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Preface

This manual describes the hardware of the Mitsubishi
CMOS 8-bit microcomputers 7220 group.

After reading this manual, the user should have a
through knowledge of the functions and features of
7220 group, and should be able to fully utilize the
product. The manual starts with specifications and
ends with application examples.

For details of software, refer to the “SERIES 740
<SOFTWARE> USER’S MANUAL.”

For details of development support tools, refer to the
“DEVELOPMENT SUPPORT TOOLS FOR
MICROCOMPUTERS” data book.



BEFORE USING THIS MANUAL

This user’'s manual consists of the following chapters. Refer to the chapter appropriate to your conditions,
such as hardware design or software development. The M37221M6-XXXSP/FP_is used as a general example
in_describing the functions of the 7220 group, unless other wise noted.

1. Organization

e CHAPTER 1 HARDWARE
This chapter describes features of the microcomputer, pin configuration, pin description, functional
block diagram.

e CHAPTER 2 FUNCTIONAL DESCRIPTION
This chapter describes operation of each peripheral function.

e CHAPTER 3 ELECTRIC CHARACTERISTICS
This chapter describes electric characteristics and standard characteristics.

e CHAPTER 4 M37220M3-XXXSP/FP
This chapter describes differences between the M37220M3-XXXSP/FP and M37221M6-XXXSP/FP.

e CHAPTER 5 APPLICATION
This chapter describes usage and application examples of peripheral functions, based mainly on
setting examples of related registers.

e CHAPTER 6 APPENDIX
This chapter includes precautions for systems development using the microcomputer, a list of control
registers, the mask ROM confirmation forms (mask ROM version) and mark specification forms which
are to be submitted when ordering.



2. Register diagram
The figure of each register structure describes its functions, contents at reset, end attributes as follows:

CPU Mode Register Bits Bit attributes (Note 2)
Values immediately after reset release  (Note 1)

b7 b6 b5b4 b3 b2bl b0

|l | 1 | 1 | 1| 1| |0 |0 | CPU mode register (CPUM) (CM) [Address FB 16]

) Name | Functions (After reset) R W
11111 L oraFix these bits to “0.” N0/ |k
2 |Stack page selection |0: 0 page 1 R W
SR A bit (CM2) 1: 1 page
__________ 3 | Fix these bits to “1.” 1 R:W
to !
Lo 5 1
Pt 6, 7 Indeterminate | R 'W

|:| : Bit in which nothing is assigned

Notes 1: Values immediately after reset release
Qeeeees“Q” after reset release
Jeeesee”1” after reset release
?ececss|ndeterminate after reset release

2: Bit attributeseeseesThe attributes of control register bits are classified into 3 types : read-only, write-only|
and read and write. In the figure, these attributes are represented as follows :

R.oooo.Read W.ooo..Wr‘ite
R eeseeeRead enabled W eeeeee\\/rite enabled
— eeeeesRead disabled — eecees\\rite disabled

[0 eseeee“0” can be set by software, but “1”
cannot be set.
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OVERVIEW

1.1 Performance overview

1.1 Performance overview

The 8-bit microcomputers:

-M37221M4-XXXSP

-M37221M6-XXXSP/FP

-M37221M8-XXXSP

-M37221MA-XXXSP

-M37220M3-XXXSP/FP

have their simple instruction set; the ROM, RAM, and I/O addresses are placed on the same memory map
to enable easy programming.

Furthermore, they have many additional functions for tuning system for TV:

PWM output (14-bit and 8-bit)

CRT display

A-D comparator (resistance string method)

Software runaway detection

Multi-master 12C-BUS interface function

ROM correction function

And also, they can allow low power dissipation by the use of CMOS processing.

The M37221M6-XXXSP/FP is used as a general example in describing the functions of the above microcomputers,
unless otherwise noted.
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OVERVIEW

1.1 Performance overview

The performance overview is shown in Table 1.1.1.

M37220M3-XXXSP/FP
Refer to “CHAPTER 4. M37220M3-XXXSP/FP.”

Table 1.1.1 Performance overview (1)

Parameter

Performance

Number of basic instructions

71

Instruction execution time

0.5 ps (the minimum instruction execution time, at 8
MHz oscillation frequency)

Clock frequency

8 MHz (maximum)

Memory size M37221M4-XXXSP ROM 16 K bytes

RAM 320 bhytes

M37221M6-XXXSP/FP ROM 24 K bytes
RAM 384 bhytes

M37221M8-XXXSP ROM 32 K bytes
RAM 512 bytes

M37221MA-XXXSP ROM 40 K bytes
RAM 640 bytes

CRT ROM 8 K bytes

CRT RAM 96 bytes

Input/Output ports P0o—PO7 I/0 8-bit 0 1 (N-channel open-drain output structure, can be

used as PWM output pins, INT input pins, A-D input pin)

Plo, P1s—P17 I/O 4-bit O 1 (CMOS input/output structure, can be used as
CRT output pin, A-D input pins, INT input pin)

P1:—P14 /10 4-bit 0 1 (CMOS input/output structure, can be used as
multi-master 12C-BUS interface)

P20, P21 110 2-bit 0 1 (CMOS input/output or N-channel open-drain
output structure, can be used as serial 1/O pins)

P2:—P27 110 6-bit 0 1 (CMOS input/output structure, can be used as
serial input pin, external clock input pins)

P30, P31 I/O 2-bit 0 1 (CMOS input/output or N-channel open-drain
output structure, can be used as A-D input pins)

P32 I/O 1-bit O 1 (N-channel open-drain output structure)

P33, P34 Input |2-bit 0 1 (can be used as CRT display clock I/O pins)

P52—P5s Output [4-bit O 1 (CMOS output structure, can be used as CRT
output pins)

Serial 1/0

8-bit O 1

Multi-master 12C-BUS interface

1 (2 systems)

A-D comparator

6 channels (6-bit resolution)

PWM output circuit

14-bit O 1, 8-bit O 6

Timers

8-bit timer O 4

ROM correction function (See note)

32 bytes O 2
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OVERVIEW

1.1 Performance overview

Table 1.1.2 Performance overview (2)

Parameter

Performance

Subroutine nesting

M37221M4-XXXSP
M37221M6-XXXSP/FP

96 levels (maximum)

M37221M8-XXXSP
M37221MA-XXXSP

128 levels (maximum)

Interrupt

External interrupt O 3, Internal timer interrupt O 4, Serial
I/O interrupt 0 1, CRT interrupt O 1, Multi-master 12C-
BUS interface interrupt O 1, f(Xin)/4096 interrupt O 1,
Vswne interrupt 0 1, BRK interrupt 0 1

Clock generating circuit

2 built-in circuits (externally connected to a ceramic
resonator or a quartz-crystal oscillator)

Power source voltage

5V+10%

Power dissipation CRT ON 165 mW typ. (at oscillation frequency f(Xin) = 8 MHz,
fcrr = 8 MHZ)
CRT OFF 110 mW typ. (at oscillation frequency f(Xin) = 8 MHZz)
In stop mode 1.65 mW (maximum)

12V withstand ports

6

LED drive ports

4

Operating temperature range

-10 °C to 70 °C

Device structure

CMOS silicon gate process

Package

M37221M4-XXXSP
M37221M6-XXXSP
M37221M8-XXXSP
M37221MA-XXXSP

42-pin shrink plastic molded DIP

M37221M6-XXXFP

42-pin shrink plastic molded SOP

CRT display function

Number of display characters

24 characters O 2 lines (maximum 16 lines by software)

Dot structure

12 0 16 dots

Kinds of characters

256 kinds

Kinds of character sizes

3 kinds

Kinds of character
colors

Maximum 7 kinds (R, G, B); can be specified by the
character

Display position (horizontal, vertical)

64 levels (horizontal) (0 128 levels (vertical)

Note: Only M37221M8-XXXSP and M37221MA-XXXSP have the function.

1-4
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OVERVIEW

1.2 Pin configuration

1.2 Pin configuration
The pin configurations are shown in Figures 1.2.1 and 1.2.2.

M37220M3-XXXSP/FP
Refer to “CHAPTER 4. M37220M3-XXXSP/FP.”

/
Hsync — [1] 42] — P52/R
Vsyne — [ 2] 41] — P53/G
PO0O/PWMO = [ 3] 40] —= P54/B
PO1/PWM1 =— [ 4] 39| —= P55/0UT1
P02/PWM2 < [5| 38] <= P20/ScLk
PO3/PWM3 < [ 6| 37] <= P21/Sout
PO4/PWM4 == [7| Z = == [36] == P22/SN
POs/PWM5 == [g| &4 @ W W [35] == P10/OUT2
POs/INT2/A-D4 == [9] NRNNRN [34 == PiyscL1
PO7/INT1 = [10] E 2 E E 33] == P12/SCL2
P23/TIM3 = [11] 2> © & & [32] == P13/SDAL
P24/TIM2 < [12] § § § § 31] <= P14/SDA2
P25 = [13] XX X X X [30] == P15/A-D1/INT3
p2s == [1a] BLYLYL [29] == P1o/AD2
P27 == [15 28] = P17/A-D3
D-A —<— [16] 27| = P30/A-D5
P32 < [17| 26| <> P31/A-D6
CNVss — [18| 25| =— RESET
XN — [19] 24] =— OSC1/P33
Xout =— [20] 23] == 0SC2/P34
Vss — [21] 22] =— Vcc
Outline 42P4B

Fig. 1.2.1 Pin configuration (top view) (1)
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OVERVIEW

1.2 Pin configuration

HsyNC
VSYNC
P0Oo/PWMO
P0O1/PWM1
P02/PWM2
P0O3/PWM3
P0O4/PWM4
POs/PWM5
P06/INT2/A-D4
PO7/INT1
P23/TIM3
P24/TIM2
P25

P26

P27

D-A

P32
CNVss

XIN

Xout

Vss

X
= [13 X 30] ==
4—»@ % 29| =
<—>|£ 28] -
4—@ 27| -
<—>|ﬁ 26| ==
—»@ 24| -—
—em () m—

Outline 42P2R-A

P52/R
P53/G
P54/B
P55/0UT1
P20/ScLk
P21/Sout
P22/SIN
P1o/OUT2
P11/SCL1
P12/SCL2
P13/SDA1
P14/SDA2
P1s/A-D1/INT3
Ple/A-D2
P17/A-D3
P30/A-D5
P31/A-D6
RESET
OSC1/P33
OSC2/P34
Vcc

Fig. 1.2.2 Pin configuration (top view) (2)
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OVERVIEW

1.3 Pin description

1.3 Pin description

The pin description is shown in Table 1.3.1.

M37220M3-XXXSP/FP
Refer to “CHAPTER 4. M37220M3-XXXSP/FP.”

Table 1.3.1 Pin description (1)

. Input/ )
Pin Name Functions
Output

Ve, Power source Apply voltage of 5 V = 10 % (typical) to Vecc, and O V to Vss.

Vss

CNVss CNVss Connected to Vss.

RESET Reset input Input |To enter the reset state, the reset input pin must be kept at a “L” for
2 us or more (under normal Vcc conditions).

If more time is needed for the quartz-crystal oscillator to stabilize, this
“L" condition should be maintained for the required time.

Xin Clock input Input |This chip has an internal clock generating circuit. To control generating
frequency, an external ceramic resonator or a quartz-crystal oscillator
is connected between pins Xinand Xour. If an external clock is used,

Xourt Clock output | Output [the clock source should be connected to the Xin pin and the Xour pin
should be left open.

P0o I/0 port PO /0 [Port PO is an 8-bit I/O port with direction register allowing each 1/O bit

PWMO- to be individually programmed as input or output. At reset, this port is

POs/ set to input mode. The output structure is N-channel open-drain output.

PWMS5,

POs/INT2/|PWM output Output |[Pins P0o—PO0Os are also used as PWM output pins PWM0O-PWM5

A-D4, respectively. The output structure is N-channel open-drain output.

PO-/INT1 |External Input [Pins POs , POz are also used as external interrupt input pins INT2,

interrupt input INT1 respectively.
Analog input Input |POs pin is also used as analog input pin A-DA4.

P1o/0OUT2, [I/O port P1 /O |Port P1 is an 8-bit I/O port and has basically the same functions as

P1:1/SCL1, port PO. The output structure is CMOS output.

P1./SCL2, |CRT output Output [Pins Plo is also used as CRT output pin OUT2. The output structure

P1s/SDA1, is CMOS output.

P14/SDA2, | Multi-master /O |Pins P1:—P1s are used as SCL1, SCL2, SDA1 and SDA2 respectively,

P1s/A-D1/ |12C-BUS when multi-master 12C-BUS interface is used. The output structure is

INT3, interface N-channel open-drain output.

P1e¢/A-D2, |Analog input Input [Pins P1s—P17 are also used as analog input pins A-D1 to A-D3

P1:/A-D3 respectively.

