- This 4-bit setting must be between 0 and 63 T cycles. The defauilt valueis

neously.
X'6. Thetwo L SBs of the leader are always 0.
RMCS: Remote Signal Clock Status Register x'03EA6’
Bit: 7 6 5 4 3 2 1 0
LONG | SHORT | 75CNTS| TSCNT4| TSCNT3| TSCNT2{ TSCNTL|TSCNTO
Reset: 0 0 0 0 0 0 0 0
RIW: RW RW R R R R R R
RMCS indicates the result of the short/long data detection. It is an 8-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'03EAS8’
Bit: 7 6 5 4 3 2 1 0
RMSR7 | RMSR6 | RMSR5 [ RMSR4 | 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' 03EAA’
Bit: 7 6 5 4 3 2 1 0
RMTR7 | RMTR6 | RMTR5 | RMTR4 | RMTR3 | RMTR2 | RMTR1 | RMTRO
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R
The microcontroller shifts received datainto RM SR, converting it to paral-
lel data. After it shiftsin 8 bits, it loads the data byteto RMTR. The CPU
reads the data from RMTR. The data shifts from LSB to MSB.
RMSR and RMTR are 8-bit access registers.
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12 ROM Correction

12.1 Description

The ROM correction function can correct the program datain any address within
the 96-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 compl ete.

The ROM correction function has numerous 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 theinternal 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
i correction |
| ! required? !
I I
A i Necessary i
ROM ! software settings i
ROM 1 1
address correction i Set up the |
! correction data |
= e
Y Y :
Instruction Instruction | Enable the |
counter fetch ! correction function !
| > |
CPU
Y

( Main )

Figure 12-1 ROM Area Schematic Diagram Figure 12-2 ROM Correction Flow
Asfigure 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 shownin
figure 12-2.) Once thisis 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 isablock 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 replacesthe
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
\ \ ¢
C:(;:jerce:tslt;n Correction
match data ROM
- registers
registers
Correction 4 Correction
address data
\ \ ] \ \
Match ROM correction
»|  detection > MUX (selector) -t enable
circuit registers
A\
1P CPU

Figure 12-3 ROM Correction Block Diagram

12.3 Programming Considerations

At reset, the ROM correction address match and data registers contain all Os.
Since areset also disables ROM correction (in ROMCEN), the ROM wiill 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
(eight bits). You cannot write to individual bits.

The ROM correction function cannot be emulated in ICE mode.
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ROM Correction Control Registers

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,
AMCHIMn, and AMCHILn register trio and write the corrected data to the asso-
ciated CHDATN register. Enable ROM correction for the associated addressin
the ROMCEN register.

Table 12-1 ROM Correction Address Match and Data Registers

ROM Address

Address Match Register

High

Middle

Low

Data Register

Address 0

AMCHIHO x’ 03F90’

AMCHIMO x’03F71’

AMCHILO x’ 03F70’

CHDATO x’ 03FDO’

Address 1

AMCHIH1 x’03F91’

AMCHIM1 x’'03F73

AMCHIL1 x'03F72

CHDAT1 x'03FDY’

Address 2

AMCHIH2 x’03F92’

AMCHIM2 x’ 03F75’

AMCHIL2 x’03F74'

CHDAT2 x’03FD2

Address 3

AMCHIH3 x’ 03F93’

AMCHIM3 x’03F77

AMCHIL3 x’ 03F76’

CHDAT3 x’03FD3

Address 4

AMCHIH4 x’ 03F94’

AMCHIM4 x’ 03F79

AMCHIL4 x’'03F78’

CHDAT4 x’ 03FD4'

Address 5

AMCHIHS5 x’03F95’

AMCHIMS x’ 03F7B’

AMCHILS x'03F7A

CHDATS5 x’ 03FD5’

Address 6

AMCHIH6 x’ 03F96’

AMCHIMG6 x’ 03F7D’

AMCHIL6 x’ 03F7C’

CHDATG6 x’ 03FD6’

Address 7

AMCHIH7 X’ 03F97’

AMCHIM7 x’'03F7F

AMCHIL7 x'03F7E’

CHDAT7 x’03FD7’

Address 8

AMCHIHS8 x’ 03F98’

AMCHIMS8 x’ 03F81’

AMCHILS x’ 03F80’

CHDATS8 x’03FD8’

Address 9

AMCHIH9 x’ 03F99’

AMCHIM9 x’ 03F83'

AMCHIL9 x’ 03F82’

CHDAT9 x’03FD9Y

Address 10

AMCHIHA x 03F9A’

AMCHIMA x' 03F85’

AMCHILA x’'03F84’

CHDATA x'03FDA’

Address 11

AMCHIHB x’03F9B’

AMCHIMB x’ 03F87’

AMCHILB x’03F86’

CHDATB x’'03FDB’

Address 12

AMCHIHC x’03F9C’

AMCHIMC x' 03F89'

AMCHILC x’ 03F88'

CHDATC x'03FDC’

Address 13

AMCHIHD x’ 03F9D’

AMCHIMD x’03F8B’

AMCHILD x’03F8A’

CHDATD x’03FDD’

Address 14

AMCHIHE x’' 03F9E’

AMCHIME x’ 03F8D’

AMCHILE x’03F8C’

CHDATE x’03FDE’

Address 15

AMCHIHF x’ 03F9F

AMCHIMF x’ 03F8F

AMCHILF x’ 03F8E’

CHDATF x’ 03FDF’

Note: All registersresetto 0.

ROMCENH: ROM Correction Enable Register High x'03F3F
ROMCEN: ROM Correction Enable Register x'03F3E’

Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
RCEN | RCEN | RCEN [ RCEN | RCEN | RCEN [ RCEN | RCEN | [ RCEN [ RCEN | RCEN [ RCEN | RCEN | RCEN | RCEN | RCEN

H7 H6 H5 H4 H3 H2 H1 HO 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

RCENHnN: Address n ROM correction enable (n = 15-8)
0: Disable

1: Enable

RCENN: Address n ROM correction enable (n = 7-0)
0: Disable

1: Enable
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AMCHIHNn: ROM Correction Address Match Register n (High)  x’03F90’ to x’03F9F’

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

17 16

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

AMCHIHnN are 8-bit accessregisters. (n = 0-F)
CHAnN[17:16]: Correction address bits A17 to A16 (A17 = MSB)

AMCHIMn: ROM Correction Address Match Register n (Middle) x'03F71’ to x’03F8F’

Bit: 7 6 5 4 3 2 1 0
CHAn | CHAn | CHAn | CHAn | CHAn | CHAn | CHAn | CHAn

15 14 13 12 ik 10 9 8

Reset: 0 0 0 0 0 0 0 0

RW: RW RW RIW RIW RIW RIW RIW RIW

AMCHIMn are 8-bit access registers. (n = 0-F)
CHAnN[15:8]: Correction address bits A15 to A8

AMCHILNn: ROM Correction Address Match Register n (Low)  x’03F70' to x'03F8E’

Bit: 7 6 5 4 3 2 1 0
CHAn | CHAn | CHAn [ CHAn [ CHAn | CHAn | CHAn | CHAn

7 6 5 4 3 2 1 0

Reset: 0 0 0 0 0 0 0 0

RW:  RW RW RIW RIW RIW RIW RIW RIW

AMCHILnN are 8-bit access registers. (n = 0-F)
CHAnN[7:0]: Correction address bits A7 to AO

CHDATON: ROM Correction Data Register n X'03FDO’ to x’03FDF’

Bit: 7 6 5 4 3 2 1 0

CHNn7 | CHNG | CHN5 | CHN4 | CHn3 | CHN2 | CHnl | CHnO

Reset: 0 0 0 0 0 0 0 0
RW:  RW RW RW RW R/IW R/W R/IW RW

CHDATN are 8-bit access registers. (n = 0-F)
CHnN7: Correction data D7
CHn6: Correction data D6
CHn5: Correction data D5
CHn4: Correction data D4
CHn3: Correction data D3
CHn2: Correction data D2
CHn1: Correction data D1
CHnO: Correction data DO
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13 12C Bus Controller

13.1 Description
The MN101C46F contains one 1°C bus controller, fully compliant with the 12C
specification, that can control one of two 12C bus connections.

AN I%C busis asimple, two-wire bus for transferring data between ICs. Since it
requires only a serial dataline (SDA) and a serial clock line (SCL), it minimizes
interconnections so ICs have fewer pins and there are fewer PCB tracks. The
result isa smaller and less expensive PCB. Figure 13-1 shows atypical 12C bus
application.

MCU 1

MCU 2

Data line (SDA)

Clock line (SCL)

Display

Serial memory

Figure 13-1 Example of 1°C Bus Application

In an 12C bus system, devices are considered masters or slaves when performing
datatransfers. A master is adevice that initiates a data transfer on the bus and gen-
erates the clock signalsto permit that transfer. At that time, al devices addressed
are considered slaves. Table 13-1 defines some 1°C bus terminology.

Table 13-1 I°C Bus Terminology

Term Description
Transmitter A device that sends data to a bus
Receiver A device that receives data from abus
Master A device that initiates atransfer, generates clock signals, and terminates a
transfer
Slave A device addressed by a master
Multimaster More than one device capable of controlling the bus can be connected to the

bus and 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 A procedure to ensure that, if more than one master simultaneously tries to
control the bus, only oneis allowed to do so and the message is not corrupted.
The device that loses arbitration becomes the slave of the device that wins.

Synchronization | A procedure to synchronize the clock signals of two or more devices
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Figure 13-2 shows an example of an 12C bus configuration using two microcon-
trollers. Both 12C buslines, SDA and SCL, are bidirectional and connected to a
positive supply voltage viaa pullup resistor. The open-drain output pins of the
microcontrollers perform the wired-AND function on the bus. Software controls
whether a microcontroller operates as a transmitter or receiver, and whether it is
in master or slave mode.

Py Py VDD

Pullup R
resistors

Data line (SDA)

Clock line (SCL)

1
iIClock output —|

Data
output —

Data input

1
1
1
— 1
1
1
Clock input < | Clock input <
1
1
1

Device 1 Device 2

Figure 13-2 Connection of Two Microcontrollers to the I°C Bus

Table 13-2 describes the four operating modes for devices on the 12C bus.

Table 13-2 Operating Modes for Devices on an I°C Bus

Operating Mode Description

Master transmitter The device that generates the serial transfer clock (SCL) signal and trans-
mits serial datato a slave device in sync with SCL

Master receiver The device that generates the SCL signal and receives serial datafrom a
slave device in sync with SCL

Slave transmitter A device that transmits data in sync with the SCL signal from the master

Slave receiver A devicethat receives datain sync with the SCL signal from the master
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Figure 13-3 shows the MN101C46F operation sequence in each of these modes.
In all modes, the 12C bus controller generates an interrupt after each data byte

transfer. The software then loads the next data byte.

Interrupt Interrupt Interrupt
MN102H51K R/W =0
Address ) ]
@ S | 7bits) |RW 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
@ S | @bits) |RW ACK ACK| P

Slave ACK| Data (8 bits) Data (8 bits)

B. Master Receiver

RIW =1
pd Ack =0 Ack =1
Master | s |Address pny ACK ACK| P
(7 bits)

@ 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
i

Address . f
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 sets to 1.

D. Slave Receiver

Figure 13-3 I°C Bus Interface Operation
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13.2 Block Diagram

SDA |

SCL

Digital
filter
¢ ’ Bus buffer ‘47
Parallel-to-serial T l T
| MS%Transmission data re iSter‘LSB‘
Data bus converter i g
controller Serial-to-parallel roro T
—> conveﬁ)'ter %MS% Reception data register‘LSB‘
’ Address comparator ‘
Digital R
A | filter N Address register ‘4'
L 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 ‘#

|

Bus busy logic
Arbitration logic
Clock prescaler

Register control
I2C sequence controller

Figure 13-4 I°C Bus Controller Block Diagram

13.3 Functional Description
The 12C 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

D[14 :0]

Register | Page | Address Description
12CDTRM 224 | x’03E80 I2C transmission data register
12CDTRMH 224 | x’03E8Y 1°C transfer control register
12CDREC 224 | x’03E82 1°C reception data register
12CDRECH 224 | x’03E83 1°C mode register
12CMYAD 225 | x’03E84 12C self address register
12CCLK 225 | x’03E86’ 1%C clock control register
12CBRST 226 | x’03E88 12C bus reset register
12CBSTS 226 | X’O3E8A 12C bus status register

®  Arbitration and bus busy control
The 12C 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.
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¢ Busbusy: Checked by the hardware. This eliminates the need for the
software to check whether the busis busy. The program can request a
transfer to the 1°C bus at any time.

m  Conversion of register settings to 1’c protocol
The 1°C bus controller converts the datain the I2CDTRM register to the 1°C
protocol.

m  Changes of transfer mode
A write to the 2CDTRMH register indicates the transfer mode (master trans-
mitter/receiver or slave transmitter/receiver) for anew transfer. To minimize
software control, the hardware generates an interrupt each time a transfer ends.
During interrupt servicing, the SCL line stays low, then clearsto high on awrite
to I2CDTRMH. (When the microcontroller is aslave transmitter and the transfer
ends, SCL goes high on aread to the [2CDRECH register after an ACK =1
(negative acknowledge) interrupt.)

®  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 12C 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 awrite to the I2CBRST register), the 1%C bus con-
troller can force the SCL line to reset to low when a bus error occurs. This resets
the entire 12C bus controller circuit, leavi ng the microcontroller in slave receiver
mode. It does not change the contents of the I2CMYAD and I12CCLK registers.

m  Clock frequency adjustment
The 12CCLK register setsthe serial clock frequency, allowing synchronization
with low-speed devices. With a 3.58 MHz oscillator, the maximum setting is 100
kHz and the minimum setting is 10 kHz.

®  Bus state monitoring
With the I2CBSTS register, the 12C bus controller determines the logic levels of
the SCL and SDA lines.
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13.4 Setting up the 1C Bus Connection
Set the 1%C connection in the I2CSELO and 12CSEL 1 bits of the PCNTO register
(X'03F4A’). 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 the 12C function. You must also select the 12C

function in the port mode registers. For 12C bus connection 0, set bits 0 and 1 of
the PAMD register (x' 03F2C’). For 1%C bus connection 1, set bits 1 and 2 of the

POMD register (x' 03F28').

Table 13-4 shows the register settings required to use either SDAO/SCLO or
SDAL/SCL1 aone; 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 03F28) 1 0 (selects PO1) 1 (selects SDA1)
2 0 (selects PO2) 1 (selects SCL1)
PAMD (x' 03F2C") 0 1 (selects SDAQ) 0 (selects P60)
1 1 (selects SCLO) 0 (selects P61)
PCNTO (x 03F4A’) 8 | 1(enables SDAO, SCLO) 0 (disables SDAO, SCLO)
9 | O(disables SDA1, SCL1) 1 (enables SDA1, SCL1)

Port control register 0
X'03F4A’ bits 7-6

12CSELO
1l:on
0: off

@,ﬁ/%o—m SDA 0

C
~ | ] spaL

SDA OUT ) [« q %_

Port control register 0
X'03F4A’ bits 7-6
12CSELO

((V/(,—o—D SCLO
@(:4('/0—-»4] scL1
SCL OUT ] E‘I‘_ q %_

Figure 13-5 Pin Control Circuit for the 12C Bus Controller

SDA IN

12C
Circuit

SCLIN

MN101C46F LS| User Manual Panasonic Semiconductor Development Company

218

Panasonic



12C Bus Controller
SDA and SCL Waveform Characteristics

13.5 SDA and SCL Waveform Characteristics

SDA

SCL

taue

b

Figure 13-6 and table 13-5 provide the timing definitions and specifications for

the MN101C46F 12C businterface.
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Figure 13-6 SDA and SCL Waveforms
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Table 13-5 SDA and SCL Waveform Characteristics

t e
SUISTP |

o/ ]

Parameter Symbol | Min Max Unit
SCL clock frequency fsoL 0 100 kHz
Bus free time between a stop and start condition tgur 20 — us
Hold time (repeated) start condition typ:sTA 4.0 —
Low period of the SCL clock tow 4.7 —
High period of the SCL clock tHiGH 4.0 —
Setup time for arepeated start condition tsu:sTa: 300 —
Data hold time tup:-DAT 250 — ns
Data setup time tsu-DAT —
SDA and SCL risetime tr — 1000
SDA and SCL fall time te — 300
Stop condition setup time tsy-sTP 4.0 us
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13.6 12C 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

To set up the I/O port:
Set port control register 0 (PCNTO; x’ 03F4A") to x’ 40" (enabling the SDAO and

SCLO pins) and set the port 4 output mode register (P4AMD; x’ 03F2C’) to x’ 06’
(selecting the SDAO and SCL O functions).

To enable I°C interrupts:
Set the 1°C interrupt control register I2CICR (x' 03FF6') to X’ 02'.

To set up the I°C registers:
1. Setthel2CCLK register (x’ 03E86') to x’ AD’, selecting aclock frequency of
10 kHz.

2. Setthe I2CDTRM register (x'03E80") to x'FD' and I2CDTRMH (x’' 03E81)
tox’05'. ThissetsSTA to 1, STPt0 0, and ACK to 1. Bits 7 to 1 of the trans-
mission data setting (x'FD') indicate the address (b'1111110") of the slave
device from which the microcontroller will request the data, and bit O indi-
cates 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, the 1°C bus controller
generates an interrupt. At this point, implement the following settings:

To set up the interrupt:
Set the 12CICR register (X 03FF6’) to x’02'. This enables 1°C interrupts and

clears the previous interrupt request.

To set up the I°C registers:
1. Readthe |2CDREC register (x’ 03E82") and the I2CDRECH register
(x' 03E83') to determine the 1°C bus controller status.

2. Sincethe microcontroller will become areceiver on the next operation, set
the 2CDTRMH register (x’ 03E81") to x’00’. This sets STA, STP, ACK, and
the transmission data to Os. With this setting, the microcontroller returns an
ACK =0 signal on the ninth clock.
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13.6.1.3Setting up the Second Interrupt

When the microcontroller receivesthe datax’ 85 from the slave device, it returns
an ACK =0 signal and the 1C bus controller generates an interrupt. At this point,
implement the following settings:

®  To set up the interrupt:
Set the I2CICR register (X' 03FF6') to x’ 02'. This enables 1°C interrupts and

clears the previous interrupt request.

m  To set up the I°C registers:
1. Readthe |2CDREC register (x' 03E82") and the I2CDRECH register
(x' 03E83') to determine the 1°C bus controller status.

2. Since the communication will end when the microcontroller receives the
next data byte, set the ”2CDTRMH register (x’ 03E81’) to x’01’. This sets
STA to 0, STPto 0, ACK to 1, and the transmission datato 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’ 033’ from the slave device, it
returnsan ACK =1 signal and the 12C bus controller generates an interrupt. At
this point, implement the following settings:

m  To set up the interrupt:
Set the I2CICR register (X' 03FF6’) to x’02'. This enables 1’C interrupts and

clears the previous interrupt request.

m  To set up the I°C registers:
1. Readthe|2CDREC register (x’ 03E82’) and the I2CDRECH register
(x’03E83') to determine the 12C bus controller status.

2. Sincethetransfer has ended, set the I2CDTRMH register (x’ 03E81’) to
X'03'. Thissets STA to 0, STPto 1, ACK to 1, and the transmission data to
x'00’. With this setting, the microcontroller issues a stop condition and frees
the bus.

Data
(slave address)

SDA

scL i

Note: The circled areas are signals output from the MN101C46F.

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

dlave receiver to slave transmitter. Figure 13-8 shows an example waveform.

13.6.2.1Pre-configuring

To set up the I/O port:

Set port control register 0 (PCNTO; x’ 03F4A") to X’ 80" (enabling the SDA1 and
SCL 1 pins) and set the port 0 output mode register (POMD; x' FFFC') to x’ 06’
(selecting the SDA1 and SCL 1 functions).

To enable I1°C interrupts:
Set the 12CICR register (X’ 03FF6’) to x’02'.

To set up the I°C registers:
1. Setthel2CMYAD register (x’ 03E84’) to x’' 24’ . This sets the slave address
of the microcontroller.

2. Setthel2CDTRMH register (x'03E81') to x’00'. Thissets STA, STR, 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 adavereceiver toa
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 12CICR register (x' 03FF6') to x’ 02'. This enables 1°C interrupts and
clears the previous interrupt request.

To set up the I2C registers:
1. Readthe|2CDREC register (x’ 03E82’) and the I2CDRECH register
(x' 03E83') to determine the 12C bus controller status. AAS should be 1.

2. Setthel2CDTRM register (x’ 03E80’) to x'55' and the I2CDTRMH register
(X’03E81') tox’'01’. Thissets STA to 0, STPto 0, ACK to 1, and the trans-
mission datato x’55’. The microcontroller does not need to issue an ACK
signal in thistransfer, 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 I2CICR register (X' 03FF6') to x’ 02'. This enables 1°C interrupts and
clears the previous interrupt request.

m  To set up the 1’c registers:
1. Readthe |2CDREC register (x’ 03E82") and the I2CDRECH register
(x’03E83') to determine the 12C bus controller status. The previous read
from I12CDREC cleared the AAS, so AAS should be 0.

2. Setthe I2CDTRM register (x’ 03E80’) to X’ AA’ and the I2CDTRMH regis-
ter (X’ O3E81") tox’01’. Thissets STA to 0, STPto 0, ACK to 1, and the
transmission datato x’ AA’. The microcontroller does not need to issue an
ACK signal in thistransfer, 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: Thecircled areas are signals output from the MN101C46F.

Figure 13-8 Waveform for Slave Receiver Transitioning to Slave Transmitter
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Bit:

13.7 12C Bus Interface Registers

I2CDTRMH: I2C Transmission Data Register High x'03E8Y
I2CDTRM: I°C Transmission Data Register x'03E80’
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

— STA | STP | ACK DT7 | DT6 | DT5 | DT4 | DT3 | DT2 | DT1 | DTO

Reset:

(1

SCL isheld low during interrupt
servicing, and is cleared high by a
writeto I2CDTRM.

Bit:

Reset:
RW:

o o0 o0 o0 o0 o0 o0 o0 o0 o o o o o o o
R R R R R RW RW RW RW RW RW RW RW RW RW RW

STA: I2C start control

STP: I2C stop control
Writing to the STA and STP 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 STP Settings

STA | STP Mode Function Description
0 0 |All NOP No state change
1 1 (Al NOP No state change
1 0 |Slavereceiver Start Change to mode indicated by R/W bit.

Master transmitter Repeat start R/W = 0: Change to master transmitter
R/W = 1: Change to master receiver

0 1 |Slavereceiver Stop read Change to slave receiver after stop condi-
Master transmitter Stop write tion.

ACK: Acknowledge signal output control
The acknowledge signal is output after every byte transfer, on the ninth
clock pulse. ACK isnormally 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 datain thisfield is converted to serial datafor transmission to

the 12C bus. It is shifted out MSB first to the interface.

I2CDRECH: 1°C Reception Data Register High x'03E83
I2CDREC: 1°C Reception Data Register x'03E82’
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
—_ MOlDE M%DE STS | LRB | AAS | LAB | BB DT7 | DT6 | DT5 | DT4 | DT3 | DT2 | DT1 | DTO
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

R R R R R R R R R

The I2CDRECH register contains the status bits for monitoring the device.
The |2CDREC register contains the reception data. I2CDRECH and
|2CDREC are read-only registers.

MODE([1:0]: I°C device mode
This field indicates which 12C mode the microcontroller isin. MODE1
indicates dave or master, and MODEQ 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
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(

To conform to the specification, the
clock signal must be between 0 and
100 kHz. To satisfy thisrequire-
ment, always set I2CCLK to x’'0C’
or higher.

STS: Stop condition at slave receiver
Set to 1 when a stop condition is detected while the microcontroller isin
slave receiver mode.

LRB: Last received bit.
Storesthe last serial data bit received. LRB normally indicates the ACK

cycle data.

AAS: Addressed as slave
Set to 1 when the dave 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 I2CDRECH register.

LAB: Lost arbitration bit
Set to 1 when the microcontroller loses abus arbitration. LAB resets when
|2CDTRMH indicates a start condition (STA = 1).

BB: Bus busy bit
A start condition on the bus setsthis flag to 0, and a stop condition resetsit
to 1. The microcontroller considers the bus to be busy aslong asBB = 0.

D[7:0]: Received data
The serial data received from the 12C busis shifted into this field MSB

first.
I2CMYAD: 1°C Self Address Register x'03E84’
Bit: 7 6 5 4 3 2 1 0

— A6 A5 A4 A3 A2 Al A0

Reset: 0 0 0 0 0 0 0 0
RIW: R RW RIW RIW RIW RW RIW RIW

A[6:0]: Microcontroller address
Thisregister isformed 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 amatch occurs, AASis set to 1.