External Input |P1s pin is also used as external interrupt input pin INT3.

interrupt input
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OVERVIEW

1.3 Pin description

Table 1.3.2 Pin description (2)

i Input/ i
Pin Name Functions
Output
P20/Scik, |1/O port P2 I/O [Port P2 is an 8-bit I/O port and has basically the same functions as
P21/Sour, port PO. The output structure is CMOS output.
P22/Si, External clock| Input |Pins P23, P24 are also used as external clock input pins TIM3, TIM2
P2:/TIM3, |input respectively.
P24/TIM2, |Serial 1/0 I/0 |P2o pin is also used as serial I/O synchronous clock input/output pin
P2s—P27 |synchronous Scw. The output structure is N-channel open-drain output.
clock input/
output
Serial 1/O data| 1/O |Pins P21, P22 are also used as serial I/O data input/output pins Sour,
input/output Sin respectively. The output structure is N-channel open-drain output.
P30/A-D5/|1/O port P3 I/O [Ports P30—P3z2are 3-bit I/0O ports and have basically the same functions
DAL, as port PO. Either CMOS output or N-channel open-drain output structure
P31/A-D6/ can be selected as the port P30 and P31. The output structure of port
DA2, P3: P32 is N-channel open-drain output.
Analog input Input |Pins P30, P31 are also used as analog input pins A-D5, A-D6 respectively.
P33:/OSCL1, |Input port P3 Input |Ports P3s, P34 are 2-bit input ports.
P34/OSC2 |[Clock input for| Input [P3s pin is also used as CRT display clock input pin OSCL1.
CRT display
Clock output for | Output |P34 pin is also used as CRT display clock output pin OSC2. The
CRT display output structure is CMOS output.
P52/R, Output port P5| Output |Ports P5.—P5s are 4-bit output ports. The output structure is CMOS
P53/G, output.
P54/B, CRT output Output [Pins P5:—P5s are also used as CRT output pins R, G, B, OUT1
P5s5/0OUT1 respectively. The output structure is CMOS output.
Hsvyne Hsvyne input Input |This is a horizontal synchronous signal input for CRT.
Vsvyne Vsyne input Input |This is a vertical synchronous signal input for CRT.
D-A DA output Output [This is a 14-bit PWM output pin. The output structure is CMOS output.

1-8
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OVERVIEW

1.4 Functional block diagram

1.4 Functional block diagram

The functional block diagram is shown in Figure 1.4.1.

M37220M3-XXXSP/FP

Refer to “CHAPTER 4. M37220M3-XXXSP/FP.”
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FUNCTIONAL DESCRIPTION

2.1 Central processing unit

2.1 Central processing unit

The CPU of the M37221M6-XXXSP/FP has six main registers.

The program counter (PC) is a 16-bit register consists of PCx and PC., both of which are 8-bit registers.
The other five registers: the accumulator (A), index register X (X), index register Y (Y), stack pointer (S) and
processor status register (PS), all have an 8-bit configuration.

Note: The contents of registers above except the following are indeterminate after a hardware reset. Therefore,
initialize these registers by software.
» The Interrupt disable flag | of the processor status register = “1”
» The program counter = the contents of addresses FFFEis and FFFFis

Figure 2.1.1 shows the registers configuration diagram of M37221M6-XXXSP/FP.

7 0

| A | Accumulator (A)
7 0

| X | Index Register X (X)
7 0

| Y | Index Register Y (Y)
7 0

| S | Stack Pointer (S)

7 0 7 0
PCH | PCL | Program Counter (PC)

7 0
IN][V[T[B[D[I|Z[C| Processor Status Register (PS)

Carry Flag

Zero Flag

Interrupt Disable Flag

Decimal Operation Mode Flag
Break Flag

X Modified Operation Mode Flag
Overflow Flag

Negative Flag

Fig. 2.1.1 Registers configuration diagram

2.1.1 Accumulator (A)

The accumulator is the central register of the microcomputer and 8-bit register.

This general-purpose register is used with considerable for arithmetic operations, data transfer, temporary
clearing, condition judgments, etc.

2.1.2 Index register X (X), index register Y (Y)

The M37221M6-XXXSP/FP has the index register X and the index register Y, both of which are 8-bit
registers.

In the addressing modes which use these index registers, the register contents are added to the specified
address and this becomes the actual address. These modes are used for referencing subroutine tables and
memory tables.

The index registers, which have increment, decrement, comparison and data transfer functions, are also
used as simple accumulators.

2-2 7220 Group User’'s Manual
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2.1 Central processing unit

2.1.3 Stack pointer (S)

The stack pointer is an 8-bit register used for interrupts and subroutine calls.

The stack area can be assigned into the internal RAM.

The internal RAM of M37221M6-XXXSP/FP is assigned in the zero page and the page 1. The both area
can use for the stack area. The stack area is specified with the CPU mode register (address 00FB1s). At
reset, the stack area is specified to the page 1 automatically.

Note: Storing data in the stack area fills the RAM area with stored data in order, therefore make sure the
depth of interrupt levels and the subroutine nesting.

The stack area and stack pointer (S) should be specified in the initialization of software. When the stack
area is specified to “1,” even if the value of stack pointer is over “0016" (stack address is 01001s), the stack
area value never change to “0” automatically. Therefore in this case, change the stack area value by
software.

CPU Mode Reqister

b7 b6 b5b4b3 b2b1 b0
1{1]1]1f{1] |O|O] CPU mode register (CPUM) (CM) [Address O0FB16]

A T Name | Functions Afterreset | R W
b0 i o, 1|Fix these bits to “0.” 0 RIW
o 2 |Stack page selection |0: 0 page (Note) 1 R W
oo T bit (CM2) 1: 1 page
__________ 3 | Fix these bits to “1.” 1 R:wW
Lo to '
- 5 |
oot 6,7 Indeterminate | R ‘W

Note: This bit is set to “1” after reset release.

Fig. 2.1.2 CPU mode register

With the stack pointer during a interrupt or subroutine call, the processing is performed automatically in the
following sequence (refer to “Figure 2.1.3" ).
O The contents of high-order 8 bits of the program counter (PCw) are stored at an address indicated as
below:
* The high-order 8 bits are the stack area value (“0016” or “0lis").
* The low-order 8 bits are the stack pointer contents.
O The stack pointer contents are decremented by 1.
O The contents of low-order 8 bits of the program counter (PC.) are stored at an address indicated as
below:
» The high-order 8 bits are the stack area value (“001s” or “0lis").
» The low-order 8 bits are the stack pointer contents.
O The stack pointer contents are decremented by 1.
O The contents of the processor status register (PS) are stored at an address indicated as below:
* The high-order 8 bits are the stack area value (“0016” or “0lis").
» The low-order 8 bits are the stack pointer contents.
O The stack pointer contents are decremented by 1.

7220 Group User's Manual 2-3
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2.1 Central processing unit

Storing of the processor status register in items O and O above is not performed during a subroutine call.
Execute the PHP instruction in a program to push the processor status register onto a stack.
To prevent data from losing during interrupts and subroutine calls, push the other registers onto a stack
by software as described above.
For example, execute the PHA instruction to push the accumulator contents onto a stack. Executing the
PHA instruction stores the accumulator contents at an address indicated as below:

» The high-order 8 bits are the stack area value (“001s” or “0l1s").

» The low-order 8 bits are the stack pointer contents.
The stack pointer contents are then decremented by 1.

Execute the RTI instruction to return from an interrupt routine.
When the RTI instruction is executed, the processing is performed automatically in the following sequence
(refer to “Figure 2.1.3" ).
0 The stack pointer contents are incremented by 1.
0 The contents at the address indicated as below are restored to the processor status register.
» The high-order 8 bits are the stack area value (“001s” or “0lis").
* The low-order 8 bits are the stack pointer contents.
0 The stack pointer contents are incremented by 1.
O The contents at the address indicated as below are restored to low-order 8 bits of the program counter
(PCu).
» The high-order 8 bits are the stack area value (“001s” or “011s").
» The low-order 8 bits are the stack pointer contents.
0 The stack pointer contents are incremented by 1.
O The contents at the address indicated as below are restored to high-order 8 bits of the program counter
(PCw).
» The high-order 8 bits are the stack area value (“001s" or “0lis").
* The low-order 8 bits are the stack pointer contents.
Restoring of the processor status register in items 0 and O above is not performed in this case. Execute
the RTS instruction to return from a subroutine.
Execute the PLP instruction and PLA instruction to restore the processor status register and the accumulator,
respectively.
Executing the PLP (PLA) instruction increments the stack pointer by 1 and restores the contents at the
address indicated as below to the processor status register.
» The high-order 8 bits are the stack area value (“001s” or “011s").
* The low-order 8 bits are the stack pointer.

2-4 7220 Group User’'s Manual
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2.1 Central processing unit

E On-going routine H

i

Interrupt request >

) — -1

Interrupt routine

M(S) < (PCH)

M(S) «— (PCL)
() ~— (51

Execute RTI

Execut.e RTS
(S) ~—— (§)*1
(PCL) =—— M(S)

! ) ~— O+

(PCL) ~— M(S)

(PCH) : Contents of high-order 8 bits of program counter

(PCL) : Contents of low-order 8 bits of program counter

(PS) : Contents of processor status register

(S) : Contents of stack pointer

M : Memory

RTI :Instruction for returning from interrupt routine to main routine
RTS : Instruction for returning from subroutine to main routine

Fig. 2.1.3 Sequence of push onto/pop from a stack during interrupts and subroutine calls
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2.1 Central processing unit

2.1.4 Program counter (PC)

The program counter is a 16-bit counter consists of PCn and PC., both of which are 8-bit registers.
The program counter indicates the address of the program to be executed next.

The M37221M6-XXXSP/FP uses the stored program system. To start a new operation, transfer the instruction
and the data, from the memory to the CPU. Ordinary, the program counter is controlled to indicate the
memory address to be sent next. After each instruction is executed, the instruction required next is called
out and this cycle is repeated until finished.

Note: The program counter of the M37221M6-XXXSP/FP is controlled automatically; however, make sure
to avoid differences between program flow and the program counter contents when operating the
stack pointer or directly changing the program counter contents.

2.1.5 Processor status register (PS)

The processor status register is an 8-bit register. It consists of 5 flags, which indicate the state after
arithmetic operations related to the internal CPU, and 3 flags which determine operation.

The following explains each of these flags. Refer to “6.9 Machine instruction table” of this USER’S
MANUAL or “SERIES 740 <SOFTWARE> USER’S MANUAL"” concerning the change of these flags.

(1) Carry flag (C) coovvieeciieeeeeeeee e Bit O
This flag stores any carry or borrow from the ALU after an arithmetic operation and is also changed
by the Shift instruction or Rotate instruction.
This flag is set to “1” by using the SEC instruction and is cleared to “0” by using the CLC instruction.

(2) Zero flag (Z) oo Bit 1
This flag is set to “1” when the result of an arithmetic operation or a data transfer is “0” and is cleared
to “0” by any other result.
This flag has no meaning in the decimal mode.

(3) Interrupt disable flag (I) .oooeveeeeeeiieieeeeeee, Bit 2
This flag disables interrupts. When this flag is “1,” all interrupts except the BRK interrupt and reset
are disabled. This flag immediately becomes “1" when an interrupt is received. This flag is set to “1”
by using the SEI instruction and is cleared to “0” by using the CLI instruction.

(4) Decimal operation mode flag (D) .ccceeevvinnees Bit 3
This flag determines whether addition and substruction are performed in binary or decimal notation.
Binary arithmetic is performed when this flag is “0” and decimal arithmetic is performed with treating
each word as a 2-digit decimal when this flag is “1.” Decimal adjust is performed automatically at this
time. This flag is set to “1” by using the SED instruction and is cleared to “0” by using the CLD
instruction. Only the ADC and SBC instructions are used for decimal arithmetic.
Since this flag directly affects calculations, always initialize it after a reset.

(5) Break flag (B) ...ocooovcviviiiiiriiiee e Bit 4
This flag determines whether or not an interrupt occurred by using the BRK instruction. When a BRK
instruction interrupt occurs, the flag B is set to “1”; for all other interrupts the flag is set to “0” and
pushed to the stack.
For the M37221M6-XXXSP/FP, interrupt vectors by using the BRK instruction are independent of
other interrupts, and it is possible to determine the cause of interrupt by jumping to the vector
address inherent to each interrupt. Therefore, it is not specifically necessary to refer to this flag.

Note: The BRK instruction will be used for debugging.
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2.1 Central processing unit

7 4 0 Bit
\//\

S

S+1 | 1 | =B Flag PS (processor status register)

S+2 |PCL (low-order of program counter)
S+3 | PCH (high-order of program counter)

\_/\

Fig. 2.1.4 Contents of stack after execution of BRK instruction

(6)

)

(8)

X modified operation mode flag (T) .............. Bit 5
This flag determines whether arithmetic operations are performed via the accumulator or directly
between memories. When the flag is set to “0”, arithmetic operations are performed between the
accumulator and memory. When “1,” arithmetic operations are performed directly between memories.
This flag is set to “1” with the SET instruction and is cleared to “0” with the CLT instruction.
Since this flag directly affects calculations, always initialize it after a reset.
m When the T flag = “0”

A-AIOM

O : indicates an arithmetic operation
|:A . accumulator contents :|

M: contents of the memory specified by the addressing of the arithmetic operation
m When the T flag = “1”

M1-M1 O M2

O : indicates arithmetic operation
|:M1: contents of memory specified directly with index register X :|

M2: contents of the memory specified by the addressing of the arithmetic operation

Overflow flag V ..o Bit 6

This flag is set to “1” when an overflow occurs in the result of an arithmetic operation involving signs.
An overflow occurs when the result of an addition or subtraction exceeds +127 (7Fis) or —128 (801s).
The CLV instruction clears the overflow flag to “0.” There is no instruction for setting this flag to “1.”
When the BIT instruction is executed except the above, bit 6 of the memory executed by the BIT
instruction is set to the overflow flag.