I2CCLK: I2C Clock Control Register x'03E86’

Bit: 7 6 5 4 3 2 1 0

c7 C6 C5 C4 c3 c2 C1 Cco

Reset: 0 0 0 0 0 0 0 0
RW: RW RW RW RIW RIW RW RIW RW

C[7:0]: Output clock frequency select
This 8-bit field determines the SCL output. With a 3.58-MHz system
clock, calculate the frequency asfollows:

3.58 MHz

fscL = 2 x (Register setting+6)
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In this case, the following C[7:0] settings apply:
X'0C: 994kHz x'1E: 49.7kHz
X'OE’: 895kHz x'27': 39.8kHz
x'10": 8l4kHz x'036': 29.8kHz
xX'14: 68.8kHz x'54': 19.9kHz
x'18: 59.7kHz x'AD’: 10.0kHz

I2CBRST: 1°C Bus Reset Register x'03E88’
Bit: 7 6 5 4 3 2 1 0
— — — — — — BRST
Reset: 0 0 0 0 0 0 0 1
RIW: R R R R R R R RIW

BRST: Bus reset
When a serious bus error occurs, this bit can be set to 0, forcing the clock
line low and resetting the 12C bus. This function worksin all 12C modes.
After aforced reset, the microcontroller isin slave receiver mode. Thisreset
does not change the contents of the I2CMYAD and 12CCLK registers.
0: Forcebusto reset

1. Steady state
I2CBSTS: I12C Bus Status Register x’03E8A’
Bit: 7 6 5 4 3 2 1 0
— — — — — — SDAS | SCLS
Reset: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R

I2CBSTSisatwo-hit, read-only register that monitors the status of the 1°C
bus.

SDAS: SDA data line status
This bit monitors the state of the 1°C dataline, SDA.

SCLS: SCL clock line status
This bit monitors the state of the 12C clock line, SCL.
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14 Pulse Width Modulator

14.1 14-Bit Pulse Width Modulator
The MN101C46F has a 14-hit pulse width modulator (PWM). The PWM hasa
resolution of 14 bits, a minimum pulse width of 2/fsy 5| k. and acycle of

2 pwn-

14.1.1 14-Bit PWM Description

The following description assumes an internal oscillation frequency fgy 5o  Of
3.58 MHz. Figure 14-1 shows a block diagram of the 14-bit PWM. Transfer the
14-bit waveform data written in 14-bit PWM dataregisters TDCHR and TDCLR
to 14-bit PWM datalatches TDCHL and TDCLL respectively by setting bit 11 in
14-bit PWM control register TDCC. Since the clock divided by PWM isused as
the clock for remote control, PWM must be engaged when using the remote
signal receiver.

DATA BUS

\, , /7 /2
v A
PWM PWM control register
TDCLR (X'03E9E’) dataregister ~ TDCHR (X03E9F) TDCC (x'03E9C’)
) 7 /7
< X
PWM
TDCLL (X'03E9E’) data latch TDCHL (x'03E9F')

/7

>

v 42 7 Mixer
Pulse adder PWM output circuit > ﬂ PWM

A A

|7 |7

fown »| CK PWM

14-bit counter

fPWM = fSVSCLK/ 2
Notes: 1. Minimum pulse width: 2/fgy 5o k = 0.56 ps
2. Repeat cycle: 2'/fpyyy = 715 Us
Figure 14-1 14-Bit PWM Block Diagram
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14.1.2 14-Bit PWM Output Waveforms

Figure 14-2 shows the 14-bit output waveform. (This example assumes fgy gcp k
=3.58 MHz.) The PWM output modulated by the 14-bit PWM’s high-order 7
bits (TDCHR data) whose cycleistgg (71.5 us) is overlapped with an added
pulse whose minimum pulse is at the 128 types of positions set by the 14-bit
PWM low-order bits (TDCLR data) and then output.

tsTD

Figure 14-2 14-Bit PWM Output Waveform

Figure 14-4 shows the relationship of thetg g (71.5 ps) cycleto the PWM output
of the high-order 7-bit TDCHR data. Table 14-1 shows the relationship of the
position of the added pulse overlapped by the TDCLR data (low-order 7 bits of
the 14-bit PWM data). Figure 14-4 shows the output waveform diagram..

TDCHR data tsug = 71.5 ps (fsvscik = 3.58 MHz)
- -

(7F) —

(7€) _I

(70) —|
(1F)

o L

(00) —>|_<—

Minimum pulse width
(0.56 ps)

Figure 14-3 tgyg PWM Output Waveform

Table 14-1 Added Pulse Overlapping Position

TDCLR Data Pn on which Added Pulse Is overlapped (n =0 to 127)
7F 127
7E 63, 127
7D 31, 95,127
7C 31, 63, 95, 127
7B 15, 47, 79, 111, 127
7A 15, 47, 63, 79, 111, 127
01 0to 127 (except 63)
00 0to 127
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tstp = 9.152 ms (fsyscLk = 3.58 MHz)
[t -
TDCIR |0 31 63 95 127
data
(7F) L
(76) I |
(70 15 I 47 I 79 I 111 L
(78) I I I [
(7A) I I | I L
(01)
(00)
J I [ L
J | Overlapping pulse |_

tsus PWM waveform (determined by high-order 7 bits)

|
tsug = 71.5 us I

Figure 14-4 Added Pulse Waveform

14.1.3 Data Transfers from Registers to Latches

When TDCC is set to 11, 14-bit datais transferred from a 14-bit PWM data
register to a 14-bit PWM data latch during the repeat cycle of the high-order 7
bits of the next PWM. Thisisto prevent the PWM waveform from being dis-
rupted by changes in the data that may occur partway through the PWM
waveform. If TDCC is set to 00, the 14-bit PWM output waveform does not
change even when the 14-bit PWM dataregister value is rewritten.
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14.2 8-Bit Pulse Width Modulators
The MN101C46F has six 8-bit PWMs. These PWMs have resolutions of eight
bits, minimum pulse widths of 2/fgy oy k. and cycles of 28/fpy.-

14.2.1 8-Bit PWM Description

The MN101C46F has six 8-bit PWM blocks. The 8-bit registers (PWMn) are
used to write pulse width modul ation data concerning the PWM blocks. The 8-bit
PWM output waveform or repeat cycleis 143 ps and the minimum pulse width is
0.56 ps.

Figure 14-5 shows ablock diagram of the 8-bit PWMs

Data Bus

PWMO - PWM5 M§B
X'03E90" - XO3E9A

fowm ] DAC output @
PWM (8 bit) 1/0 control PWMn

Figure 14-5 Block Diagram of 8-Bit PWM

Notes: 1. fP\NM = fSYSCLK/Z

2. Output pulse cycle=28/fpyy = 143 ps (when fgy sy k = 3.58 MHz)
3. Minimum pulse width = 1/fp = 0.56 ps
4

. tow= (PWMn+1) x 0.56 Us
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14.2.2 8-Bit PWM Output Waveform

Figure 14-3 shows the 8-bit PWM waveform. It is assumed that fgy g k = 3.58
MHz. The 8-bit PWM output pul se width changes relative to settings of datareg-
istersin units of 28/prM cycles. When it changes between the data settings 00
and 01, however, it changes at double L/fpyyp-

g,vt\)/l:w data Corresponding output waveform
00 ; :
: ' High level
o1 H H
' L 143 s R
F: fow
’7 0.56 ps I
_ —_— [————
FE
Low level
FF
Figure 14-6 8-Bit PWM Output Waveform
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14.3 PWM Registers

Register | Address | RIW Description

TDCC x'03E9C’ R/W | 14-bit PWM control register

TDCHR x'03E9F W | 14-bit PWM dataregister high

TDCHL X'03E9E’ W | 14-bit PWM dataregister low

TDCHL X’ 03E9F R 14-bit PWM datalatch high

TDCHR X' 03E9E’ R 14-bit PWM datalatch low

PWMO X' 03E90’ R/W | 8-bit PWM dataregister O
PWM1 x'03E92' R/W | 8-bit PWM dataregister 1
PWM2 X' 03E94’ R/W | 8-bit PWM dataregister 2
PWM3 X' 03E96’ R/W | 8-bit PWM dataregister 3
PWM4 X' 03E98’ R/W | 8-bit PWM dataregister 4
PWM5 x'03E9A' R/W | 8-bit PWM dataregister 5

14.3.1 14-Bit PWM Control Registers
Datamust be set in the following three types of registersfor 14-bit PWM control.

TDCC: 14-bit PWM Control Register x'03E9C’

Bit: 7 6 5 4 3 2 1 0

— — — — —  |Reserved| TDCC1 | TDCCO

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

TDCC isa2-hit register that controls 14-bit PWM operation.
Reserved: Always set to 0.

TDCCJ[1:0]: Data latch transfer bits
00: Do not transfer
01: TDCLR - TDCLL
10: TDCHR - TDCHL
11: TDCHR - TDCHL and TDCLR - TDCLL

TDCHR: 14-bit PWM Data Register High Xx'03E9F’
Bit: 7 6 5 4 3 2 1 0
Reserved TDCHR | TDCHR | TDCHR | TDCHR | TDCHR | TDCHR | TDCHR
6 5 4 3 2 1 0
Reset: 0 0 0 0 0 0 0 0
RW: w w w w w w w w

TDCHRn: 14-bit PWM high-order data. Indicates 14-bit PWM output waveform
modulation data. (n=6-0)
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TDCLR: 14-bit PWM Data Register Low x'03E9FE’

Bit: 7 6 5 4 3 2 1 0

Reserved| TDCLR6|TDCLR5| TDCLR4|{TDCLR3| TDCLR2|TDCLR1|TDCLRO

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

TDCLRn: 14-bit PWM low-order data. Indicates overlapping position of pulse
added to 14-bit PWM output waveform. (n=6-0)

TDCHL: 14-bit PWM Data Latch High x'03E9F
Bit: 7 6 5 4 3 2 1 0
Reserved TDCHL | TDCHL | TDCHL | TDCHL | TDCHL | TDCHL | TDCHL
6 5 4 3 2 1 0
Reset: X X X X X X X X
R/W: R R R R R R R R

TDCHLn: 14-bit PWM high-order data latch. Latches TDCHR register data. (n=6—
0)

TDCLL: PWM Data Latch Low X'03E9FE’

Bit: 7 6 5 4 3 2 1 0

Reserved| TDCLL6| TDCLL5|TDCLL4|TDCLL3|TDCLL2|TDCLL1|TDCLLO

Reset: X X X X X X X
RIW: R R R R R R R R

TDCLLnN: 14-bit PWM low-order data latch. Latches TDCLR register data. (n=6-0)

14.3.2 8-Bit PWM Control Registers

PWMO-PWM5 are 8-bit registers. They are used for writing 8-bit PWM output
waveform modulation data within one repeat cycle. They are set to 0 upon reset
and 8-bit PWM output is set to H.