This flag has no meaning in decimal mode.

Note: Overflows do not occur when the result of an addition or subtraction is smaller than the above
numerical values or an addition is performed between different signs.

Negative flag (N) oo Bit 7

This flag is set to “1” when the result of a data transfer or arithmetic operation is negative (bit 7 is
“1"). When the BIT instruction is executed, bit 7 of the memory executed by the BIT instruction is
set to the negative flag. This flag can be used to determine whether the results of arithmetic operations
are positive or negative, and also to perform a simple bit test. There are no instructions for directly
setting or clearing this flag.

This flag has no meaning in decimal mode.
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2.2 Access area

2.2 Access area

The ROM, RAM and various I/O control registers are assigned within the same memory area. Therefore, the
same instructions are used for data transfers and arithmetic operations without making any distinction

between memory and 1/0O.

Since the program counter is a 16-bit register, 64 K-byte memory area can be accessed: from addresses

as 000016 to FFFFus.

The first 256 bytes of the 64 K-byte memory area are called the “zero page” and the last 256 bytes are
called the “special page.” These areas can be accessed with only 2 bytes by using each special addressing

mode.

M37220M3-XXXSP/FP
Refer to “CHAPTER 4. M37220M3-XXXSP/FP.”

RAM
(384 bytes)
for
M37221M6

ROM
(24 K bytes)
for
M37221M6

A A

RAM
(320 bytes)
for
M37221M4

CRT display RAM
(96 bytes)
(See note)

ROM
(16 K bytes)
for
M37221M4

000016

00CO016

00FF16

\ {
017F16

01BF16

060016
06B716
A00016

C00016

FF0016
FFDE16

FFFF16

Internal RAM

SFR area
Special function register
(Refer to Figures 2. 3. 3 and 2. 3. 4)

Internal RAM

Not used

RAM
for display

Not used

Internal ROM

Interrupt vector area

CRT display RoM | 1000016
(8 K bytes)
Zero page
11FFF16

: Internal ROM area for
program counter

}Special page
1FFFF16

ROM
for display

Not used

Note: Refer to Table 2.11.4 Contents of CRT display RAM.

Fig. 2.2.1 Access area of M37221M4-XXXSP and M37221M6-XXXSP/FP
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2.2 Access area

000016 1000016
Internal RAM
Zero page
( RAbM ) ( RAbM ) 00CO016 SFR area
640 bytes 512 bytes Special function register ;
for for OOFF16 | (Refer to Figures 2. 3.310 2. 3.5) CRTSdEEIay ROM
M37221IMA~ | M37221M8 \ (8 K bytes)
Internal RAM
O1FF1s 11FFF16
Not used
021716 -
021B1s 2 page register
Not used
02CO016 - i -
ROM correction ROM correction memory
02FF16 memory (RAM) Block 1: addresses 02C016 to 02DF16
030016 ... Block 2: addresses 02E016 to 02FF16
Internal RAM -
033F16
03BF16
Not used
CRT display RAM 060016 RAM
(96 bytes) for displa
(See note) 06B716 Py ]
6000 Not used : Internal ROM area for
10 program counter
800016
ROM ROM
(40 K bytes) | (32 K bytes) Lzl ROk
for for
M37221MA M37221M8
FFOO016
FFDE1e s :
pecial page
FEFF16 Interrupt vector area IFFFF1s

Note: Refer to Table 2.11.4 Contents of CRT display RAM.

ROM
for display

Not used

Fig. 2.2.2 Access area of M37221M8-XXXSP and M37221MA-XXXSP
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2.2 Access area

2.2.1 Zero page (addresses 0000 16 to OOFF 15)
The 256 bytes from address 000016 to address 00FF1s
are called “zero page”.

The internal RAM, I/O ports, timer, serial 1/0, A-D
comparison, PWM output, CRT display and interrupt
related registers all present within this area.
These registers were called “special function registers”
in distinction from the accumulator, index registers
and so on in the CPU.

The addressing modes as shown in Table 2.2.1 are
used to specify memory (RAM) and special function
registers in the zero page area.

Those modes dedicated to the zero page area are
marked with a symbol (O).

This area can be accessed with shorter instructions
by using these modes.

2.2.2 Special page (addresses FFO0 16 to FFFF1s)
The 256 bytes from address FF001s to address FFFFis
within the internal ROM are called “special page
area”.

The addressing modes as shown in Table 2.2.2 are
used to specify memory in the special page area.
Those modes dedicated to the special page area
are marked with a symbol (0).

This area can be accessed with shorter instructions
by using these modes.

Subroutines used with considerable frequency are
ordinary assigned in this area.

Table 2.2.1 Zero page addressing

Addressing mode

Bytes required

0 Zero page

2

O Zero page Indirect

O Zero page X

[0 Zero page Y

O Zero page Bit

00 Zero page Bit Relative

Absolute

Absolute X

Absolute Y

Relative

Indirect

Indirect X

Indirect Y

NN [WIN W [W[WWININININ

Table 2.2.2 Special page addressing

Addressing mode

Bytes required

O Special page

2

Absolute

Absolute X

Absolute Y

Relative

Indirect

Indirect X

Indirect Y

NINITWIN W |W|Ww
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2.3 Memory assignment

2.3 Memory assignment

Figures 2.3.1 and 2.3.2 show the memory assignment. The ROM, RAM and I/O assigned in this memory
area are described below.

M37220M3-XXXSP/FP
Refer to “CHAPTER 4. M37220M3-XXXSP/FP.”

Hexadecimal notation Decimal notation
0 1000016 65536
000016 CRT display ROM
/ Internal RAM (8 K bytes) ROM
for displa
RAM RAM 00CO16 SFRarea_ 192 Zero page play
(384 bytes) (320 bytes) Special function register 11FFF16 73727
for for 00FF16 (Refer to Figures 2. 3.3 and 2. 3. 4) 255
M37221M6 M37221M4 010016
~N Internal RAM
017F16 383
01BF16 447
Not used
CR-I;gdésgl?y I)?AM 060016 RAM 1536
ytes for displa
(See note) 06B716 g 1719
Not used Not used
A00016 40960
C00016 49152
Internal ROM
ROM ROM
(24 K bytes) (16 K bytes)
for for

M37221M6 M37221M4

FFO0016 65280

Interrupt vector area 65502 Special page
FFFF16 P 65535 1FFFF16 131071
Note: Refer to Table 2.11.4 Contents of CRT display RAM.

Fig. 2.3.1 Memory assignment of M37221M4-XXXSP and M37221M6-XXXSP/FP
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2.3 Memory assignment

00016
RAM RAM 00CO016
640 bytes 512 bytes
( fo?l ) ( oslt ) OOFF16
M37221MA { M37221M8 <, {210015
1FF16
021716
021B16
02CO016
02FF16
{030016
033F16
03BF16
CRT display RAM (060016
(96 bytes)
(See note) 06B716
600016
800016
ROM ROM
(40 K bytes) |/ (32 K bytes)
for for
M37221MA M37221M8
FFOO16
FFDE16
FFFF16

Hexadecimal notation

Decimal notation

0 1000016
Internal RAM
Zero page
S _Slth?’ea . 192 CRT display ROM
pecial function register
(Refer to Figures 2. 3.310 2. 3.5) | 255 (8 K bytes)
Internal RAM
511 11FFF16
Not used
- 535
2 page register 540
Not used
) 704 _
ROM correction ROM correction memory
memory (RAM) 767 | Block 1: addresses 02C016 to 02DF16
768 | Block 2: addresses 02E016 to 02FF16
Internal RAM )
831
959
Not used 1536
RAM
for displa
ray 1719
Not used
24576
32768
Internal ROM
65280
65502 \ gheci
pecial page
Interrupt vector area 65535 1FFFF16

Note: Refer to Table 2.11.4 Contents of CRT display RAM.

ROM
for display

Not used

65536

73727

131071

Fig. 2.3.2 Memory assignment

of M37221M8-XXXSP and M37221MA-XXXSP
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2.3 Memory assignment

CO1e
Clie
C216
C316
C4ie
Cb516
C61e
C716
C816
C916
CA1s6
CBu1e
CCis
CD1se
CEz1s
CFie
D016
D116
D216
D316
D416
D516
D616
D716
D816
D916
DAu1s
DBuis
DCis
DDaie
DEis
DFie

Address

Register

Port PO (PO)
Port PO direction register (DO)
Port P1 (P1)
Port P1 direction register (D1)
Port P2 (P2)
Port P2 direction register (D2)
Port P3 (P3)
Port P3 direction register (D3)

Port P5 (P5)
Port P5 direction register (D5)

Port P3 output mode control register (P3S)
DA-H register (DA-H)

DA-L register (DA-L)

PWMO register (PWMO)

PWM1 register (PWM1)

PWM2 register (PWM2)

PWMS register (PWM3)

PWM4 register (PWM4)

PWM output control register 1 (PW)
PWM output control register 2 (PN)
I2 C data shift register (S0)

12 C address register (SOD)

12 C status register (S1)

12 C control register (S1D)

12 C clock control register (S2)
Serial I/O mode register (SM)
Serial I/O register (SI10)

m SFR Area (addresses CO16 to DF16)

<Bit allocation>

I:I : } Function bit
:

o
[o]:

;

No function bit

Fix this bit to “0”
(do not write “1")

Fix this bit to “1”
(do not write “0")

Bit allocation
b7

b0 b7

<State immediately after reset >
[0]: “0” immediately after reset
: “1” immediately after reset

- Indeterminate immediately
after reset

State immediately after reset
b0

?

0016

?

0016

?

0016

oloJo[2]2]2]2]~

0016

?

?

0]0]2]2]2]2]212

0016

?

| 0 | 0 |psis|pas

0016

?

olof2?2]2]2]21]2]~

?

N[N

?

PW7|PW6|PW5|PW4|PW3|PW2|PW1|PWO

0016

PN4 ] PN3|PN2

0016

D7 | D6 | D5 (D4 | D3 | D2 | D1 | DO

?

SADG6|SAD5|SAD4 SAD3|SAD2 (SAD1|SADO [RBW

0016

MST|TRX| BB | PIN | AL |AAS |ADO |LRB

ololol1]oflo]o]~

BseL1|sseLo| 10BT| aLs|Es0 |BC2 [BC1 |BCO

0016

SAD
ACK | ACK ccra|ccra| cera|ceri|ccro

BIT {MOD

0016

FAST
SM3| SM2| SM1|SMO

sme|sMs| 0

0016

?

0016

0016

0016

0016

Fig. 2.3.3 Memory map of SFR (special function register) (1)
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2.3 Memory assignment

m SFR Area (addresses EO16 to FFis)

Address Register

EO16
Elis
E216
E316
E416
E516
E616
E716
E816
E916
EA1e
EB1e
EC1s6
ED1s
EE1e
EF16
FO16
Flie
F216
F316
F41e
F516
F616
F716
F816
F916
FA1e
FB16
FCie
FD1e
FE16
FFi6

Horizontal position register (HR)
Vertical position register 1 (CV1)
Vertical position register 2 (CV2)

Character size register (CS)
Border selection register (MD)
Color register 0 (CO0)

Color register 1 (CO1)

Color register 2 (CO2)

Color register 3 (CO3)

CRT control register (CC)

CRT port control register (CRTP)
CRT clock selection register (CK)
A-D control register 1 (AD1)
A-D control register 2 (AD2)
Timer 1 (TM1)

Timer 2 (TM2)

Timer 3 (TM3)

Timer 4 (TM4)

Timer 12 mode register (T12M)
Timer 34 mode register (T34M)
PWMS5 register (PWM5)

Interrupt input polarity register (RE)

CPU mode register (CPUM)

Interrupt request register 1 (IREQ1)
Interrupt request register 2 (IREQ2)
Interrupt control register 1 (ICON1)
Interrupt control register 2 (ICON2)

<Bit

[]
[]

b7

allocation >
} Function bit

: No function bit
: Fix this bit to “0”
(do not write “17)

: Fix this bit to “1”
(do not write “0”)

Bit allocation

0 b7

<State immediately after reset >

[0]:“0” immediately after reset
: “1” immediately after reset

. Indeterminate immediately
after reset

State immediately after resebt
0

HR5(HR4| HR3| HR2

HR1

HRO

0016

cviecvis|cvidlcvag|evizlevitieviol [ O | 2 [ 2 | 2 [ 2 | 2| 2 | ?
cvae|cvas|cvaalcvas(eveeleveifev2ol [ O [ 2 [ 2 |2 | 2| 2| 2 | ?
?
cszifcszolcsiifesof | O | O[O | O[22 12| 2
MD20 MD10 0 OO0 010|202
€007 | c006 [ coos |coo4 | coo3| cooz| cool 0016
€017 co16 | co15|co14 | co13| co12| coil 0016
€027 €026 [ co25|co24 | cO23| CcO22| CO21 0016
€037 c036 | co35|co34 | co33| co32| cosl 0016
cc7 cc2|cci |cco 0016
?
OP7 | OP6 [ OP5 | OUT1| OUT2 | RIG/B| VSYC | HSYC 0016
0] 0| 0| Of O O |cki|cko 0016
ADM4 ADM2 [ADM1 [ADMO 0|0|0|?|0|0|0|0
ADC5 |ADC4 | ADC3 |ADC2 [ADC1 [ADCO 0016
FFie
0716
FFie
0716
O ([T12m4 | T12M3 [T12M2 | T12M1 [T12MO 0016
T34M5 | T34M4 | T34M3 | T34M2 | T34M1 [T34MO 0016
?
?
?