PWMO: 8-bit PWM Data Register 0 x'03E90’

Bit: 7 6 5 4 3 2 1 0

PWMO | PWMO | PWMO | PWMO | PWMO | PWMO | PWMO | PWMO
DT7 DT6 DTS5 DT4 DT3 DT2 DT1 DTO

Reset: 0 0 0 0 0 0 0 0
RW:  RW RW RW RW R/IW R/W R/IW RW

PWM1: 8-bit PWM Data Register 1 x'03E92’

Bit: 7 6 5 4 3 2 1 0

PWM1 | PWM1 | PWM1 | PWM1 | PWM1 | PWM1 | PWM1 | PWM1
DT7 DT6 DT5 DT4 DT3 DT2 DT1 DTO

Reset: 0 0 0 0 0 0 0 0
RW: RW RW RIW RW RIW RW RIW RIW
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Pulse Width Modulator
PWM Registers

Bit:

Reset:
R/W:

Bit:

Reset:
R/W:

Bit:

Reset:
R/W:

Bit:

Reset:
R/W:

PWMZ2: 8-bit PWM Data Register 2

7 6 5 4 3 2 1 0
PWM2 | PWM2 | PWM2 | PWM2 | PWM2 | PWM2 | PWM2 | PWM2
DT7 DT6 DTS5 DT4 DT3 DT2 DT1 DTO
0 0 0 0 0 0 0 0
R/W RW RIW RIW RIW R/W R/IW RIW
PWM3: 8-bit PWM Data Register 3
7 6 5 4 3 2 1 0
PWM3 | PWM3 | PWM3 | PWM3 | PWM3 | PWM3 | PWM3 | PWM3
DT7 DT6 DT5 DT4 DT3 DT2 DT1 DTO
0 0 0 0 0 0 0 0
RW RW RIW RIW RIW RW RIW RIW
PWM4: 8-bit PWM Data Register 4
7 6 5 4 3 2 1 0
PWM4 | PWM4 | PWM4 | PWM4 | PWM4 | PWM4 | PWM4 | PWM4
DT7 DT6 DT5 DT4 DT3 DT2 DT1 DTO
0 0 0 0 0 0 0 0
R/W RW RW RW RIW R/W R/IW RW
PWM5: 8-bit PWM Data Register 5
7 6 5 4 3 2 1 0
PWM5 | PWM5 | PWM5 | PWM5 | PWM5 | PWM5 | PWM5 | PWM5
DT7 DT6 DT5 DT4 DT3 DT2 DT1 DTO
0 0 0 0 0 0 0 0
RW RW RIW RIW RIW RW RIW RIW

x'03E94’

x'03E96’

x'03E98’

X'03E9A
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Appendix A Register Map

Table A-1 Register Map: x'03D00'-x'03DFF'

12 4LSBs Description
MSBs [FE[D|C[B|A[O 8765432110 P
x'03D00
x'03D10
x'03D20
x'03D30
x'03D40
x'03D50
x'03D60
, SLCN|SLCN
x'03D70 B Ry VBI (1)
x'03D80
x'03D90
x'03DA0
x'03DB0
x'03DCO
x'03DDO0
x'03DEO
, SLCN|SLCN
x'03DFO Tow | Tiw VBI (2)
Table A-2 Register Map: x'03E00'-x'03EFF'
12 4LSBs Description
MSBs F E D C B | A 9 8 7 6 5 4 3 2 1 0
CRI4 | CRI3| CRI2 | CRI1| CAP | CAP [ACQ1[ACQ1| VBI | HNU [ SLSF[SLHD|[MAX | MIN [ sL | FC
X'03E00 | FQW | FQW | FQW | FQW | DATA |DATA| H IRQ | ™M CNT
H VBI 1 registers
FCP | FCP | STAP| STAP | DATA | DATA | DATA | DATA [CRI2E|CRI2E| CRI2S| CRI2S|CRI1E|CRI1E[CRI1S|CRI1S €
X'03E10 |NUM [NUM | H EH E SH S H H H H
H
CRI4F|CRIZF|CRI2F|CRITF| CAP | CAP [ACQ1[ACQ1| VBI | HNU | SLSF [SLHD | MAX [MINW|SLCN | Fcw
X'03E20 |[QWW [QWW [QWW [QWW |DATA |[DATA| WH | W |IRQW| MW | W w w T™W
WH | W VBI 2 registers
FCP | FCP | STAP| STAP | DATA | DATA | DATA | DATA [CRI2E|CRI2E| CRI2S| CRI2S|CRI1E|CRI1E|CRI1S|CRI1S e
X'03E30 [NUM [NUM | WH | W |EWH| EW |[SWH| SW | WH | W | WH | W | WH | W | WH | W
WH | W
< 03E40 | HSEP|HSEP[CLAMICLAM| SPLV | SPLV [ BPLV [SYNC| BPP [ BPPS | SCMI [ SCMI | FQSE | FQSE | NFSE | NFSE
1H 1 PH P H MIN [STH| T [NGH| NG | LH L LH L
CLPC|CLPC HVCO|VCNT|VCNT| HDIS | HDIS | HLO | HLO |FIELD|FIELD| HSEP | HSEP | Sync separator 1 registers
X'03E50 ND1H| ND1 ND H TWH | TW |CKLV|CKLV| H 2H 2
H
HSEP | HSEP [CLAM|CLAM| SPLV | SPLV [ BPLV [ SYNC| BPPS | BPPS | SCMI | SCMI | FQSE | FQSE | NFSE | NFSE
X'03E60 [IWH | 1W [PWH | PW | WH | W W |[MINW[TWH | TW |NGW [NGW | LWH | LW |LWH | LW
H Sync separator 2 registers
CLPC|CLPC HVCO|VCNT|VCNT| HDIS | HDIS | HLO | HLO |FIELD|FIELD| HSEP | HSEP Sep &
X'03E70 NDIW|ND1W NDW | WH | W |[TWW |[TWW | CKL | CKL | WH | W |2WH | 2w
H H VWH | VW
12C 12C 12C 12c [ 12c [12c [ 12c | 12c
X' 03E80 BSTS BRST CLK MYA |DREC| DREC|DTRM|DTRM| 12C interface registers
D H H
+ 03E90 TDRCH TDRCL TDCC PWMD5| PWM4| PWM3| PWM?2) PWM1| PWMO[ 5 registers
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Table A-2 Register Map: x'03E00'-x'03EFF' (Continued)

, RMLD RMTR RMSR RMCS| RMTC RMIR RMIS . . )
x'03EAO Remote signal receiver registers
EVOD|EVOD [HCOU|HCOU 0sD3 0SD2 0sD1 RAME GRO CRO
X'03EBO | H NTH | NT ND MEN MEN
D D
< 03ECO | APH | 1AP [IVPHTTIVP TiHPH [ THP SHTC [HSHT | HSHT [HSHT [HSHT | VSHT [ VSHT | VSHT [ VSHT
1H 1 | oH 0 | 1H 1 | oH 0
, WBSH BBSH FRAM COLB i
¥ 03EDO > - " OSD control registers
' 03EEQ |P-TY7|PLT16[PLTIS|PLT14|PLT13[PLT12[ PLT11| PLT10| PLTO7 | PLTO6 | PLTOS| PLTO4| PLTO3| PLTO2 [ PLTOL| PLTOO
< 03EFQ |P-T37|PLT36[PLT35| PLT34[PLTS3| PLT32[PLT31| PLT30 PLT27| PLT26 [ PLT25| PLT24[PLT23[ PLT22[ PLT21| PLT20
\ 0OSCM ACT DLY | WD [MEM [cPUM
x' 03F00 b MD cr | or | cr CPU mode and memory control
\ P40U | P30OU | P20U | P1OU | POOU
x'03F10 T - - T - 1/0 port output
\ P4MD | P3MD|P2MD | PIMD | POMD P4IN | P3IN | P2IN | PLIN | POIN i
X' 03F20 1/0 port input
\ ROM | ROM P4DIR|P3DIR|P2DIR|P1DIR|PODIR
X"03F30 | vl cen 1/0 port 1/O mode control
\ PCNT PCNT PAPL | P3PL | P2PL | P1PL | POPL :
X' 03F40 5 o U U N N U 1/0 port pullup resistor control
\ CK3M[CK2M|[TM3M|[TM2M|{TM30| TM20[TM3B | TM2B
i I ° ° ° ¢ ¢ ¢ ¢ Timer control
< 03E60 |P°M CK4M TM4M TM40 TM4B
D D D c c
Y 03E70 | AMC[AMC[AMC[AMC [AMC | AMC[AMC [ AMC [ AMC | AMC [ AMC [ AMC [ AMC | AMC [ AMC [ AMC
HIM7 | HIL7 [ HIM6 | HIL6 | HIM5 | HIL5 | HIM4 | HIL4 | HIM3 | HIL3 [ HIM2 | HIL2 | HIM1 | HIL1 | HIMO | HILO
\ AMC [ AMC [ AMC [ AMC [ AMC [ AMC [ AMC [ AMC [ AMC | AMC [ AMC | AMC [ AMC | AMC | AMC [ AMC ) )
X'03F80 | ik | Witk [HIME| HILE |HIMD| HILD | FimMc| HILC [HIMB | HILB [HIMA| HILA | HiMo | HiLe | Hims | HiLs | ROM correction control 1 (correction address)
Y 03F90 | AMC[AMC[AMC[AMC ['AMC | AMC[AMC [ AMC [ AMC | AMC [ AMC [ AMC [ AMC | AMC [ AMC [ AMC
HIHF | HIHE | HIHD | HIHC | HIHB | HIHA | HIHO | HIH8 | HIH7 | HIH6 | HIH5 | HIH4 | HIH3 | HIH2 | HIHL | HIHO
x'03FAQ Serial interface control
\ AN AN | AN | AN .
x'03FBO BUFL ctrz | etr1 | eTro | AN@l0g interface control
x' 03FCO

, CH CH CH CH CH CH CH CH CH CH CH CH CH CH CH CH | ROM correction control 2 (Correc—
X'03FDO | pATF | DATE | DATD| DATC | DATB | DATA | DATY | DATS | DAT7 | DAT6 | DATS | DAT4 | DAT3 | DAT2 | DAT1 | DATO

tion data)
X' 03FEQ TMA4I | TM3I | TM2I IRQ5I | IRQ4! [ IRQ3I | IRQ2I [ IRQ1I | IRQOI [NMIC
CR CR CR CR CR CR CR CR CR R Interrupt control
X' 03FFO RMC | AD VBIV |VBIV | 12C | OSD | VBI1 | VBIO p
ICR | ICR 1LICR|OICR | ICR | ICR | ICR | ICR
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MN101CF46F Flash EEPROM Version
Description

Appendix B MN101CF46F Flash EEPROM Version

B.1 Description

The MN101CF46F is an electrically programmable, 96-kilobyte flash ROM
versions of the MN101CF46F. It is programmed in PROM writer mode, which
uses a dedicated writer.

The 96-kilobyte flash memory is divided into two main areas:

m  Fixed user program area (96 kilobytes: x’ 0x04000 to x’ Ox1BFFF)
This area stores the user program. It is overwritten in PROM writer mode.

m  User program area (32 kilobytes: x’ 0x00000 to x’ 0xO3FFF and x’ 0x1C000
to x;0x1FFFF)
This area cannot be used. (When using the writer, fill this areawith FF.)

Normal operation is guaranteed with up to ten programmings.

X'0x00000’
16 KB Reserved area
X'0x04000’
96 KB Fixed user program area
X'0x1C000’
16 KB Reserved area
X'OX1FFFF’

Note: The shaded region is write-protected in this mode.
Figure B-1 Memory Map for Internal Flash EEPROM

B.2 Benefits

Because you can maintain and upgrade the program in the MN101CF46F up to
and immediately following product release, this version of the device shortens
time-to-market by as much as one month. This deviceisideal for applicationsin
quickly changing markets, since it allows you to revise the microcontroller
program in an existing product.
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MN101CF46F Flash EEPROM Version
Using the PROM Writer Mode

B.3 Using the PROM Writer Mode

In this mode, the MN101CF46F 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 connectsto DATA-1/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.

MN101CF46F

Adaptor socket for MN101CF46F

Third-party
PROM writer

Figure B-2 PROM Writer Hardware Setup
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Figure B-3 Pin Configuration for Socket Adaptor
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MN101CF46F Flash EEPROM Version
Reprogramming Flow

B.4 Reprogramming Flow
Figure B-4 shows the flow for reprogramming (erasing and programming) the
flash memory

Write Os to entire memory

Erase Erase routine

\

Reverse

f

Write user program

Figure B-4 EEPROM Programming Flow

Asthe figure shows, the write occurs after the memory is completely erased. The
erase routine consists of three steps, first writing al zerosto the entire memory
space, next erasing the memory, and finally reversing.

B.5 Programming Times
Table B-1 shows the time required for PROM reprogramming (erasing and pro-
gramming).