0 | [res[rea[res0[ 0] [|oJofofofoofo["
0016 0016
1lalafafalovelolof[2]2]2]2]ala]o]o
IT3R | ICR [VSCR [CRTR|TM4R [TM3R |TM2R |TM1R 0016
0 MSR SIR|LT2R [ITIR 0016
IT3E | ICE |VSCE |CRTE | TM4E [TM3E |TM2E |TM1E 0016
O |0 |0 |MSE| 0 |S1E[1T2E[1TIE 0016

Fig. 2.3.4 Memory map of SFR (special function register) (2)
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FUNCTIONAL DESCRIPTION

2.3 Memory assignment

m 2 Page Register Area (addresses 21716 to 21Ba1s)

<Bit allocation > <State immediately after reset >
I:I; @ : “0” immediately after reset
} Function bit
1 : “1” immediately after reset
[]: No function bit [2]: Indeterminate immediately
after reset

: Fix this bit to “0”
(do not write “1")

[1]: Fix this bit to “1”
(do not write “0”)

Address Register Bit allocation State immediately after reset
b7 b0 b7 b0
21716 ROM correction address 1 (high-order) |ADH17APHIGADH15|ADH14 ADHIJADH1J ADHLIIADH10 2
21816 ROM correction address 1 (low-order) |ADLL7|ADLIS|ADL15|ADL14| ADL13{ADL12{ADL11|ADLLO ?
21916 ROM correction address 2 (high-order) ADH27ADH26|/ADH25{ADH24| ADH23 ADH22 ADH2{ADH20) ?
21A16 ROM correction address 2 (Iow-order) ADL27[ADL26(ADL25]|ADL24| ADL23|ADL22| ADL21| ADL20| ?
21B16 ROM correction enable register (RCR) 0 | O |RCRIJRCRO 0016

Note: Only M37221M8-XXXSP and M37221MA-XXXSP have this area.

Fig. 2.3.5 Memory map of 2 page register (only M37221M8-XXXSP and M37221MA-XXXSP)

7220 Group User's Manual 2-15
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2.3 Memory assignment

2.3.1 Internal RAM

The static RAM is assigned.

The internal RAM is used as a stack area for subroutine calls and interrupts as well as for storing data.
Both zero page and page 1 are used as a stack area. At reset, the page 1 is specified automatically.
Ordinary, the stack pointer is set to the highest address in the internal RAM of the page 1 during initialization
immediately after power on.

This stack pointer moves to lower addresses as the nesting depth increases; therefore, make sure the
subroutine nesting and interrupt levels to prevent the stored data destroying necessary data in the RAM.
When the stack page is specified “1,” if the value of stack pointer exceeds address 01001, the value of
stack page never change to “0” automatically. In this case, set the stack page value to “0” and set the stack
pointer value to the highest address by software.

2.3.2 1/0 ports (addresses 00CO 16 to 00CD 16)

Addresses 00CO01s to 00CD1s are assigned to the ports, port direction registers and the port P3 output mode
control register. There are 5 ports: PO, P1, P2, P3 and P5. Ports PO, P1 and P2 are the 8-bit programmable
I/O ports. Port P3 consists of 5 bits. The low-order 3 bits (P3:—P32) are the programmable 1/O ports, and
the high-order 2 bits (P3s and P3.) are the input ports.

For I/O ports PO, P1, P2 and P30—P32, input or output can be specified in bit units by setting the relevant
values to each port direction register.

To specify port bits as output pins, write “1” to the corresponding bit of the port direction register.
Conversely, write “0” to the corresponding bit to specify as an input pin.

For example, to use the even numbered bits of port P2 as output ports and the odd numbered bits as input
ports, write “5516 (010101012)" to address 00C51s (the port P2 direction register) at initialization.
Although Port P5 is an output port, it can be specified as the CRT output pins (R, G, B, OUT1) or as
general-purpose port (P52—P5s) by setting each bit in the port P5 direction register.

When setting “0,” it is used for the CRT output pins (R, G, B, OUT1), and when setting “1,” it is used as
general-purpose output ports (P52—P5s).

Note: Each port direction register default is “input” (port P5 is “CRT output”) immediately after reset

release.

Write “5516” to port P2 direction register
00C416 Port P2 Port P2 direction register
00C516 | Port P2 direction register = 0|1(0|1(0|1|0|1

7 6 5 4 3 2 1 O0pgj
Port P2
s|2|ls|2|ls|3|ls|3
2|1512|15/2|§5|2|8
7 6 5 4 3 2 1 O0gj

Fig. 2.3.6 1/O setting example of port

2-16 7220 Group User’'s Manual



FUNCTIONAL DESCRIPTION

2.3 Memory assignment

2.3.3 DA registers (addresses 00CE 16 and O0CF 1s)

The DA-H register is assigned to address 00CEis, and the DA-L register is assigned to address 00CFus.
Both registers consist of 8 bits.

The DA-H register is used to set the high-order 8 bits of 14-bit PWM output data. The DA-L register is used
to set the low-order 6 bits of 14-bit PWM output data (set to bits 0 to 5). Bits 7 is not used.

2.3.4 PWM registers (addresses 00D0 16 to 00D41s and O0F6 1)

The PWMO to PWM4 registers are assigned to addresses 00D01s to 00D41s and PWM5 register is
address 00F61s. All registers consist of 8 bits.

These registers are used to set the output data corresponding to six 8-bit PWM (PWMO0-PWM5).

2.3.5 PWM output control registers (addresses 00D5 16 and 00D6 16)

The PWM output control register 1 is assigned to address 00D516 and the PWM output control register 2
is assigned to address 00D6s.

Both registers consist of 8 bits, and used to select the PWM count source etc. The high-order 3 bits and
the low-order 2 bits of the PWM output control register 2 are not used.

2.3.6 Multi-master | 2C-BUS related registers (addresses 00D7 16 to 00DB 1s)

The I?2C data shift register, the I2°C address register, the I2C status register, 12C control register and the 12C
clock control register are assigned to addresses 00D71s, 00D81s, 00D916, 00DA1s and 00DB1s respectively.
All registers consist of 8 bits.

The 12C data shift register is a 8-bit shift register to store receive data and write transmit data.

The I12C address register consists of a 7-bit slave address and a read/write bit.

The 12C status register controls the I2C-BUS interface status. The low-order 4 bits are read-only bits and
the high-order 4 bits can be read out and written to.

The 12C control register controls data communication format.

The 12C clock control register is used to set ACK control, SCL mode and SCL frequency.

2.3.7 Serial I/O related registers (addresses 00DC 15 and 00DD 1s)

The serial 1/0 mode register is assigned to address 00DCis and the serial 1/O register is assigned to
address 00DDis. Both registers consist of 8 bits.

The serial /0 mode register is used to select the synchronous clock and the serial I/O port function by its
low-order 4 bits. Bit 5 selects the transfer direction, and bit 6 selects the serial data input pin. Bit 4 is set
to “0.” Bit 7 is not used.

The serial 1/O register is used to write transfer data.

2.3.8 CRT display related registers (addresses 00EO 16 to O0OEC6)

(1) Horizontal position register (address 00EO0  16)
The horizontal position register is assigned to address 00EOis. This register consists of 8 bits, and
is used to specify the horizontal position of CRT display. Bits 7 and 6 are not used.

(2) Vertical display position registers (addresses 00E1 16 and 00E2 1)
The vertical display position register 1 is assigned to address 00E1lis and the vertical display position
register 2 is assigned to address 00E21s. These registers are corresponded to blocks 1 and 2, and
used to set the vertical position to start display. Bit 7 of each register is not used.

(3) Character size register (address 00E4 16)
The character size register is assigned to address 00E416. This register consists of 8 bits, and is used
to specify one of the three sizes of display characters. Bits 4 to 7 are not used.
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2.3 Memory assignment

(4) Border selection register (address 00E5  16)
The border selection register is assigned to address 00E516. This register consists of 8 bits, and is
used to set the border for blocks 1 and 2 by using one bit each. Bits 1 and 3 to 7 are not used.

(5) Color registers (addresses O0E6 16 to 00E916)
Color registers 0 to 3 are assigned to addresses 00E61s to O00E9:1s. All color registers consist of 8 bits,
and are used to set character output, blank output and character background color by CRT output
(R, G, B, OUT1). Bit 0 is not used.

(6) CRT control register (address O0EA 16)
The CRT control register is assigned to address O0EAss. This register consists of 8 bits, and is used
to set display on/off for each block. Bits 3 to 6 are not used.

(7) CRT port control register (address O0EC  1s)
The CRT port control register is assigned to address 00EC1s. This register consists of 8 bits, and is
used to set the input polarity (Hsvne and Vsyne) and the output polarity (R, G, B, OUT1 and OUT2).

2.3.9 A-D control registers (addresses 00EE 16 and 00EF 16)

The A-D control register 1 is assigned to address O0EEs, the A-D control register 2 is assigned to address
O0OEF1s. Both registers consist of 8 bits

The A-D control register 1 is used to select analog input pins and hold the results of comparator operation.
Bits 3 and 5 to 7 are not used.

The A-D control register 2 is used to set the internal analog voltage. Bits 6 and 7 are not used.

2.3.10 Timer registers (addresses 00FO0 16 to O0F316)

The timer registers are assigned to addresses 00F0is to 00F316. Both the timer and timer latch are written
in this area when writing, but only the timer is read when reading.

To write data to address 00F1is, for example, the data are stored to the timer 2 latch and timer 2. After
that, the timer 2 contents are decremented by synchronizing with the clock pulse but the timer 2 latch
contents are not changed. Accordingly, when reading data at address 00F1, the contents of timer 2 is
read out at the time.

\/\ »>| Timer 2 latch
Addresses
OO0FO01s6 Timer 1
OOF116 Timer 2 , Data loading at timer 2
imer - Data setting overflow
OOF216 Timer 3
OO0F316 Timer 4
- Timer 2

\/\ Counting
| (down count)
At read access
Reading the contents of timer 2

Fig. 2.3.7 Access to timer registers
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2.3 Memory assignment

2.3.11 Timer mode registers (address 00F4 16 and 00F516)

The timer 12 mode register is assigned to address 00F41s and the timer 34 mode register is assigned to
address 00F516. Both registers consist of 8 bits. They select the count source of timer and control the count
stop bit. Bits 5 to 7 of the timer 12 mode register and bits 6, 7 of the timer 34 mode register are not used.

2.3.12 CPU mode register (address 00FB 1s)
The CPU mode register is assigned to address 00FBis. This register consists of 8 bits, and specifies the
stack page. Set bits 0 and 1 are set to “0,” and set bits 3 to 7 to “0.”

2.3.13 Interrupt request registers (addresses OOFC 16 and O0FD 1s)

The interrupt request register 1 is assigned to address O0FC16 and the interrupt request register 2 is
assigned to address 00FDis. Both registers consist of 8 bits, and hold content of each interrupt request bit.
Bits 3 and 5 to 7 of the interrupt request register 2 are not used.

2.3.14 Interrupt control registers (addresses OOFE 16 and OOFF 1)

The interrupt control register 1 is assigned to address 00FE:s and the interrupt control register 2 is assigned
to address 00FFis. Both registers consist of 8 bits, and sets enable/disable of interrupts.

Bits 7 to 5 and 3 of the interrupt control register 2 are not used.

2.3.15 2 page register (addresses 0217 16 to 021B 1) (only M37221M8-XXXSP and M37221MA-XXXSP)

(1) ROM correction addresses (address 0217 16 to 021A 16)
Addresses 021716 to 021A16 are assigned to ROM correction address. The ROM data addresses to
be corrected are set to the ROM correction addresses.

(2) ROM correction enable register (address 021B  1s)
The ROM correction enable register is assighed to address 021Bis. This register consist of 8 bits,
and controls the ROM correction function. Bits 2 to 7 are not used.

2.3.16 CRT display RAM (addresses 0600 15 to 06B7 15)

The display RAM is used to specify the character to be displayed on the CRT and its color. Two addresses
are used for one character: one address (8 bits) to specify each character code and the other (8 bits) to
specify the color of the character.

2.3.17 ROM (addresses A000 16 to FFFF15)

The mask ROM is assigned.

In this internal ROM, addresses FFDE1s, FFDF1s, FFE416, FFF516, and FFF81s to FFFF1s are assigned to
vector area for reset and for interrupts. A vector jump destination storage address (16 bits) are stored in
2 addresses by the 1 interrupt source.

2.3.18 CRT display ROM (addresses 10000 15 to 11FFF 1)

The display ROM stores (masks) character patterns of each character to be displayed on the CRT. Although
one character consists of 16 (vertical) x 12 (horizontal) dots, it is divided into a 16 x 8 dot and a 16 x 4
dot pattern, with each pattern stored in one address. In other words, two addresses (16 bits) are used for
one character. The ROM can store up to 256 kinds of characters.
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2.4 Input/Output pins

2.4 Input/Output pins

The M37221M6-XXXSP/FP has 33 programable ports (I/O ports, input ports, output ports). The double-
function ports function as ports and as pins for internal peripheral devices.

M37220M3-XXXSP/FP
Refer to “CHAPTER 4. M37220M3-XXXSP/FP.”

e Double-function ports.................... <I/O ports>

P0o—P07, P1o—P17, P20—P24, P30, P3:
<Input ports>

P33, P34
<Output ports>

P52—P5s

e |/O port-only ports......cccccvvvvvreeennn. <I/O ports>

P2s—P27, P32

And also, the M37221M6-XXXSP/FP has 9 pins with only the dedicated function.
e Dediated piNs......cccccvvveeeveeeeeiiiin, Vece, Vss, RESET, Xin, CNVss, Xout, D-A, Hsync, Vsyne

2.4.1 Programmable ports
(1) Port PO

Port PO is an 8-bit input/output port. This is an N-channel open drain output. Port PO is assigned to
memory at address 00COis On zero page.

Port PO has the direction register (at address 00C1is on zero page), so that it is possible to program
each bit whether the port is used for input or output. The pins of which the direction register is
programmed to “0” are set for input; when programmed to “1”, the pins are set for output.

When pins are programmed as output pins, the output data are written into the port latch and then
output. When reading data from the output pins, the output pin level is not read but the port latch
data is read. This allows a previously-output value to be read correctly even if the output LOW
voltage has risen, for example, because a light emitting diode was directly driven.

The input pins float, so the values of the pins can be read. When writing data into the input pin, it
is written only into the port latch, while the pin remains floating.

Ports P0o—POs are also used as PWM output pins PWMO-PWM5 respectively. Port P0Os is also used
as external interrupt pin INT2 and analog input pin A-D4. The P07 pin is also used as external
interrupt input pin INT1. When external interrupts INT1 and INT2 are enabled, an interrupt is processed
according to transition in the level on these pins.

Ports POs and P07 have the schmit characteristics when they are used as INT input pins. In this case,
set these pins for input by the port PO direction register.
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4)
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FUNCTIONAL DESCRIPTION

2.4 Input/Output pins

Port P1

Port P1 is an 8-bit I1/O port. The output structure is CMOS output, however, only when ports P1.1—
P14 are used as multi-master 12C-BUS interface, the output structure is N-channel open-drain output.
Port P1 has basically the same function as port PO.

Port P1o is also used as CRT output pin OUT2. Pin OUT2 is a CRT output pin. When setting “1” to
bit 7 of the CRT control register, the pin functions as CRT output pin, when setting “0,” the pin
functions as a general-purpose /O port.

Ports P1:.—P14 are used as SCL1, SCL2, SDA1 and SDA2 respectively.

Port P1s is also used as external interrupt input pin INT3 and analog input pin A-D1.

Ports P1s and P1- are also used as analog input pins A-D2 and A-D3 respectively.

Port P2

Port P2 is an 8-bit 1/O port. The output structure is CMOS output, however, only when ports P20 and
P2. are used as serial 1/0 pins, the output structure is N-channel open-drain output. Port P2 has
basically the same function as port PO.

Port P20 is also used as serial I/O synchronous clock input/output pin Scik. Port P2: is also used as
serial I/O data output pin Sour. Port P2z is also used as serial I/O data input pin Si.

Port P23 is also used as external clock input pin TIM3. When the timer 3 count source is supplied
form an external device (as set by the timer 34 mode register), the input signal to this pin is the timer
3 count source.

The port P24 is also used as external clock input pin TIM2. When the count source for timer 2 is
supplied form an external device (as set by the timer 12 mode register), the input signal to this pin
is the timer 2 count source.

Ports P2s—P27 has only 1/O port function.

Port P3

Ports P30—P3: are 3-bit I1/O ports, ports P3s and P34 are a 2-bit input port. For the output structure
of ports P30 and P3:, either CMOS output or N-channel open-drain output structure can be selected
by bit 0 or 1 of the port P3 output mode control register (address 00CD1s). When “1,” N-channel open-
drain output structure is selected; when “0,” CMOS output structure is selected.

Port P32 has only I/O port function. The output structure is N-channel open-drain output. Port P32 has
basically the same function as port PO.

Ports P30 and P3: are also used as analog input pins A-D5 and A-D6 respectively.

Ports P3s and P34 are also used as CRT display clock input pins OSC1 and OSC2 respectively. Pin
OSC1 is a clock input for CRT display, pin OSC2 is a clock output for CRT display. The output
structure of pin OSC2 is CMOS output.

Port P5

Ports P5:—P5s are 4-bit output ports. The output structure is CMOS output. Ports P52—P5s are also
used as CRT output pins R, G, B, OUTL1 respectively.

Pins R, G, B, and OUT1 are CRT output pins. When setting each bit of the port P5 direction register
to “0,” the pins function as CRT output pins; when setting to “1,” the pins function as general-purpose
output ports. The output structure of CRT output pin is CMOS output structure.
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2.4 Input/Output pins

Table 2.4.1 List of programmable port functions

Ports Functions except port Name
P0o—PO0s PWMO-PWM5 PWM output pin
PO0s INT2/A-D4 External interrupt input pin/Analog input pin
PO~ INT1 External interrupt input pin
P1o ouT2 CRT output pin
P11 SCL1 Multi-master 12C-BUS interface pin
P1. SCL2 Multi-master 12C-BUS interface pin
P1s SDA1 Multi-master 12C-BUS interface pin
P14 SDA2 Multi-master 12C-BUS interface pin
P1s A-D1/INT3 Analog input pin/External interrupt pin
P1ls A-D2 Analog input pin
P1s A-D3 Analog input pin
P20 Scik Serial 1/0 synchronous clock input/output pin
P21 Sout Serial 1/0 data input /output pin
P2 Sin Serial 1/0 data input pin
P2s TIM3 External clock input pin
P24 TIM2 External clock input pin
P2s—P27 — Function as only programmable I/O ports
P3o A-D5 Analog input pin
P31 A-D6 Analog input pin
P32 — Functions as only programmable 1/O port.
P33 0oscC1 CRT display clock input pin
P34 0SscC2 CRT display clock output pin
P52 R CRT output pin
P53 G CRT output pin
P54 B CRT output pin
P5s OouT1 CRT output pin

2-22
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2.4 Input/Output pins

2.4.2 Dedicated pins

(1)

(2)

(3

4)

®)

(6)

14-bit PWM output (D-A) pin
This is a 14-bit PWM signal output pin. This pin also can be used for 1-bit general-purpose output
port. The output structure is CMOS output.

Vertical and horizontal synchronous signal input pins (V syne, Hsyne)
These pins input the vertical and horizontal synchronous signals for CRT display.

Test input pin (CNV ss)
Connect this pin to Vss.

Reset input pin (RESET)

This pin inputs reset signal. To reset the microcomputer, hold the RESET pin at a LOW level for
2 ps or more. Reset is released when HIGH level is applied to the RESET pin. For details, refer to
“2.15 Reset.”

Clock 1/0 pins (X i, Xour)

These pins are I/O pins of main clock f(Xi). Since a microcomputer has on-chip clock oscillation
circuit, set the oscillation frequency by connecting an external ceramic resonator or a quartz-crystal
oscillator between pins Xin and Xour.

When inputting an external clock, connect the external clock to the Xin pin and leave the Xour pin
open.

The output structure of Xour pin is CMOS output.

Power source input pin (V cc, Vss)
These pins supply the power source to a microcomputer. Apply voltage of 5 V = 10 % to pin Vcc and
0 V to pin Vss.
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2.4 Input/Output pins

PO0o/PWMO-PO5/PWM5, P32

N-channel open-drain output 4|Direction register'ﬁ

> |2
Data bus —4| Port latch i i

A\
X

YA

P10/OUT2, P11/SCL1, P12/SCL2, P13/SDA1, P14/SDA2, P15/A-D1/INT3, P16/A-D2, P17/A-D3,
P2o/ScLk, P21/SouT, P22/SIN, P23/TIM3, P24/TIM2, P25—-P27, P30/A-D5, P31/A-D6

4|Direction registeri
CMOS output

J3T

, Y

Databus —t— Portlatch |

iO

I7T

<
N

LA

e
~N

Notes 1: When ports P11-P14 are used as multi-master 12C-BUS interface pin and when ports P20, P21 are used as
serial I/O output pins, their output structure is N-channel open-drain output.

2 : For the output structure of ports P30, P31, either CMOS output or N-channel open-drain output is selected
(In the case of N-channel open-drain output, the block diagram is the same as below).

PO6/INT2/A-D4, PO7/INT1

N-channel open-drain output 4|Direction register'*

>
Data bus —4| Port latch i i
1
N
21
~N

O indicates a pin.

Fig. 2.4.1 1/O pin block diagram (1)
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2.4 Input/Output pins

P33/0SC1, P34
Input

Internal circuit

D-A, P52/R, P53/G, P54/B, P55/0UT1
CMOS output

T

Internal circuit

IFC

HSYNC, VSYNC

Schmidt input

HsYNC or
VSYNC

O indicates a pin.

Fig. 2.4.2 1/O pin block diagram (2)
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2.5 Interrupts

2.5 Interrupts

Interrupts are used in the following cases.

e When there is a request to execute a higher priority routine than current processing routine.

e When it is necessary to process according to a certain timing.

The M37221M6-XXXSP/FP has 14 interrupt sources (including reset).

These are vector interrupts with a fixed priority sequence. Table 2.5.1 shows the interrupt sources, vector
addresses and the interrupt priority sequence.

M37220M3-XXXSP/FP
Refer to “CHAPTER 4. M37220M3-XXXSP/FP.”

Table 2.5.1 Interrupt sources, vector addresses and priority

L Vector addresses

Priority Interrupt sources High-order byte | Low-order byte Remarks
1 Reset (Note) FFFF1s FFEFE:s Non-maskable
2 CRT interrupt FFFD1s FFFCs
3 INT2 interrupt FFFB1s FFFA1s Active edge selectable
4 INT1 interrupt FFF916 FFF81s Active edge selectable
5 Timer 4 interrupt FFF516 FFEF416
6 f(Xin)/4096 interrupt FFF316 FFF21s
7 Vsvne interrupt FFF1is FFFO16 Active edge selectable
8 Timer 3 interrupt FFEFs FFEE:1s
9 Timer 2 interrupt FFED:s FFECus
10 [Timer 1 interrupt FFEB1s FFEAs
11 Serial 1/O interrupt FFE9:s FFE81s
12 Multi-master I°C-BUS interface interrupt FFE716 FFEGs
13 |INT3 interrupt FFES51s FFE41s Active edge selectable
14 | BRK instruction interrupt FFDF1s FFDEs Non-maskable (software interrupt)

Note: Reset are included in the table because it operates in the same way as interrupts.

These 14-source, 14-vector interrupts have the priority sequence as shown in Table 2.5.1 (reset has a
higher priority than interrupts).

When two or more interrupt requests occur at the same sampling point, the interrupt with the higher priority
(in order of 1 to 14) is received. This priority sequence is determined by hardware, but priority processing
is possible to be varied by software, by using the interrupt enable bit and the interrupt disable flag.
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2.5.1 Interrupt sources
The following explains interrupt sources, in order of priority (except reset).

1)

(2)

3)

(4)

©)

(6)

CRT interrupt
When displaying a character block with the CRT display function, the CRT interrupt request occurs
at the completion of the display.

INT2 interrupt

An INT2 interrupt request is generated by detecting a level transition on pin INT2 (external interrupt
input).

Detecting either positive polarity (LOW to HIGH transition) or negative polarity (HIGH to LOW transition)
is set with RE4 (the interrupt input polarity register: bit 4 at address 00F91s). When RE4 is set to “0,”
a positive polarity is detected; when RE4 is set to “1,” a negative polarity is detected.

The INT2 pin is also used for port POs and pin A-D4. An INT2 interrupt by a level transition on the
pin may cause software runaway. Therefore, when this pin is used as port POs, disable an INT2
interrupt by using an interrupt enable bit and the interrupt disable flag (I).

INT1 interrupt

An INT1 interrupt request is generated by detecting a level transition on pin INT1 (external interrupt
input).

Detecting either positive polarity (LOW to HIGH transition) or negative polarity (HIGH to LOW transition)
to be detected is set with RE3 (the interrupt input polarity register: bit 3 at address 00F91s). When
RE3 is set to “0,” a positive polarity is detected; when RE3 is set to “1,” a negative polarity is
detected.