Table B-1 Programming Times for PROM Writers

Programming Time Reprogramming
Writer (User Program Only) Time

DATA-I/O LabSite DIP48-1

{
' TBA TBA

(provisional)
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MN101C Series Instruction Set

Appendix C MN101C Series Instruction Set

MN101C SERIES INSTRUCTION SET

| Group Mnemonic ‘ Operation Flag deiCycﬁ Re- Machine Code NolﬁPag1
VF|NF| cF| zF| Size| peat Ext. 1 2 3 4 5 6 7 9 10 11

Data Move Instructions

MoV MOV Dn,Dm Dn-Dm ~ 121 1010 DnDm 25
MOV imm8,Dm imm8 - Dm |- 4] 2 1010DmDm <#8. ..> 25
MOV Dn,PSW Dn-PSW e®e o 3 |3 0010 1001 01Dn 26
MOV PSW,Dm PSW-Dm =] 3] 2 0010 0001 01Dm 26
MOV (An),Dm mem8(An) — Dm -2 2 0100 1ADM 27
MOV (d8,An),Dm mem8(d8+An) - Dm |- 4] 2 0110 1ADm <d8. ..> 1|27
MOV (d16,An),Dm mem8(d16+An) - Dm - T 4 0010 0110 1ADm <d16 > 28
MOV (d4,SP),Dm mem8(d4+SP) . Dm —|-|-|-|8|2 0110 01Dm <d4> *2 |28
MOV (d8,SP),Dm mem8(d8+SP) — Dm —|-]-]-]5]3 0010 0110 01Dm <d8. ..> *3 |29
MOV (d16,SP),Dm mem8(d16+SP) - Dm e e e A 0010 0110 00Dm <d16 > 29
MOV (i08),Di mem8(I0TOP+i08) - Dm |- 42 0110 00Dm <io8 ..> 30
MOV (abs8),Dm mem8(abs8) - Dm -] 4] 2 0100 01Dm <abs 8.> 30
MOV (abs12),Dm mem8(abs12) -~ Dm - -1 5|2 0100 00Dm <abs 12. ..> 31
MOV (abs16),Dm mem8(abs16) - Dm e e e A 0010 1100 00Dm <abs 16. ... ..> 31
MOV Dn,(Am) Dn - mem8(Am) -] 2] 2 0101 laDn 32
MOV Dn,(d8,Am) Dn - mem8(d8+Am) -] 4] 2 0111 laDn <d8. ..> *1 |32
MOV Dn,(d16,Am) Dn - mem8(d16+Am) |- 7] 4 0010 0111 laDn <d16 > 33
MOV Dn,(d4,SP) Dn - mem8(d4+SP) - -1 3] 2 0111 01Dn <d4> w0 |33
MOV Dn,(d8,SP) Dn - mem8(d8+SP) ~|-|-|~-|5|3 0010 0111 01Dn <d8. ..> 3 |34
MOV Dn,(d16,SP) Dn - mem8(d16+SP) B S S A A 0010 0111 00Dn <d16 > 34
MOV Dn,(i08) Dn - mem8(IOTOP+i08) -] 4] 2 0111 00Dn <io8 ..> 35
MOV Dn,(abs8) Dn - mem8(abs8) e 4 0101 01Dn <abs 8.> 35
MOV Dn,(abs12) Dn - mem8(abs12) - ~-| 5|2 0101 00Dn <abs 12. ..> 36
MOV Dn,(abs16) Dn - mem8(abs16) -] 74 0010 1101 00Dn <abs 16. .. > 36
MOV imm8,(io8) imm8 — mem8(IOTOP+i08) ~| ]|~ 63 0000 0010 <io8 .> <#8. ..> 37
MOV imm8,(abs8) imm8 — mem8(abs8) || -]--] 63 0001 0100 <abs 8.> <#8. ..> 37
MOV imm8,(abs12) imm8 — mem8(abs12) e e e A 0001 0101 <abs 12. .> <#8. .> 38
MOV imm8,(abs16) imm8 - mem8(abs16) -] ]=-] 95 0011 1101 1001 <abs 16. .. .> <#8. .> 38
MOV Dn,(HA) Dn - mem8(HA) ~| 122 1101 00Dn 39

MOVW  |MOVW (An),DWm mem16(An) -~ DWm -1 2] 3 1110 00Ad 40
MOVW (An),Am mem16(An) - Am ||| 3]| 4 0010 1110 10Aa *4 | 40
MOVW (d4,SP),DWm  |mem16(d4+SP) - DWm B e e < I 1110 011d <d4> 2 |41
MOVW (d4,SP),Am mem16(d4+SP) - Am |- 3] 3 1110 010a <d4> 2 |41
MOVW (d8,SP),DWm  [mem16(d8+SP) - DWm —|~|-|~-| 5|4 0010 1110 011d <d8. ..> 3 |42
MOVW (d8,SP),Am mem16(d8+SP) - Am ~|=|-|-|5]4 0010 1110 010a <d8. ..> *3 |42
MOVW (d16,5P),DWm  |mem16(d16+SP) - DWm ||| 7|5 0010 1110 001d <d16 > 43
MOVW (d16,SP),Am mem16(d16+SP)— Am ||| -] 7|5 0010 1110 000a <d16 .. > 43
MOVW (abs8),DWm mem16(abs8) —~ DWm B e e A 1100 011d <abs 8.> 44
MOVW (abs8),Am mem16(abs8) - Am e e e R 1100 010a <abs 8.> 44
MOVW (abs16),DWm  |mem16(abs16)-DWm === 7]5 0010 1100 011d <abs 16. ... ..> 45
MOVW (abs16),Am mem16(abs16) ~ Am === 7|5 0010 1100 010a <abs 16. .. ..> 45
MOVW DWn,(Am) DWn - mem16(Am) - ~-12|3 1111 00aD 46
MOVW An,(Am) An - mem16(Am) |||~ 3] 4 0010 1111 10aA *4 |46
MOVW DWn,(d4,SP) DWn - mem16(d4+SP) -] -] 33 1111 011D <d4> ¥ |47
MOVW An,(d4,SP) An - mem16(d4+SP) ~|-|-|-]|3]3 1111 010A <d4> 2 |47
MOVW DWn,(d8,SP) DWn — mem16(d8+SP) —| |- 5 |4 0010 1111 011D <d8. ..> *3 |48
MOVW An,(d8,SP) An - mem16(d8+SP) - - 5|4 0010 1111 010A <d8. ..> *3 |48
MOVW DWn,(d16,SP) |DWn - mem16(d16+SP) ||| 7|5 0010 1111 001D <d16 > 49
MOVW An,(d16,SP) An - mem16(d16+SP) ~| -] 7|5 0010 1111 00OA <d16 .. > 49
MOVW DWn,(abs8) DWn - mem16(abs8) -] 4] 3 1101 011D <abs 8.> 50
MOVW An,(abs8) An — mem16(abs8) ||| 43 1101 O010A <abs 8.> 50
MOVW DWn,(abs16) DWn — mem16(abs16) - - 7|5 0010 1101 011D <abs 16. .. ..> 51
MOVW An,(abs16) An - mem16(abs16) =] 7 |5 0010 1101 O10A <abs 16.. > 51
MOVW DWn,(HA) DWn — mem16(HA) |||~ 2|3 1001 010D 52
MOVW An,(HA) An— mem16(HA) B e e A 1001 O11A 52
MOVW imm8,DWm sign(imm8) -~ DWm - 4] 2 0000 110d <#8. ..> *5 |53
MOVW imm8,Am zero(immsg) - Am |- 4] 2 0000 1lla <#8. ..> *6 |53
MOVW imm16,DWm  |imm16 - DWm ||| 6|3 1100 111d <#16 > 54

NOTE: Pages for the MN101C Series Instruction Manual

*1 d8 sign-extension
*2  d4 zero-extension
*3  d8 zero-extension

*4 A=An, a=Am
*5 #8 sign-extension
*6 #8 zero-extension
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MN101C SERIES INSTRUCTION SET

| Group ‘ Mnemonic Operation Flag quﬁCycﬁ Re-|exten- Machine Code NotﬁPagéi
VF| NF| CF| ZF| Size peat| oy 1 2 3 4 5 6 7 8 9 10
MOVW imm16,Am imm16 - Am ||| 6|3 1101 1l1la <#16 > 54
MOVW SP,Am SP-Am —|-]|-]-]3]3 0010 0000 100a 55
MOVW An,SP An-SP —| ||| 3]3 0010 0000 101A 55
MOVW DWn,DWm DWn - DWm —|-|-|-]3]3 0010 1000 0ODd *1 |56
MOVW DWn,Am DWn - Am —|--|-]-] 33 0010 0100 11Da 56
MOVW An,DWm An-DWm —|=-|-]-] 33 0010 1100 11Ad 57
MOVW An,Am An-Am - -1 3|3 0010 0000 00Aa *2 |57
PUSH PUSH Dn SP-1- SP,Dn - mem8(SP) -] 2|3 1111 10Dn 58
PUSH An SP-2 - SP,An - mem16(SP) —|=-|-]-]2|5 0001 O11A 58
POP POP Dn mem8(SP) - Dn,SP+1 . SP -]~ 2|3 1110 10Dn 59
POP An mem16(SP)~An,SP+2.SP || - |-|--| 2 | 4 0000 011A 59
EXT EXT Dn,DWm sign(Dn) - DWm ~|=|-|-]3]3 0010 1001 000d *3 | 60
Arithmetic manupulation instructions
ADD ADD Dn,Dm Dm+Dn - Dm e|/eoo|0 3|2 0011 0011 DnDm 61
ADD imm4,Dm Dm-+sign(imm4) - Dm o o000 3 2 1000 00Dm <#4> *6 | 61
ADD imm8,Dm Dm+imm8 - Dm oo 0|0 4 2 0000 10DM <#8. ..> 62
ADDC |ADDC Dn,Dm Dm+Dn+CF - Dm e eoe|® 3| 2| O | 0011 1011 DnDm 63
ADDW |ADDW DWn,DWm DWm+DWn - DWm e e®/®|® 3| 3|0 |0010 0101 0ODd *1 |64
ADDW DWn,Am Am+DWn - Am e ® e|® 3| 3|0 (0010 0101 10Da 64
ADDW imm4,Am Am+sign(imm4) . Am o el0o0 3|2 1110 110a <#4> *6 | 65
ADDW imm8,Am Am-+sign(imm8) - Am eleje|® 5 |3 0010 1110 110a <#8. ..> *7 | 65
ADDW imm16,Am Am+imm16 — Am e oo 0 7 | 4 0010 0101 Olla <#16 > 66
ADDW imm4,SP SP+sign(imm4) - SP -] 3|2 1111 1101 <#4> *6 | 66
ADDW imm8,SP SP+sign(imms) - SP |- 4] 2 1111 1100 <#8. ..> 7 |67
ADDW imm16,SP SP+imm16 - SP ]| T4 0010 1111 1100 <#16 > 67
ADDW imm16,DWm DWm+imm16 - DWm e e ® o 7 4 0010 0101 010d <#16 > 68
ADDUW |ADDUW Dn,Am Am+zero(Dn) - Am ® oo (e 3| 3| O|0010 1000 1aDn *8 |69
ADDSW |ADDSW Dn,Am Am-+sign(Dn) - Am e e @@ 3 3|O 0010 1001 laDn 70
suB SUB Dn,Dm(when Dn#Dm) |Dm-Dn - Dm e @ e @ 3 2| O|0010 1010 DnDm 71
SUB Dn,Dn Dn-Dn-.Dn ojojof1|2]1 1000 01Dn 7
SUB imm8,Dm Dm-imm8 . Dm ® o000 5 3 0010 1010DmDm <#8. ..> 72
SUBC  |SUBC Dn,Dm Dm-Dn-CF - Dm e /@ @ e 3| 2| O 0010 1011 DnDM 73
SUBW  [SUBW DWn,DWm DWm-DWn - DWm eo/oleo|® 3|3 0010 0100 00Dd *1 |74
SUBW DWn,Am Am-DWn - Am ® o000 3 3 0010 0100 10Da 74
SUBW imm16,DWm DWm-imm16 - DWm o|leo/®|@® 7 |4 0010 0100 010d <#16 > 75
SUBW imm16,Am Am-imm16 - Am oo 0@ 7 |4 0010 0100 Olla <#16 > 75
MULU MULU Dn,Dm Dm*Dn - DWk ole|le/® 3|38 0010 1111 111D *4 |76
DIVU DIVU Dn,DWm DWm/Dn - DWm-I...DWm-h o oel® @ 3|9 0010 1110 111d |77
CMP CMP Dn,Dm Dm-Dn...PSW o o000 3 2 0011 0010 DnDm 78
CMP imm8,Dm Dm-imm8...PSW eo|eo® @ 4 2 1100 00Dm <#8. ..> 8
CMP imm8,(abs8) mem8(abs8)-imm8...PSW o elo0® 6|3 0000 0100 <abs 8.> <#8. .> 79
CMP imm8,(abs12) mem8(abs12)-imm8...PSW e o0 0 7 |3 0000 0101 <abs 12. ..> <#3. .> 79
CMP imm8,(abs16) mem8(abs16)-imms...PSW ® o(® ® 9 5 0011 1101 1000 <abs 16.. > <H#8 > 80
CMPW |CMPW DWn,DWm DWm-DWn...PSW o ele0o® 3|3 0010 1000 01Dd *1 |81
CMPW DWn,Am Am-DWn...PSW elele|0® 3 3 0010 0101 11Da 81
CMPW An,Am Am-An...PSW e oe® 3|3 0010 0000 O1Aa 2 |82
CMPW imm16,DWm DWm-imm16...PSW o ®o/0 0 6|3 1100 110d <#16 > 82
CMPW imm16,Am Am-imm16...PSW ® e 0|0 6|3 1101 110a <#16 > 83
Logical manipulation instructions
AND AND Dn,Dm Dm&Dn - Dm o|®foj@| 3|2 0011 0111 DnDm 84
AND imm8,Dm Dm&imms8 - Dm o|®@(o|® 42 0001 11Dm <#8. ..> 84
AND imm8,PSW PSW&Imm8 - PSW e @ o0 5|3 0010 1001 0010 <#8. ..> 85
OR OR DnDm DmIDn-Dm 0o|®fo|@ 3|2 0011 0110 DnDm 86
OR imm8,Dm Dmlimm8 - Dm ole(oj@| 42 0001 10DM <#8. ..> 86
OR imm8,PSW PSWIimm8 - PSW o lel® @ 5 |3 0010 1001 0011 <#8. ..> 87
XOR XOR Dn,Dm Dm"Dn-Dm Ole|o|@ 3|2 0011 1010 DnDm *9 |88
XOR imm8,Dm DmAimm8 - Dm o/®/0/e@| 5|3 0011 1010DmDm <#8. ..> 88
NOTE: Pages for MN101C Series Instruction Manual *1  D=DWn, d=DWm 5 D=DWm *9 m=n/
*2  A=An, a=Am *6  #4 sign-extension
*3  d=DWm *7  #8 sign-extension
*4  D=DWk *8 Dn zero extension
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MN101C Series Instruction Set

MN101C SERIES INSTRUCTION SET

Group Mnemonic Operation Flag Cc_)d Cycld Re-
VF|NF|CF| zF| Size|  |peat

Exten Machine Code
sn 1 2 3 4 5 6 7 8 9 10 11

Notﬁ Pa91

NOT NOT Dn ~Dn-.Dn 0/®(0|@ 3|2 0010 0010 10Dn 89
ASR ASR Dn Dn.msb — temp,Dn.Isb - CF 0|-|@|® 3|2 |O|0010 0011 10Dn 90
Dn>>1 - Dn,temp - Dn.msh
LSR LSR Dn Dn.Isb - CF,Dn>>1-Dn 0|0|®|@® 3| 2| O|0010 0011 11Dn 91
0-Dn.msh
ROR  |ROR Dn Dn.Isb - temp,Dn>>1-Dn 0/@|@|® 3|2]|O|000 0010 11Dn 92
CF - Dn.msh,temp - CF
Bit manipulation instructions
BSET  |BSET (io8)bp mem8(I0TOP+io8)&bpdata..PSW| 0 (@ |0 |@| 5 | 5 0011 1000 Obp. <io8 ..> 93
1-mem8(I0TOP+i08)bp
BSET (abs8)bp mem8(abs8)&bpdata..PSW |0 |@ |0 |@| 4 | 4 1011 Obp. <abs 8.> 93
1-.mem8(abs8)bp
BSET (abs16)bp mem8(abs16)&bpdata...PSW |0 |@ |0 |@| 7 | 6 0011 1100 Obp. <abs 16. .. ..> 94
1-.mem8(abs16)bp
BCLR  |BCLR (io8)bp mem8(IOTOP+io8)&bpdata..PSW| 0 (@ |0 | @| 5 | 5 0011 1000 1bp. <io8 ..> 95
0-mem8(I0TOP+io8)bp
BCLR (abs8)bp mem8(abs8)&bpdata...PSW |0 |@ |0 | @ 4 | 4 1011 1bp. <abs 8.> 95
0-mem8(abs8)bp
BCLR (abs16)bp mem8(abs16)&bpdata...PSW |0 |@ 0| @ 7 | 6 0011 1100 1bp. <abs 16. .. ..> 96
0-mem8(abs16)bp
BTST BTST imm8,Dm Dm&imm8...PSW Ole|o|® 5|3 0010 0000 11Dm <#8. ..> 97
BTST (abs16)bp mem8(abs16)&bpdata..PSW |0 |@ |0 |®| 7 | 5 0011 1101 Obp. <abs 16. .. ..> 97
Branch instructions
Bce BEQ label if(ZF=1), PC+3+d4(label)+H~PC | -- | - | - | --| 3 [2/3 1001 00OH <d4> *1 |98
if(ZF=0), PC+3-PC
BEQ label if(ZF=1), PC+4+d7(label)+H ~PC | -~ | - | - | --| 4 |2/3 1000 1010 <d7. .H %2 |98
if(ZF=0), PC+4-PC
BEQ label if(ZF=1), PC+5+d11(label)+H ~PC| - | - | - | | 5 |2/3 1001 1010 <d1l .. .H *3 | 99
if(ZF=0), PC+5PC
BNE label if(ZF=0), PC+3+d4(label)+H - PC| — | - | - | ~| 3 |2/3 1001 001H <d4> 1 |100
if(ZF=1), PC+3-.PC
BNE label if(ZF=0), PC+4+d7(label)+H~PC| -~ | - | -- | --| 4 |2/3 1000 1011 <d7. .H *2 (100
if(ZF=1), PC+4 . PC
BNE label if(ZF=0), PC+5+d11(label)+H - PC| - | - | - | | 5 |2/3 1001 1011 <d11 .. .H *3 (101
if(ZF=1), PC+5PC
BGE label f{(VFANF)=0),PC+4+d7(label)tH ~ PC| ~ | - | - | | 4 |23 1000 1000 <d7. .H % |102
if((VFANF)=1),PC+4 . PC
BGE label if((VFANF)=0),PC+5+d11 (label)}tH - PC| - | - | - | | 5 |2/3 1001 1000 <d11 ... .H 3 |102
if((VFANF)=1),PC+5 . PC
BCC label if(CF=0),PC+4+d7(label)+H - PC| - | | ~ | | 4 |23 1000 1100 <d7. .H ¥ |103
if(CF=1), PC+4 - PC
BCC label if(CF=0), PC+5+d11(label}+H - PQ | - | ~ | | 5 | 213 1001 1100 <d1l .. .H 3 103
if(CF=1), PC+5-PC
BCS label if(CF=1),PC+4+d7(label)+HPC| — | - | - | | 4 |2/3 1000 1101 <d7. ..H % |104
if(CF=0), PC+4 - PC
BCS label if(CF=1), PC+5+d11(label)*H ~PQ - | - | ~ | | 5 |2/3 1001 1101 <d1l .. ..H *3 (104
if(CF=0), PC+5 - PC
BLT label if((VFNF)=1),PC+4+d7(iabel)}tH — PC| — | | | | 4 |2/3 1000 1110 <d7. .H * |108
if((VFANF)=0),PC+4 . PC
BLT label if((VFANF)=1),PC+5+d11(abel)tH ~ PC| - | - | - [ | 5 |2/3 1001 1110 <d1l .. .H *3 |10
if((VFANF)=0),PC+5 - PC
BLE label f(VFNF)|ZF=1) PCH4+dT(label)}tH ~ PQ - | - | - | | 4 |2/3 1000 1111 <d7. .H 2 |10
if((VFANF)|ZF=0),PC+4 - PC
BLE label ((VFNF)[ZF=1) PC+5+d11(label)tH - PG - | - | - | | 5 |2/3 1001 1111 <d11 .. .H 3 |10§]
if((VFANF)|ZF=0),PC+5 - PC
BGT label f{(VF°NF)|ZF=0) PC+5+d7(label)tH P - | ~ | - | | 5 |3/4 0010 0010 0001 <d7. .H 2 |107]
if((VFANF)|ZF=1),PC+5 - PC
NOTE: Pages for MN101C Series Instruction Manual *1 4 sign-extension
*2  d7 sign-extension
*3  d11 sign-extensio
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MN101C SERIES INSTRUCTION SET

| Group ‘ Mnemonic Operation Flag CodﬁCyc\eT Re- Exten- Machine Code Notes‘Pag1
VFINF| CF| zF| Size| peat sion 1 2 3 4 5 9
Bce BGT label if((VF°NF)|ZF=0),PC+6+d11(abel)tH-PC| - | - | -- | --| 6 |3/4 0010 0011 0001 <d1l H 31107
if((VFANF)|ZF=1),PC+6-PC
BHI label if(CFIZF=0) PC+5+d7(label}+H-PC | - | - | - | --| 5 |3/4 0010 0010 0010 <d7. ..H x |108
if(CFIZF=1), PC+5-PC
BHI label if(CFIZF=0),PC+6+d11(label+H-PC| - | -~ | -- | --| 6 |3/4 0010 0011 0010 <d1l .H *3 |108
if(CFIZF=1), PC+6-PC
BLS label if(CFIZF=1) PC+5+d7(label)+H-PC | - | - | - | --| 5 |3/4 0010 0010 0011 <d7. .H %2 |109)
if(CFIZF=0), PC+5.PC
BLS label if(CFIZF=1),PC+6+d11(label)+H-PC| - | -- | -- | --| 6 |3/4 0010 0011 0011 <d1l .H *3|109
if(CFIZF=0), PC+6-PC
BNC label if(NF=0),PC+5+d7(label)+H-PC | -- | -- | -- | --| 5 [3/4 0010 0010 0100 <d7. .H * 114
if(NF=1),PC+5-PC
BNC label if(NF=0),PC+6+d11(label)}+H-PC| - | -- | - | --| 6 |3/4 0010 0011 0100 <dil JH 3 |11
if(NF=1),PC+6-PC
BNS label if(NF=1),PC+5+d7(label)+H-PC| - | -~ | -~ | --| 5 |3/4 0010 0010 0101 <d7. ..H *2 |11
if(NF=0),PC+5_PC
BNS label if(NF=1),PC+6+d11(label)+H-PC| - | -- [ - | --| 6 |3/4 0010 0011 0101 <d1l WH 3 |111)
if(NF=0),PC+6-PC
BVC label if(VF=0),PC+5+d7(label)tH-PC | - | - | - | --| 5 |3/4 0010 0010 0110 <d7. .H 2 [117
if(VF=1),PC+5-PC
BVC label if(VF=0),PC+6+d11(label)+H-PC| - | | - | --| 6 |3/4 0010 0011 0110 <d1l WH +3 |11
if(VF=1),PC+6-PC
BVS label if(VF=1),PC+5+d7(label)+H-PC | -- | -~ | -- | --| 5 |3/4 0010 0010 0111 <d7. .H * 113
if(VF=0),PC+5-PC
BVS label if(VF=1),PC+6+d11(label)+H-PC| - | -- | -- | --| 6 |3/4 0010 0011 0111 <d11 .H *3 |113
if(VF=0),PC+6-PC
BRA label PC+3+d4(label)+H-PC -] 3|3 1110 111H <d4> *1 (114
BRA label PC+4+d7(label)+H-PC -] 43 1000 1001 <d7. .H *2 |14
BRA label PC+5+d11(label)tH-PC I I e I 1001 1001 <d11 .H *3 |119
CBEQ  [CBEQ imm8,Dmlabel if(Dm=imm8),PC+6+d7(label)+H-PC|@ (@ | @ | @] 6 [3/4 1100 10Dm <#8. ..> <d7. .H *2 |114
if(Dm#imm8),PC+6-PC
CBEQ imm8,Dm,label if(Dm=immg) PC+8+d11(iabel}+H-PC | @ |@ |@ | @| 8 |4/5 0010 1100 10Dm <#8. .> <dil .H *3 |114
if(Dm#imm8),PC+8-PC
CBEQ imm8,(abs8),label |if{mem8(abs8)=immg),PC+3+d7(abel)tH-PC @ @ |@ (@] 9 |6/7 0010 1101 1100 <abs 8.> <#8. .> <d7. * 117
if(mem8(abs8)#imm8),PC+9- PC
CBEQ imm8,(abs8),label |if(mem(abs8)=mm8) PC+10+d11(label}+H-PC| @ | @ |@ | @ | 10 | 6/7 0010 1101 1101 <abs 8.> <#8. .> <dll H *3 117
if(mem8(abs8)#imm8),PC+10-PC
CBEQ imm8, (abs16) label |ifmemd(as16)=imm8) PC+11:d7(abe)+H-PCl @ (@ |@ | @ | 11 |7/8 0011 1101 1100 <abs 16.. > <#B. <d7. *2 |118
16)#imm8),PC+11-PC
CBEQ imm8,(abs16),label |if{mems(abs16)-imm8)PC+12+d11(abel)+H-PC|@ |@ |@ | @] 12 |7/8 0011 1101 1101 <abs 16.. > <#B. <d11 .H|*3 |11§
16)#immg),PC+12-.PC
CBNE  |CBNE imm8,Dm,label if(Dm#imm8),PC+6+d7(label)+H-PC|@ |@ |@ |@| 6 [3/4 1101 10Dm <#8. ..> <d7. .H> *2 |119
if(Dm=imm8),PC+6-PC
CBNE imm8,Dm,label if(Dm#mm8),PC+8+d11(label*H-PC| @ (@ |@ | @] 8 [4/5 0010 1101 10Dm <#8. ..> <dl1 ~H *3 119
if(Dm=imm8),PC+8-PC
CBNE imm8, (abs8),label |if{mem(abs8)#imm8), PC+3+d7(abelltH-PCl @ | @ | @ |@| 9 |6/7 0010 1101 1110 <abs 8.> <#8. .> <d7. *2 |129
if(mem8(abs8)=imm8),PC+9-PC
CBNE imm8,(abs8),label |if{mem8(abs8)#imme) PC+10+d11(abel+H-PCl/@ |@ |@ |@ | 10 |6/7 0010 1101 1111 <abs 8.> <#8. .> <dl1 WH *3 120
i ),PC+10-PC
CBNE imm8,(abs16),label |if{mem8(abs16)#immg) PC+11+7(abel+H-PCl@ (@ |@ |@ | 11 |7/8 0011 1101 1110 <abs 16.. > <H#8. <d7. * |12
16)=immg),PC+11-.PC
CBNE imm8,(abs16),label |if{mems(abs16)#imm8)PC+12+d11(abel)l+H-PC| @ | @ |@ @ | 12 |7/8 0011 1101 1111 <abs 16.. > <#8. <d11 LWH|*¥3 (121
if(mem8(abs16)=imm8),PC+12-PC
TBZ TBZ (abs8)bp,label if(mem8(abs8)bp=0), PC+7+d7(label}+H-PC| O |@ | O |@ | 7 |6/7 0011 0000 Obp. <abs 8.> <d7. ..H * 122
if(mem8(abs8)bp=1),PC+7-PC
TBZ (abs8)bp,label if(mem8(abs8)bp=0),PC+B+d11(label)+H-PC| O (@ | O |@| 8 [6/7 0011 0000 1bp. <abs 8.> <dll .H *3 (122
if(mem8(abs8)bp=1),PC+8-PC
*1 d4 sign-extension
*2 d7 sign-extension
*3 d11 sign-extensio
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MN101C SERIES INSTRUCTION SET