Pin INT1 is also used for port PO7. An INT1 interrupt by a level transition on the pin may cause
software runaway. Therefore, when this pin is used as port P07, disable the INT1 interrupt by using
an interrupt enable bit and interrupt disable flag ().

Timer 4 interrupt
Timer 4 value is counted down. Timer 4 interrupt request occurs when the count source next to “001s”
is input.

f(Xin)/4096 interrupt

A f(Xin)/4096 interrupt request occurs for a f(Xin)/4096 period.

This interrupt is valid when the PWM count source is supplied (when bit 0 of PWM output control
register 1 is “0").

Vsvnc interrupt
A Vsvne interrupt request occurs synchronized
with the vertical synchronous signal which

is input to pin Vsync. 9_ Positive polarity
When the Vswc input polarity is positive (the input
(C)Z(I)?I;I'Cpor'.[ C(Zn'f’rol reg|§ter. bit 1 at addres.s VSYNG
16 IS “0”), an interrupt request is O input pin
generated by a rising edge (LOW to HIGH ) .
transition) of the Vsvnc input; conversely, l Negatlve polarity
when the polarity is negative, an interrupt 5— Input

request is generated by a falling edge.

O Interrupt request is generated

Fig. 2.5.1 Vsvnc interrupt generation timing
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(7) Timer 3 interrupt
Timer 3 value is counted down. Timer 3 interrupt request occurs when the count source next to “001s”
is input.

(8) Timer 2 interrupt
Timer 2 value is counted down. Timer 2 interrupt request occurs when a count source next to “0016”
is input

(9) Timer 1 interrupt
Timer 1 value is counted down. Timer 1 interrupt request occurs when a count source next to “0016”
is input.

(10) Serial 1/O interrupt
The serial I/O interrupt request is generated by detecting a rising edge of the eighth serial transfer
clock after writing to the serial 1/O register.

(11) Multi-master | 2C-BUS interface interrupt
A multi-master interrupt request occurs synchronized with a falling edge serial clock (SCL) every
completion of 1-byte data communication.

(12) INT3 interrupt
An INT3 interrupt request is generated by detecting a transition in the level on pin INT3 (external
interrupt input).
Detecting either positive polarity (LOW to HIGH transition) or negative polarity (HIGH to LOW transition)
to be detected is set with RE5 (the interrupt input polarity register: bit 5 at address 00F91s). When
RE5 is set to “0,” a positive polarity is detected, when RE5 is set to “1,” a negative polarity is
detected.
Pin INT3 is also used for port P1s and pin A-D1. An INT3 interrupt by a level transition on the pin
may cause software runaway. Therefore, when this pin is used as port P1s, disable an INT3 interrupt
by using an interrupt enable bit and interrupt disable flag (1).

(13) BRK instruction interrupt
This software interrupt has the least significant priority and generates an interrupt request is generated
by executing when the BRK instruction. There is no corresponding interrupt enable bit and no
influence by the interrupt disable flag (I).
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2.5.2 Interrupt control
Each interrupt can be controlled with the interrupt request bit, the interrupt control bit, and the interrupt
disable flag.

Interrupt request bit—

Interrupt enable bit—_/ |

\
J Start of

Reset interrupt
process

Interrupt disable flag (1) —O

BRK instruction

Fig. 2.5.2 Interrupt control logic

1)

(2)

3)

Interrupt request bit

When an interrupt request occurs, the corresponding bit of the interrupt request register is set to “1.”
The interrupt request is held active until an interrupt is accepted or “0” is written to the relevant bit
by software. The bit is automatically cleared to “0” simultaneously when the interrupt is accepted.
Interrupt request bits are cleared to “0” (to clear the interrupt request) by software but are not set
to “1” (to generate the interrupt request) by software.

Each interrupt request bit is assigned to interrupt request registers 1 and 2 (addresses 00FCis and
O00FDs).

Interrupt enable bit

Interrupt enable bits control the acceptance of each interrupt.

When the interrupt enable bit is cleared to “0” (to disable an interrupt), the interrupt cannot be
accepted. Conversely, when the interrupt enable bit is set to “1” (to enable an interrupt), the interrupt
is accepted. However, if the interrupt disable flag is set to “1,” the interrupt cannot be accepted even
when the interrupt enable bit is set to “1.”

Each interrupt enable bit is assigned to interrupt control registers 1 and 2 (addresses 00FEis and
O00FF1s).

Interrupt disable flag (1)

The interrupt disable flag () is assigned to bit 2 of the processor status register. When the interrupt
disable flag is set to “1,” all interrupts except the BRK instruction interrupt are disabled; when the
flag is cleared to “0,” interrupts are enabled. However, if the interrupt disable flag is cleared to “0,”
the interrupt cannot be accepted even when the interrupt enable bit is “0.”
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Interrupt Request Register 1

b7 b6 b5b4b3 b2b1 b0

| ‘ I ‘ I I ‘ I ‘ I I I ‘ | Interrupt request register 1 (IREQ1) [Address 00FCz1s]

LB Name Functions After reset| RW
C o 01| 0 [Timer 1 interrupt 0: No interrupt request issued 0 RO
A N request bit  (TM1R) [ 1: Interrupt request issued :
v 1 Timer 2 interrupt 0: No interrupt request issued 0 R:O
[ request bit  (TM2R) [ 1: Interrupt request issued !
o 2 |Timer 3 interrupt 0: No interrupt request issued 0 R O
request bit  (TM3R) | 1: Interrupt request issued !
L] 3 | Timer 4 interrupt 0: No interrupt request issued 0 R O
o request bit  (TM4R) [ 1: Interrupt request issued |
] 4 |CRT interrupt 0: No interrupt request issued 0 R O
Lo request bit (CRTR) [ 1:Interrupt request issued '
oL 5 [VsyNc interrupt 0: No interrupt request issued 0 RO
request bit  (VSCR) | 1:Interrupt request issued '
A 6 |Multi-master 12C-BUS interface | 0 : No interrupt request issued 0 R:O
! interrupt request bit  (IICR) | 1 : Interrupt request issued I
o] 7 |INT3 interrupt 0 : No interrupt request issued 0 |R:O
request bit  (IT3R) 1 : Interrupt request issued :
0: “0” can be set by software, but “1” cannot be set.
Fig. 2.5.3 Interrupt request register 1 (address 0O0FC  16)
Interrupt Request Register 2
b7 b6 b5b4b3 b2b1 b0
|0 | Interrupt request register 2 (IREQ2) [Address 0O0FD16]
Lo B Name Functions After reset| R W
oo 0 fINTL interrupt 0 : No interrupt request issued 0 RIO
Dol request bit (ITIR) 1 : Interrupt request issued :
.| 1 |INT2 interrupt 0: No interrupt request issued 0 R d
o request bit (IT2R) 1: Interrupt request issued ;
oo 2 |Serial /O interrupt 0 : No interrupt request issued 0 |R!O
request bit (S1R) 1 : Interrupt request issued
A 3 |Nothing is assigned. This bit is a write disable bit. 0 Ri—
Lo When this bit is read out, the value is “0.” 1
o] 4 |f(XiN)/4096 interrupt | 0: No interrupt request issued 0 R:O
Lo request bit (MSR) 1 Interrupt request issued ;
oo 5, 6| Nothing is assigned. These hits are write disable bits. 0 |R—
When these bits are read out, the values are “0.”
] 7 |Fix this bit to “0.” 0 |[rRW

0: “0” can be set by software, but “1” cannot be set.

Fig. 2.5.4 Interrupt

request register 2 (address 00FD

16)
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Interrupt Control Register 1

b7b6 b5b4b3 b2bl1 b0

Interrupt control register 1 (ICON1) [Address 00FEz16]

! B Name Functions IAfter reset| R W
Co 00 1o |Timer 1interrupt 0 : Interrupt disabled 0 RIW
oo enable bit (TM1E) 1 : Interrupt enabled '
o Pl 1 |Timer 2 interrupt 0 : Interrupt disabled 0 R W
oo enable bit (TM2E) 1: Interrupt enabled :
e 2 | Timer 3 interrupt 0 : Interrupt disabled 0 [(R:W
L enable bit (TM3E) 1: Interrupt enabled E
A 3 |Timer 4 interrupt 0 : Interrupt disabled 0 [(RIW
Lo enable bit (TM4E) 1 Interrupt enabled :
o 4 | CRT interrupt enable 0: Interrupt disabled 0 R W
o bit (CRTE) 1 Interrupt enabled :
A 5 |Vsvnc interrupt 0 : Interrupt disabled 0 [(RIW
enable bit (VSCE) 1: Interrupt enabled
R 6 |Multi-master 12C-BUS interface | 0 Interrupt disabled 0 |RW
! interrupt enable bit (1ICE) 1 : Interrupt enabled i
,,,,,,,,,,,,,,,,,,,,,, 7 |INT3 interrupt 0 : Interrupt disabled 0 RiW
enable bit (IT3E) 1 : Interrupt enabled :

Fig. 2.5.5 Interrupt control register 1 (address OOFE

16)

Interrupt Control Register 2

b7 b6 b5b4 b3 b2b1b0

|0|0|0| ‘ |O| | ‘ | ‘ | Interrupt control register 2 (ICON2) [Address 00FF16]

P B Name Functions After reset REW
: + 1] 0 |INT1 interrupt 0: Interrupt disabled 0 |RW
A enable bit (IT1E) 1 : Interrupt enabled :
1 |INTZ2 interrupt enable 0 : Interrupt disabled 0 R W
! ! bit (IT2E) 1. Interrupt enabled :
o 2 |Serial /O interrupt 0: Interrupt disabled 0o [RrRiw
enable bit (S1E) 1 : Interrupt enabled
o] 3 |Fix this bit to *0.” 0 |RW
o] 4 |f(XIN)/4096 interrupt 0 : Interrupt disabled 0 R'W
enable bit (MSE) 1 Interrupt enabled
o 2 | Fix these bits to “0.” 0 |R W
7 1

Fig. 2.5.6 Interrupt control register 2 (address 0O0FF

16)
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Interrupt Input Polarity Reqister

b7 b6 b5 b4 b3 b2 bl b0
I 0| OI | Interrupt input polarity register(RE) [Address 00F9 16]

| 3 3 3 3 | 3 3 b Name Functions After reset | R 'W
3 3 3 3 3 3 3 1 0 |Nothing is assigned. This bit is a write disable bit. Indeterminate | R E_
P When this bit is read out, the value is “0.” !
3 L0001 |1, 2|Fix these bits to 0. 0 REW
3 3 3 3 3 7777777777 3 | INT1 polarity switch bit 0 : Positive polarity 0 R EW
[ (RE3) 1: Negative polarity ,
o] 4 | INT2 polarity switch bit 0 : Positive polarity 0 RIW
Lo (RE4) 1: Negative polarity !
o o] 5 | INT3 polarity switch bit 0 : Positive polarity 0 RIW
i | (RE5) 1 : Negative polarity i
i L 777777777777777777 6 |[Nothing is assigned. This bit is a write disable bit. 0 R i—
' When this bit is read out, the value is “0.” '
] 7 [Fix this bit to *0.” 0 RIW
Fig. 2.5.7 Interrupt input polatiry register (address 00F9 1)
CRT port control register
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | CRT port control register(CRTP) [Address 00EC 16]
3 3 3 3 3 3 3 3 b Name Functions After reset | R W
P00 1] 0 |Hswe input polarity 0 : Positive polarity 0 RIW
N switch bit (HSYC) 1 : Negative polarity !
L0 0 1 1 1 1| 1 |Vsc input polarity 0 : Positive polarity 0 RIW|
A switch bit (VSYC) 1 : Negative polarity :
3 3 3 3 3 i 7777777 2 | R, G, B output polarity 0 : Positive polarity 0 RIW
A switch bit (R, G, B) 1: Negative polarity ,
3 3 3 3 1 7777777777 3 | OUT2 output polarity 0 : Positive polarity 0 R EW
b switch bit (OUT2) 1 : Negative polarity '
A 4 | OUT1 output polarity 0 : Positive polarity 0 RIW
o switch bit (OUT1) 1 : Negative polarity :
i i i 7777777777777777 5 | R signal output switch bit | 0 : R signal output 0 RIW
b (OP5) 1: MUTE signal output :
o] 6 |G signal output switch bit |0 : G signal output 0 RIW
! (OP6) 1: MUTE signal output !
o 7 | B signal output switch bit 0 : B signal output 0 RIW
(OP7) 1 : MUTE signal output .

Fig. 2.5.8 CRT port control register (address 00EC  16)

2-32 7220 Group User’'s Manual




FUNCTIONAL DESCRIPTION
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Interrupt request bits are set to “1” by occurrence of an interrupt request, even if the interrupt is disabled.
Therefore, to disable interrupt processing, clear the interrupt request bit to “0” immediately before the
interrupt disable state is cancelled (interrupt enable state, i.e., the interrupt enable bit = “1” and the interrupt
disable flag = “0").