Group ‘ Mnemonic ‘ Operation Flag Cotﬁcycﬁ Re-|Exten- Machine Code NutejPag1
VF| NF| CF| zF| Size peat| gjon 1 2 3 4 5 8 9 10
TBZ TBZ (i08)bp,label if{mem8(|0TOP+i08)p=0), PC+7+q7(iabeltH-PC| O @ | O | @ | 7 |6/7 0011 0100 Obp. <08 ..> <d7. .H *1 [123]
if(mem8(I0TOP+i08)bp=1),PC+7 - PC
TBZ (i08)bp,label {{mem8(0TOP-+io8)bp=0) PC+8+d11(abe)H-PC O |@ | 0 |@ | 8 |6/7 0011 0100 1bp. <8 ..> <dil LH 2 |123
if(mem8(IOTOP+i08)bp=1),PC+8 - PC
TBZ (abs16)bp,label if(mem(abs16)bp=0) PC+9+d7(label)+H~PC| O (@ | 0 | @ | 9 | 7/8 0011 1110 Obp. <abs 16.. .> <d7. .H 1 (124
if(mem8(abs16)bp=1),PC+9-PC
TBZ (abs16)bp,label if(mem8(abs16)bp=0) PC+10+11 (abel)+H~PC| O |@ | O | @ |10 |7/8 0011 1110 1bp. <abs 16.. L>o<dil .H *2 124
if( 16)bp=1),PC+10-PC
TBNZ  |TBNZ (abs8)bp,label limem(abse)p=1),PC+T+d7(abe)eH-PC| 0 |@ |0 | @ 7 |67 0011 0001 Obp. <abs 8.> <d7. .H *1 [125]
if(mem8(abs8)bp=0),PC+7 - PC
TBNZ (abs8)bp,label if(mem8(abs8)bp=1) PC+B+d11(abel)+H-PC| O |@ |0 | @] 8 |6/7 0011 0001 1bp. <abs 8.> <dil .H *2 125
if(tmem8(abs8)bp=0),PC+8-PC
'TBNZ (i08)bp,label if(mem8(io)op=1),PC+7+d7(label}*H~PC| 0 |@ |0 |@ | 7 |6/7 0011 0101 Obp. <io8 > <d7. .H *1 126
if(mem8(io)bp=0),PC+7 - PC
'TBNZ (i08)bp,label if(mem8(io)bp=1),PC+8+d11(label)}+H-PC| 0 |@ |0 | @ | 8 |6/7 0011 0101 1bp. <io8 ..> <dil .H *2 |126|
if(mem8(io)bp=0),PC+8-PC
TBNZ (abs16)bp,Jabel [f{mems{abs1s)op=1)PC+9+dT(abe)+H-P 0 (@ | 0 | @] 9 |78 0011 1111 Obp. <abs 16.. > <d7. .H 1 |127]
if(mem8(abs16)bp=0),PC+9-PC
TBNZ (abs16)bp,label  [f{mem8(abs16)p=1)PC+10+d11(abe)+H ~PC| O |@® | 0 | @ | 10 | 7/8 0011 1111 1bp. <abs 16.. > <dll .H 2 (127
if(mem8(abs16)bp=0),PC+10-PC
JMP JMP (An) 0-PC.17-16,An-PC.1500~PCH | --- —| 3| 4 0010 0001 0OAO 128)
JMP__label abs18(label)+H- PC | 7|5 0011 1001 OaaH <abs 18b p15~ 0.> *5 128
JSR JSR (An) SP-3-.SP,(PC+3).bp7-0~MeM8(SP) | -- | - | ---| ---| 3 | 7 0010 0001 00AL 129
(PC+3).bp15-8 - mem8(SP+1)
(PC+3).H-mem8(SP+2).bp7,
0-mem8(SP+2).bp6-2,
(PC+3).bp17-16 - mem8(SP+2) bpL-0
0-PC.bp17-16
An-PC.bp15-0,0-PCH
JSR label SP-3-SP,(PC+5).bp7-0 - MemB(SP) |- | ---| || 5 | 6 0001 000H <d12 > 3 |129
(PC+5).bp15-8 - mem8(SP+1)
(PC+5).H-mem8(SP+2).bp7,
0-mem8(SP+2).bp6-2,
(PC+5).bp17-16 -~ mem8(SP+2).bp1-0
PC+5+d12(label)+H-PC
JSR label SP-3-SP,(PC+6).bp7-0 - MemB(SP) |-- | -—- | | | 6 | 7 0001 001H <d16 > *4 |130|
(PC+6).bp15-8 - mem8(SP+1)
(PC+6).H-mem8(SP+2).bp7,
0-mem8(SP+2).bp6-2,
(PC+6).bp17-16 - mem8(SP+2) bpL-0
PC+6+d16(label)+H-PC
JSR label SP-3-SP,(PC+7).bp7-0mem8(SP) |- | - || --| 7 | 8 0011 1001 laaH <abs 18b pl5~ 0.> 5 |130|
(PC+7).bp15-8 - mem8(SP+1)
(PC+7).H-mem8(SP+2).bp7,
0-mem8(SP+2).bp6-2,
(PC+7).bp17-16 — mem8(SP+2).bp1-0
abs18(label)+H-PC
JSRV (thl4) SP-3-SP,(PC+3).0p7-0-Mem8(SP) | ---| ---| | | 3 | 9 1111 1110 <t4> 131
(PC+3).bp15-8-mem8(SP+1)
(PC+3).H-mem8(SP+2).bp7
0-mem8(SP+2).bp6-2,
(PC+3).bp17-16 - mem8(SP+2).bp1-0
mem8(x'004080+thl4<<2) - PC.bp7-0
mem8(x'004080+tbl4<<2+1) ~. PC.bp15-8
mem8(x'004080+thl4<<2+2).bp7 - PC.H
memB(x004080+thl4<<2+2).bp1-0 -
PC.bp17-16
NOP NOP PC+2-PC ||| 21| O 0000 0000 132
NOTE: Pages for MN101CO0O Series Instruction Manual. . .
*1  d7 sign-extension
*2  d11 sign-extension
*3 d12 sign-extension
*4  d16 sign-extension
*5  aa=absl18.17 - 16
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MN101C SERIES INSTRUCTION SET

| Group ‘ Mnemonic Operation

Flag CodeCycl
VF|NF| CF| ZF| Size|

Exten-
sion

Re-

Machine Code
peat 1 2 3 4 6 7

Noteg Pag
1

RTS RTS mem8(SP) - (PC).bp7-0 2|7
mem8(SP+1) - (PC).bp15-8
mem8(SP+2).bp7 - (PC).H
mem8(SP+2).bp1-0 - (PC).bp17-16

SP+3.SP

0000 0001 133

RTI RTI mem8(SP) - PSW 11
mem8(SP+1) - (PC).bp7-0
mem8(SP+2) - (PC).bp15-8
mem8(SP+3).bp7 - (PC).H
mem8(SP+3).bp1-0 ~ (PC).bp17-16
mem8(SP+4) - HA-|
mem8(SP+5) - HA-h

SP+6 - SP

0000 0011 134

Contorl instructions

|REP ‘REP imm3 ‘imm3-1ﬂRF‘C HH‘ 3 ‘ 2 ‘

\ 0010 0001 1rep

1 [139

NOTE: Pages for MN101C Series Instruction Manual.

*1  no repeat whn imm3=0, (rep: imm3-1)

Other than the instruction of MN101C Ser
as macro instructions.

Q

ies,the assembler of this Series has the following instructions

The assembler will interpret the macro instructions below as the assembler instructions.

macro instructions replaced instructions remarks

INC Dn ADD 1,Dn
DEC Dn ADD -1,Dn
INC An ADDW 1,An
DEC An ADDW -1,An
INC2 An ADDW 2 ,An
DEC2 An ADDW -2,An
CLR Dn SUB Dn,Dm n=m
ASL D ADD Dn,Dm n=m
ROL Dn ADDC Dn,Dm n=m
NEG Dn NOT Dn

ADD 1,Dn
NOPL MOVW DWn,DWm n=m
MOV (SP),Dn MOV (0,SP),Dn
MOV Dn,(SP) MOV  Dn,(0,SP)
MOVW  (SP),DWn MOVW  (0,SP),DWn
MOVW DWn,(SP) MOVW DWn,(0,SP)
MOVW  (SP),An MOVW (0,SP),An
MOVW An,(SP) MOVW  An,(0,SP)

Ver3.1(2001.03.26)
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Appendix D MN101C Series Instruction Map

MN2101C SERIES INSTRUCTION MAP

1stnibble\2nd nibble
0 1 2 3 4 5 6 7 8 9 A B C D E F
NOP [RTS MOV #8,(108)| RT1 CMP #8,(abs8)/(abs12) |POP An ADD #8,Dm MOVW #8,DWm| MOVW #8,Am
JSR d12(label) | ISR d16(label) |MOV #8,(abs8)(absi2) | PUSH An OR #8,Dm AND #8,Dm
When the exension code is b'0010"
When the extension code is b'0011'
MOV (abs12),Dm MOV (abs8),Dm MOV (An),Dm
MOV Dn,(abs12) MOV Dn,(abs8) MOV Dn,(Am)
MOV (i08),Dm MOV (d4,SP),Dm MOV (d8,An),Dm
MOV Dn,(io8) MOV Dn,(d4,SP) MOV Dn,(d8,Am)
ADD #4,Dm SUB Dn,Dn BGE d7|BRA d7 |BEQ d7 |BNE d7 [BCC d7|BCS d7 |BLT d7 |BLE d7
BEQ d4 BNE d4 MOVW DWn,(HA)| MOVW An,(HA) |BGE d11|BRA d11|BEQ d11|BNE d11|BCC d11|BCS d11|BLT d11 |BLE d11
MOV Dn,Dm / MOV #8,Dm
BSET (abs8)bp BCLR (abs8)bp
CMP #8,Dm MOVW (abs8),Am| MOVW (abs8),DWm | CBEQ #8,Dm,d7 CMPW #16,DWm| MOVW #16,DWm
MOV Dn,(HA) MOVW An,(abs8) | MOVW DWn,(abs8) | CBNE #8,Dm,d7 CMPW #16,Am|MOVW #16,Am|
MOVW (An),DWm MOVW (d4,SP),Am| MOVW (d4,5P),DWm | POP Dn ADDW #4,Am |BRA d4
MOVW DWn,(Am) MOVW An,(d4,SP) | MOVW DWn,(d4,5P) | PUSH Dn ADDW #8,SP| ADDW #4,5P| JSRV (thld)
Extension code: b'0010'
2nd nible\ 3rd nibble
0 1 2 3 4 5 6 7 8 9 A B C D E F
MOVW An,Am CMPW An,Am MOVW SP,Am |MOVW An,SP |BTST #8,Dm
JMP (A0)[ JSR (A0)| IMP (A1) JSR (AL)| MOV PSW,Dm REP #3
BGT d7 [BHI d7 |BLS d7 |BNC d7|BNS d7 |BVC d7|BVS d7 [NOT Dn ROR Dn
BGT d11{BHId11 |BLS d11|BNC d11|BNS d11|BVC d11|{BVS d11|ASR Dn LSR Dn