Reset {ReseT] FFFF16, FFFE16
CRT interrupt [CRTR}-RTEl 0] oTo FFFD16, FFFC16
INT2 interrupt (2R —T2E[ 6 ~o] oo FFFB16, FFFA16
INTZ interrupt (iR —TE[ 6~ oo FFF916, FFF816
Timer 4 interrupt [Tvar—MEL 5~ ] oo FFF516, FFF416
f(XIN)/4096 interrupt [wsr —MSE[ 6 ~c] o ™o FFF316, FFF216
VsyNC interrupt [Vscr}-YSCEl 6~0] oo FFF116, FFFO16
Timer 3 interrupt [Tver}-ME[ ~0] oo FFEF16, FFEE16
Timer 2 interrupt [Tver}-M2E[ 5~c] oo FFED16, FFEC16
Timer 1 interrupt [Tvir}-ME[ 6 ~c] oo FFEB16, FFEA16
Serial I/O interrupt [sir —SE[ 6 ~0] oo FFE916, FFE816
Multi-master 12C-BUS interface interrupt [icr HICE 6™~0 oo FFE716, FFE616
INT3 interrupt [mer ITEfo~o]—to " ~o1—FFE51s, FFE41s
BRK instruction interrupt [BrK} FFDF16, FFDE16
Interrupt Interrupt Interrupt Interrupt
request bit  enable bit disable flag (1) vector
Note: -------- indicates to operate together.

Fig. 2.5.9 Interrupt control system

FFEE } )
FEDE FFEFiZ Timer 3 interrupt ::'
16 . .
rroris | BRKinstruction mterrupti::| FFFO16 | . L
FFEO16 FFF116 VSYNC interrupt— ]
FFF216 . L
FEF316 f(Xin)/4096 |nterrupt¥H
FFF416 | . . L
Internal ROM area FFF516 Timer 4 interrupt—— 7
FFF6
FFF{Z Internal ROM area.
FFF816 . L
FFE41s _ 3 FFFO16 INT1 interrupt w
FFE516 INT3 interrupt H FFFA16 INT2 interrupt L
FFE61s Multi-master I2C-BUS___ | iiiim ||:|
FFE7 interface interrupt 16 .
FFE81Z P ||:| FFFD16 CRT interrupt H
FEEQ Serial I/O interrupt——5- FFFE1s L
; H Reset
FFEA16 ) . L FFFF16 H
FFEB16 Timer 1 interrupt H
FFEC16 . . L
FFED16 Timer 2 interrupt H

Interrupt Vector Table

The low-order 8 bits and the high-order 8 bits of jump destination address
when an interrupt occurs, are stored to addresses “L” and “H” respectively.

Fig. 2.5.10 Interrupt vector table
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2.6 Timers

M37221M6-XXXSP/FP has four 8-bit timers with reload latch. Figure 2.6.1 shows the timer block diagram.

Data bus

~| 1/4096
XINO 1/8

Timer 1 latch (8) |

8

Y

Timer 1 (8)

v

T12MO
T12M2

Ti2M4

-

Y

Timer 2 latch (8) |

8

<

(

P24/ITIM2 O
(Note 3)

o

Hsyne O

Ti2mM1

Timer 2 (8) |7

T12M3

o

,

P23/TIM3
(Note 3)

.

Selection gate :
Connected to black
side at reset

T12M : Timer 12 mode register
T34M : Timer 34 mode register

j : T34M5 |
T34MO

Timer 3 latch (8) |

Y

Timer 3 (8) I
T34M2
L
8
f v 0716
—>® T34M1
| Timer 4 latch (8) |
8
Y
> Timer 4 (8) |—
T34M4
T34M3

e

Notes 1: HIGH pulse width of external clock inputs TIM2 and TIM3 needs 4 machine cycles or more.
2: When the external clock source is selected, timers 2 and 3 are counted at a rising edge of input signal.
3: In the stop mode or the wait mode, external clock inputs TIM2 and TIM3 cannot be used.

Timer 1
interrupt request

Timer 2
interrupt request

Reset
STP
instruction

> Timer 3
interrupt request

Timer 4
interrupt request

IEig. 2.6.1 Timer 1, timer 2, timer 3, and timer 4 block diagram
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2.6 Timers

2.6.1 Timer functions

There are four timers; Timer 1, Timer 2, Timer 3, Timer 4 and each timer has an 8-bit reload latch. All
timers are the count-down type, and when the timer latch value is “n”, the divide ratio is 1/(n+1)(“n” = 0
to 255). When the valve “n” is written to reload latch, is also set “n” to its timer, simultaneously.

Timer value is counted down each rising edge of count source. The timer overflows at the count next pulse,
after the count value reaches “0016,” and the interrupt request occurs. At the same time of timer overflow,
the reload latch value “n” is set (reload) to timer, and timer continues to count down. The divide ratio is
1/(n+1). Make sure that set “n” in the range “001" to “FFus.”

Timer D( 0116>< 0016>< nnie X nnie-1
¢

Writing Value
Overflow signal T_]
Interrupt request
Fig. 2.6.2 Timer overflow timing
(1) Timer 1
Timer 1 can select one of the following count sources:
o f(Xin)/16

o f(Xin)/4096

(This is a clock by f(Xin)/4096 interrupt and is valid only when PWM count source is supplied.)
The count source of timer 1 is selected by setting bit 0 of the timer 12 mode register (address
00F41s).
Timer 1 interrupt request occurs at timer 1 overflow.

(2) Timer 2
Timer 2 can select one of the following count sources:
o f(Xin)/16
e Timer 1 overflow signal
e External clock from pin P24/TIM2
The count source of timer 2 is selected by setting bits 4 and 1 of the timer 12 mode register (address
00F416). When timer 1 overflow signal is a count source for timer 2, timer 1 functions as an 8-bit
prescaler.
Timer 2 interrupt request occurs at timer 2 overflow.
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Timer 12 Mode Register

b7 b6 b5b4 b3 b2b1 b0
| 0| | Timer 12 mode register (T12M) [Address 00F416]

Cron o B Name Functions After reset| R 1 W

v oo 0 10 [Timer 1 count source | 0: f(XIN)/16 0 |R:W

oo selection bit (T12M0) [ 1: f(XiN)/4096 '

1 |Timer 2 count source | O: Internal clock 0 RIW

N selection bit 1: External clock from

: : E E E E (T12M1) P24/TIM2 pin E

R 2 |Timer 1 count 0: Count start 0 |RIW

oo stop bit (T12M2) 1: Count stop ;

oo ] 3 [Timer 2 count stop 0: Count start 0 |RiW

P bit (T12M3) 1: Count stop

o ] 4 | Timer 2 internal count | 0: f(XIN)/16 0 R'W

P source selection bit 1: Timer 1 overflow

Lo (T12M4) !

R S 5 |Fix this bit to “0.” 0 |R'w

I 6,7| Nothing is assigned. These bits are write disable 0 RI—

---------------------- bits. When these bits are read out, the values are
w0 :

Fig. 2.6.3 Timer

3)

(4)

Timer 3

12

mode register (address 00F4

16)

Timer 3 can select one of the following count sources:
o f(Xin)/16
e External clock from pin Hsync

e External clock from pin P2s/TIM3
The count source of timer 3 is selected by setting bits 5 and 0 of the timer 34 mode

00F516)

Timer 3 interrupt request occurs at timer 3 overflow.

Timer 4

Timer 4 can select one of the following count sources:
o f(Xin)/16

o f(Xin)/2

e Timer 3 overflow signal
The count source of timer 3 is selected by setting bits 4 and 1 of the timer 34 mode register (address
00F516). When timer 3 overflow signal is a count source for timer 4, timer 3 functions as an 8-bit
prescaler.

Timer 4 interrupt request occurs at timer 4 overflow.

register (address
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Timer 34 Mode Register
b7 b6 b5b4b3 b2b1 b0
| Timer 34 mode register (T34M) [Address 00F516]
A ] Name Functions After reset| R ' W
vt vt 110 |Timer 3 count source | 0: f(XIN)/16 0 |RiW
. selection bit (T34M0) | 1: External clock
Do 1 |Timer 4 internal count | 0: Timer 3 overflow 0 R W
L source selection bit 1: f(XIN)/16 :
I A (T34M1)
A 2 |Timer 3 count 0: Count start 0 |RiW
oo stop bit (T34M2) 1: Count stop :
Lo 3 |Timer 4 count stop 0: Count start 0o |[R W
P bit (T34M3) 1: Count stop !
A 4 |Timer 4 count source | 0: Internal clock 0 [Riw
: selection bit (T34M4) | 1: f(XiN)/2 '
: : 5 |Timer 3 external count 0: External clock from P23/TIM3pin| 0 |R W
poTTTTTTm ey source selection bit (T34M5) [ 1: External clock from HsyNC pin !
o 6,7 | Nothing is assigned. These bits are write disable 0 R i
e bits. When these bits are read out, the values are !
uo-u :

Fig. 2.6.4 Timer 34 mode register (address 00F5

16)

Table 2.6.1 Memory map of timer-related registers

Addresses Contents
OOFO1s Timer 1 (TM1)
00F 116 Timer 2 (TM2)
00F 216 Timer 3 (TM3)
00F 316 Timer 4 (TM4)
00F 416 Timer 12 mode register (T12M)
00F51s6 Timer 34 mode register (T34M)
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T12M4 | T12M1 | T12MO

0 0 0
"L Timer 1 o Timer 2
-~ Ko = Timerl  interrupt ‘KOA— Timer 2  — interrupt
(XIN) 1/16 [—=0 request '8 request
---------- T12M2 e T12M3
T12M4 | T12M1 | T12MO
0 0 1
..“1" --------- - "'“1“ """"" H H
Timer 1 i Timer 2
K0 = Timerl [~ interrupt ‘KOA— Timer2 [~ interrupt
f(XIN) (O—1/4096 *8 request '8 request
---------- T12M2 - n-T12M3
fxin) O 1/16
T12M4 | T12M1 | T12MO
0 1 0 P24/TIM2
L. Timer 1 L Timer 2
o) i Timerl [ interrupt K(y_ Timer2  — interrupt
O 1/16 "8 request *8 request
---------- T12M2 - T12M3
T12M4 | T12M1 | T12MO Timer 1
" interrupt
1 0 0
ot request "
e o Timer 2
) CKo = Timer 1 | C&Of Timer2  — interrupt
O 1/16 "’8 _’8 request
---------- T12M2 --T12M3

Fig. 2.6.5 Example of timer system
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2.6.2 Timer 3 and timer 4 when reset and when executing the STP instruction

Timers 3 and 4 start counting down immediately after reset status is released or stop mode is released,
and CPU starts operating by supplying the internal clock ¢ at overflow of these timers. Therefore, the
program can start under a stable clock.

(1) When reset
When reset, Timers 3 and 4 are automatically set by hardware as shown in Table 2.6.2, and immediately
start counting down. The counting is continued, then, Timer 4 overflows and the internal clock @ is
supplied (the internal reset is released). The program can start again.

(2) When executing the STP instruction
Immediately after the STP instruction is executed, Timers 3 and 4 are automatically set as shown
in Table 2.6.2 as in the case of reset and placed in the stop mode. When the stop mode is entered,
the processor stops supplying the internal clock ¢, and contents of Timers 3 and 4 are retained.
When the stop mode is released by reset input or external interrupt input, the processor simultaneously
supplies f(Xi), and Timers 3 and 4 start counting down.
The counting is continued, then, when timer 4 overflows and the internal clock ¢ is supplied. The
program can start again.

Table 2.6.2 Contents of timers 3 and 4 when reset or when executing STP instruction

Contents Timer 3 Timer 4
Value FFis 0716
f(Xin)/16 . .
Count source ( ,IN) i ) Timer 3 overflow signal
(except when executing the STP instructions)

Note: When executing the STP instruction, f(XIN)/16 is not automatically selected as the timer 3 count
source. Accordingly, set bit 0O of the timer 34 mode register (address 00F516) to “0” before executing
the STP instruction select (f(XIN)/16 is selected as the timer 3 count source).
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2.7 Serial 1/0O

The M37221M6-XXXSP/FP has on-chip clock synchronous serial 1/O which can receive and transmit 8-bit
data serially.

Because pin Sour also can be used as the serial 1/O data input pin, it can transmit and receive with only
one signal line.

2.7.1 Structure of serial 1/O
Serial 1/0 consists of

Serial 1/0 register

Serial 1/0 mode register

Serial 1/0O counter

Clock source generating counter

The serial /O register is the register which 8-bit transfer data is written into. Each function of serial I/O
can be controlled by setting appropriate values to the serial I/0 mode register.

Serial 1/0O transfers data to and from the internal CPU via the data bus, and it transfers data to and from
external devices via ports P22—P20. When using the serial 1/O, ports P22—P20 have the following functions:
e P20: Serial 1/0 synchronous clock input/output pin (Scik)

e P2:: Serial 1/0 data input/output pin (Sour)

e P2, Serial I/O data input pin (S)

The functions of these ports can be selected by the serial I/O mode register.

The transfer clock that determines the serial data transfer rate can selected 4 kinds of clock sources with
the serial 1/0 mode register.