SUBW DWn,DWm

SUBW #16,DWm|

SUBW #16,Am

SUBW DWn,Am

MOVW DWn,Am

ADDW DWn,DWm

ADDW #16,DWm| ADDW #16,Am

ADDW DWn,Am

CMPW DWn,Am

MOV (d16,SP),Dm

MOV (d8,SP),Dm

MOV (d16,An),Dm

MOV Dn,(d16,SP)

MOV Dn,(d8,SP)

MOV Dn,(d16,Am)

MOVW DWn,DWm (NOPL @n=m)

CMPW DWn,DWm

ADDUW Dn,Am

EXT Dn,DWm ‘AND#B‘PSW‘ OR#8,PSW

MOV Dn,PSW

ADDSW Dn,Am

SUB Dn,Dm / SUB #8,Dm

SUBC Dn,Dm

MOV (abs16),Dm

MOVW (abs16),Am

MOVW (abs16),DWm

CBEQ #8,Dm,d12

MOVW An,DWm

MOV Dn,(abs16)

MOVW An,(abs16)

MOVW DWn,(abs16)

CBNE #8,Dm,d12

CBEQ #8,(abs8),07/d11 (CBNE #8(abs8) d7/d11

MOVW (d16,SP),Am

MOVW (d16,SP),DWm

MOVW (d8,SP),Am

MOVW (d8,SP),DWm

MOVW (An),Am

ADDW #8,Am |DIVU

MOVW An,(d16,SP)

MOVW DWn,(d16,SP),

MOVW An,(d8,SP)

MOVW DWhn,(d8,SP)

MOVW An,(Am)

ADDW #16,SP MULU
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MN2101C Series Instruction Map

Extension code: b'0011’
2nd nibble\ 3rd nibble
(0] 1 2 3 4 5

6 7 8 9 A

0 |TBZ (abs8)bp,d7

TBZ (abs8)bp,d11

1 |TBNZ (abs8)bp,d7

TBNZ (abs8)bp,d11

2 |CMP Dn,Dm

3 |ADD Dn,Dm

4 |TBZ (i08)bp,d7

TBZ (i08)bp,d11

5 |TBNZ (i08)bp,d7

TBNZ (i08)bp,d11

6 |OR Dn,Dm

7 |AND Dn,Dm

8 |BSET (io8)bp

BCLR (io8)bp

9 |JIMP abs18(label)

JSR abs18(label)

A |XOR Dn,Dm / XOR #8,Dm

B |ADDC Dn,Dm

C |BSET (abs16)bp

BCLR (abs16)bp

D |BTST (abs16)bp

lcmp #8,(abs16)

imov #8,(ab516)|

CBEQ #8,(abs16),d7/11 FBNE #8,(abs16),d7/11

E |TBZ (abs16)bp,d7

TBZ (abs16)bp,d11

F |TBNZ (abs16)bp,d7

TBNZ (abs16)bp,d11
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MN101C46F Revision History

Revision 2.00 to Revision 2.10
July 29, 2001

| Page

| Description of Revision

|Chapter 1General Description

P1 Changed 42-pin SDIL to 42-pin SDIP.

P2 Corrected number of internal interrupts from 10 to 12.

P3 Changed Package from 42-pin SDIL to 42-pin SDIP in table 1-2.

P3 Added 64-pin LQFP to Packagein table 1-2.

P3 Added L QFP064-P-1414 to Package model number in table 1-2..

P3 Added notes to list of description of hardware(table 1-2).

P4 Corrected OSC2 in figure 1-1 from input-output to output.

P5 Added figure 1-2(Flat package version).

P6 Corrected OSC2 in pin description table from iuput-output to output.
P9 Added Conversion relativity accuracy in table 1-6.

P10 Revised figure 1-4.

P11 Deleted description of HSYNC cycle and HSY NC hpase difference.
P12 Added notes of software setup example to table 1-7.

Chapter 2 Basic CPU Functions

P31 Corrected special register areafrom 256bytesto 768bytes.

P32 Deleted HYCONDH and HV CONDWH sync separater to registor map.
P41 Added notes of invoking the Standby mode.

|Chapter 41/0 Ports

| P89

| Added notes of closed-caption decoder contral bit setup for P2MD.

|Chapter 8 Analog/Digital Converter

| P167

I Corrected addres of ADICR register from x’ 03FFB’ to x’ O3FFA’.

|Chapter 10 Closed-Caption Decoder

P181, P182 and
P183

P175 Revised figure 10-2, 10-3 and 10-4.

P175 Added description of register setup ruleto text.

P176 Revised figure 10-5.

P176 Added description of CCD1 to table 10-3.

P177, P179, Added CCD1 Addressto table 10-5, 10-6, 10-7, 10-8 and 10-9.

P185 to P197 Added names and address of CCD1.

P185 Added description of SLCNT register setup to text.
P191 Corrected description of FQSEL register.

P196 Added commend value of HDISTW register.

|Appendix A Register Map

|P235

Deleted HYCONDH and HVY CONDWH sync separater.
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‘ Page

Description of Revision ‘

|Appendix C Instruction Set |

| P240 to P245

| Revised Instruction Set to L atest version.

|Appendix D Instruction Map |

| P246 to P247

I Revised I nstruction Map to Latest version.

Revision 1.30 to Revision 2.00

July 19, 2000
Pagein
Japanese Description of Revision

Chapter 1General Description

1-2 Changed original frequency to 14.32 MHz and minimum instruction execution
timeto 273.3 ns.

1-3 Corrected machine cycle and system clock frequency values.
Added description of CCD VSYNC interrupt.

1-4 Revised CCD frequencies.

1-6 Changed input ports on pin configuration to 1/O ports.

1-7 Changed input portsin pin description table to /O ports.

1-8to0 1-18 Corrected electrical specs, adjusting them for new 14.32-MHz maximum fre-
quency.

1-19 Added HSYNC and VSYNC input conditions.

Chapter 2 Basic CPU Functions

2-1 Changed internal operating frequency to 14.32 MHz and minimum instruction
execution timeto 273.3 ns.

2-16 Added VBIVOICR and VBIV1ICR interrupts to register map.

2-18 Adjusted values for new 14.32-MHz maximum frequency.

2-23 Adjusted values for new 14.32-MHz maximum frequency.

2-27 Adjusted values for new 14.32-MHz maximum frequency.

Chapter 3 Interrupts |

33 Added table with list of interrupt functions.

3-6,3-15 Added VBIVO0 and VBIV 1 interrupt vectors (vector numbers 23 and 24).
3-26 Changed VBIO interrupt to CCDO interrupt.

327 Changed VBI 1 interrupt to CCD1 interrupt.

3-30 Added CCDO VSYNC (VBIVO) interrupt.

331 Added CCD1 VSYNC (VBIV1) interrupt.

Chapter 7 On-Screen Display

7-4 In note 1, added example of maximum horizontal display characters during
NTSC interlacing.

7-5 Changed bit positionsin OSDREGE register.

7-6 Adjusted values for new 14.32-MHz maximum fregquency.

7-10to 7-13 Added display examples.
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Page in

Japanese Description of Revision
7-14 Changed VRAM bhit allocation--(CB code and bit width for blanks/repeti-
tions).
7-17 Changed CRAMEND to RAMEND.
7-36to 7-37 Added to and modified DMA and interrupt timing description.
7-42 Changed OSDREGE bit positions in shutter movement diagram.
7-54 Changed register name.

|Chapter 8 Analog-to-Digital Converter |

8-2t08-11 Adjusted values for new 14.32-MHz maximum frequency.

8-15 Corrected unit symbol for capacitor values.

|Chapter 10 Closed-Caption Decoder |

10-1 Changed settings for sampling frequency control registers.

10-2 Changed settings for sampling frequency control registers.

10-18, 10-33 Adjusted values for new 14.32-MHz maximum frequency.
| Appendices |
| 15-10 | Added VBIVOICR and VBIV1ICR interrupts to register map. |

Revision 1.20 to Revision 1.30
July 26, 1999

Page in
Japanese Description of Revision

|Chapter 3 Interrupts |

| 32 Changed number of internal interruptsfrom 10to 9. |
|Chapter 41/0 Ports |
4-5 Changed notes for P3OUT.
4-12 Changed notes for P2MD.
4-14 Changed description of PCNT2, bits1to 0.
4-21 Revised figure 4-3-7.
4-31 Revised figure 4-3-17.
|Chapter 6 8-Bit Timers |
6-10 Revised setup example 2.
6-13 Revised setup example 3.

|Chapter 7 On-Screen Display |

| 7-26 Changed hi-z control description in figure 7-5-1. |

|Chapter 8 Analog-to-Digital Converter |

8-2 Changed names of ADC input pinsin text and table 8-1-1.
8-3 Changed names of ADC input pinsin figure 8-2-2.
8-6 In figure 8-2-2, changed names of analog input channelsfor A/D control register
1.
8-8 Changed names of ADC input pinsin setup procedures.
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Page in

Japanese Description of Revision
8-10 Changed names of ADC input pinsin table 8-3-1.
8-12 Changed names of ADC input pinsin text.
Changed pin setup registersin (1) of setup example.
Changed names of ADC input pinsin (2) of setup example.
8-13 In figure 8-3-3, changed names of ADC input pins and deleted VREF+ and

VREF- pin names.
Deleted note on ANBUFO register from (9) of setup example.

Chapter 12 ROM Correction

12-5 Added AMCHIM to text.
Changed bit numbersin table 12-3-1.
12-10 Clarified that the ROM correction function cannot be emulated in ICE mode.

Revision 1.10 to Revision 1.20
July 19, 1999

Page in
Japanese

Description of Revision

|Chapter 0 Abo

ut This Manual |

04

Changed example page from image taken from MN101C12G to one from
MN2101C46F

|Chapter 10 Closed-Caption Decoder |

10-5 Changed P24 to P25, P25 to P26, VREFHS to VREFHO, VREFL S to
VREFH1.

10-19 Added description of slice level calculation control register, SLCNT.

10-33,10-34 Added description of slicelevel calculation control register, SLCNT.

10-39 Added slice level calculation control register, SLCNT.

Chapter 11 IRR

emote Signal Receiver

11-3 In figure 11-1-1, added description of PWM input in SLOW mode.
11-5 Added description of RMTC register setup in SLOW mode.
11-16 Added description of RMTC register setup in SLOW mode.

Chapter 14 Pulse Width Modulator

14-1 Deleted “8-bit” from chapter title.

14-2 to 14-7 Described 14-bit PWMs.

14-8 to 14-10 Described 8-bit PWMs.

14-2 Added bus width in figure 14-1-1.

14-4 Revised reset values for TDCHL and TDCCLL registers.
14-6 Revised table 14-1-1 and figure 14-1-9.

14-7 Changed “11" to b’ 11" and “00” to b’ 00".
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Revision 1.00 to Revision 1.10
July 12, 1999

Page in
Japanese Description of Revision

Chapter 1General Description

1-6 Changed fixed polarity of MMOD pin from low to high.
Added description of P21 as n-channel, open-drain, 5-volt pin.
1-7 Added list of pin functions (figure 1-3-2).
1-8t0 1-19 Added electrical specification.
| Appendices
| 15-2to 15-7 Added description of flash EEPROM version.
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