Figure 2.7.1 shows the serial I/O block diagram, Figure 2.7.2 shows the serial /O mode register.
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2.7 Serial 1/0

XINO 1/2

sM2

| Synchronous circuit }<—i}<—r—l—l—l—/
A

N

Selection gate :
Connected to black

__________ IData bus
Frequency v
i’ divider :
1/4\,1/8 y1/16
E i g ism :
S N s |
I

Clock source

side at reset.

SM : Serial /0O mode register

P20 latch generating circuit
- - Serial I/O interrupt
P20/Scik O SME > Serial I/0O counter (8) Ii request
P21 latch
SM5 : LSB <> \ISB
P21/Sout O
SM3 /
P22/SINO > | Serial I/O shift register (8)
SM6 (Address 00DD 16)
8 -
Note: When the data is set in the serial I/O register (address 00DDzs), o
the register functions as the serial I/O shift register.
Fig. 2.7.1 Serial I/O block diagram
Serial I/O Mode Regqister
b7b6 b5b4 b3 b2b1 b0

1 |0| ‘ ‘ Serial I/O mode register (SM) [Address 00DC16]

B Name Functions After reset| R W
.11 1 1 1 1 1, 1|Internal synchronous |bl b0 0 RIW
R clock selection bits 0 O:f(XiNn)/4 :
(SMO0, SM1) 0 1:f(XiNn)/16 :
A R 1 0:f(XIN)/32

1 1:f(XIN)/64 !
] 2 [Synchronous clock [ o: External clock o [rRiw
Lo selection bit (SM2) 1: Internal clock !

3 | Serial I/O port 0: P20, P21 functions 0 RIW
et selection bit (SM3) as port :
1: SciLk, SouTt :
R 4 |Fix this bit to “0.” 0o [rRiw
5 | Transfer direction 0: LSB first 0 [rRwW
LT selection bit (SM5) | 1: MSB first
o 6 | Serial input pin 0: Input signal from SIN pin 0 R'W
selection bit (SM6) 1: Input signal from Sourt pin

7 |Nothing is assigned. This bit is a write disable bit. 0 R L
””””””””””” When this bit is read out, the value is “0.”

Fig. 2.7.2 Serial

I/O mode register (address 00DCis)
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2.7.2 Serial 1/0 register (address 00DDzs)

The serial 1/0O register is serial-parallel conversion register used for data transfer. This register consists of
8-bit and can be used as both transmit and receive register.

Serial 1/0 register is assigned to address 00DDas.

Although data transfer is performed bit by bit, it is possible to specify whether the data is transferred
beginning with most-significant-bit (MSB) or least-significant-bit (LSB) by using bit 5 of the serial I/0 mode
register.

(1) When bit 5 of the serial 1/O0 mode register is “0”
e Receive: Data is received bit by bit beginning with the MSB (bit 7) of the serial I/O register.
e Transmit: Data is transmitted bit by bit beginning with the LSB (bit 0) of the serial I/O register.

(2) When bit 5 of the serial I/O mode register is “1”
e Receive: Data is received bit by bit beginning with the LSB (bit 0) of the serial I/O register.
e Transmit: Data is transmitted bit by bit beginning with the MSB (bit 7) of the serial 1/O register.

2.7.3 Clock source generating circuit

The clock source generating circuit can select oscillation frequency divided by 4, 16, 32, and 64 as the
internal clock. Also, it can select an external clock (the external clock is selected immediately after reset).
Bit 2 of the serial I/O mode register specifies internal clock or external clock. When bit 2 of the serial
I/0 mode register is set to “0,” an external clock is

selected, when “1,” an internal clock is selected.

When selecting an internal clock, set the division Iable 2.7.1 Clock source selection

of oscillation frequency by bits 0 and 1 of the serial Serial 1/O clock Serial 1/0 mode register

I/0 mode register. Bit 2 Bitl1 | BitO
e Oscillation frequency divided by 4: External clock 0 0 or 1 (Invalid)
set both bits 1 and 0 to “0.” f(Xm)/4 0 0
e Oscillation frequency divided by 16:
set bit 1 = “0” and bit 0 = “1.” Internal f(Xin)/16 1 0 1
e Oscillation frequency divided by 32: clock f(Xin)/32 1 0
set bit 1 = “1” and bit 0 = “0.” f(Xn)/64 1 1

e Oscillation frequency divided by 64:
set both bit 1 and 0 to “1.”
The contents of bits 0 and 1 of the serial I/O mode register are invalid, when selecting an external clock.

2.7.4 Serial input/output common transmission/reception mode

Pin P2:/Sour can also be used as the serial I/O data input pin when the serial input pin selection bit (bit
6 of the serial 1/O mode register; address 00DCs) is set to “1.” (It is not necessary to set the corresponding
bit of port P2 direction register to input mode.)

With this function, pin P22/Siv can also be used as general-purpose input port P2-:.

P20/ScLk O= > Clock

Input or output Transmit mode
p21/sout O > -

wn
o
Serial 1/0 register (8
SM6 D/O‘,O,, .’ gister (8)
Receive mode
P22/SIN O > Port P22 data
Note: To start receiving, set “FF16” to the serial I/O register SM: Serial I/O register

Fig. 2.7.3 Serial input/output common transfer mode block diagram
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2.7.5 Serial 1/0 data receive method (when an internal clock is selected)

(1) Initialization

First, set the serial /O mode register (address 00DCis) as follows.

O Select the synchronous clock (SM2 = “1,” SM1, SMO).

0 Set P20 as pin Scik (SM3 = “1"). Pin P2:/Sour is not used when receiving serial data. However,
since the serial 1/0 port selection bit (SM3) is also used for setting pin Sour, port P2: is automatically
set as pin Sour and loses its general-purpose /O port function.

0 Select the serial input pin by the serial input pin selection bit (SM6). When SM6 = “0,” signal is
input from pin P22/Sin; when SM6 = “1,” signal is input from pin P2/Sour. When pin P2:/Si is a
input pin, set the port P2 direction register to input mode (“0”). For pins P20/Scik and P21/Sour, the
corresponding bits of the port P2 direction register are automatically set by setting the serial 1/0
mode register.

(2) Receive enable state
After the above setting have been made, write “FFis” to the serial 1/O register (address 00DDais). The
serial I/O counter is then set to “07:6” during the write cycle and receive is enabled.

(3) Receive operation

The data from the serial I/O data input pins (Sour or Sw) is received one bit at a time into the serial

I/O register in synchronization with rising edges of the transfer clock.

Receive operation is performed according to bit 5 (SM5) of the serial I/O mode register:

O When SM5 is set to “0,” data is received from MSB (bit 7) of the register and shifted to the right
(to low-order bit) every time new data is received.

O When SM5 is set to “1,” data is received from LSB (bit 0) of the register and shifted to the left (to
high-order bit) every time new data is received.

When all 8-bit data have been received, the serial 1/0O interrupt request bit (bit 2) of the interrupt

request register 2 (address 00FDuss) is set to “1.”

en receiving N

IE — [Do [\
K —= | D1 Do N\
JENE! — | D2 D1 Do NN

ZA&ZQ

JENENENENENENE |D7| D6 | Ds|Da| D3| D2| D1 Do

Transfer clock Serial I/O register

Note: To start receiving, set “FF16” to the serial I/O register.

Fig. 2.7.4 Serial I/O register when receiving (when SM5 = “0")
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2.7.6 Serial 1/0 data transmit method (when an external clock is selected)

(1)

(2)

(3)

Initialization

First, set the serial /O mode register (address 00DCis) as follows.

O Select the synchronous clock (SM2 = “0").

0 Set P20 as pin Scw (SM3 = “1"). Since the serial I/O port selection bit (SM3) is also used for the
setting pin Sour, port P2: is automatically becomes the Sour pin.

Note: It is not necessary to set pin P22/Sw as pin S when transmitting. It can be used as general-
purpose input pin.

Transmit enable state
When transmit data are written to the serial I/O register, the serial I/O counter is set to “0716" and
transmit is enabled.

Transmit operation

When transmit is enabled (the serial I/O counter value = “0716"), simultaneously, the data of the serial

I/0O register is transmitted from pin P2i/Sour in synchronization with a falling edge of the transfer

clock.

Transmission is performed according to bit 5 (SM5) of the serial I/O mode register:

O When SM5 is set to “0,” data is transmitted from LSB (bit 0) of the register and shifted to the right
(to low-order bit) every time new data is transmitted.

O When SM5 is set to “1,” data is transmitted from MSB (bit 7) of the register and shifted to the left
(to high-order bit) every time new data is transmitted.

When all 8-bit data have been transmitted, the serial I/O interrupt request bit (bit 2) of the interrupt

request register 2 (address 0O0FD1s) is set to “1.”

Pin P2:/Sour will be in after transmit operation has been completed.

Note: On programming, note that the serial I/O counter is set even by writing to the serial 1/O register
with bit management instructions, such as SEB and CLB.

|D7|D6|D5|D4|D3|D2|D1|Do|

% ND7|D6|D5|D4|D3|D2|D1|—> Do
AR N b7 | ps | b5 D4 [ D3| D2 | —= D2
IAEARA ity o7

Ds | Ds | D4 | D3| — D2

IEAEARARAEARARERARN Y — o/

Transfer clock Serial I/O register

Fig. 2.7.5 Serial I/O register when transmitting (when SM5 = “0")
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2.7.7 Note when selecting a synchronous clock

Regardless of either an internal or external clock is selected as the serial 1/0O synchronous clock source,
the interrupt request bit is set to “1” after 8 transfer clocks.

However, the serial I/O register contents will continue to be shifted as long as the transfer clock is being
input to the serial 1/O circuit, so it is necessary to stop after 8 transfer clocks.

When an internal clock is selected, the transfer clock stops automatically after 8 clocks.

When an external clock is selected, control the transfer clock externally. Moreover, use an external clock
of 1 MHz or less with a duty cycle of 50 %.

When selecting an external clock as the synchronizing clock, write transmit data to the serial 1/O register
transfer clock input level is HIGH

Figure 2.7.6 shows the serial 1/0 timing.

Synchronous clock

L L]

Transfer clock

Serial I/O register
writing signal |_

Serial 1/0 Og(t)pl,lant X Do gé D1 XD2/ X D3 X Da X Ds X Ds X D7 /
Serial I/0 input X X X X X X

SIN

A

Interrupt request bit is set to “1”

Note: When an internal clock is selected, pin SouUT is at high-impedance after transfer is completed.

Fig. 2.7.6 Timing diagram of serial 1/0
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The transmit side in Figure 2.7.7, P2 is set as the serial I/O data output pin and P2 is set as the serial
I1/0 synchronous clock output pin by the initialization program.

The receive side, P2: is set as the serial I/O data input pin and P20 is used for the serial 1/0O synchronous
clock (external clock) input pin by the initialization program.

Figure 2.7.8 shows the serial data transmit/receive processing sequence using the above structure.

Transmit Side Receive Side
Serial /0 Mode Register Serial /0 Mode Register
b7 bo b7 b0
EEEGEREE (T o[l T]
{1l Intemal synchronous clock selection bits A 4~ Internal synchronious clock selection bits
: Synchronous clock selection bit [ Synchronous clock selection bit
1: Internal clock A 0: External clock

N S — Serial I/O port selection bit
1: SCLK, SouT

e Fix this bit to *0.”
: ---- Transfer direction selection bit

Serial I/O port selection bit
1: SCLK, SouT

Fix this bit to “0.”
Transfer direction selection bit

Serial input pin selection bit AR Seria]l_irllput pin sellefctiongit .
- ) : : Input signal from SouT pin
Nothig is assigned. putsig P

O — Nothig is assigned.
Synchronous clock
P20/ScLk [r—-| S L k[P 20

Serial data
P21/SOUT [me—-| SOUT/P 21

M37221M6-XXXSP/FP M37221M6-XXXSP/FP

Fig. 2.7.7 Connection example for serial I/O transmit/receive

Transmit side Receive side

LDM  #3$0C, $DC ; Set serial /0 mode register.| LDM  #%$48, $DC ; Set serial 1/O mode

CLB 2, $FD ; Reset serial 1/O interrupt register.

request bit. CLB 2, $FD ; Reset serial 1/O interrupt
SEB 2, $FF ; Set the serial I/O interrupt request bit.

enable bit to “1.” SEB 2, $FF ; Set serial 1/0O interrupt

enable bit to “1.”
LDM  #DATA, $DD ; Write transfer data to serial || vLDM  #$FF, $DD ; Write dummy data to
I/O register. serial I/O register.

As a result of the above processing 1-byte data is transferred from the transmit side to the receive side.
When the transmit operation is completed, interrupts occur on both sides, so that completion of the data
transfer can be reported.

After that, repeating the processing after the symbol (y) can transmit/receive more data.

Fig. 2.7.8 Serial data transmit/receive processing sequence
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2.8 Multi-master | 2C-BUS interface

The multi-master 12C-BUS interface is a serial communications circuit, conforming to the Philips I°C-BUS
data transfer format. This interface, offering both an arbitration lost detection and a synchronous functions,
is useful for the multi-master serial communications.

Figure 2.8.1 shows a block diagram of the multi-master 12C-BUS interface and Table 2.8.1 shows multi-
master 12C-BUS interface functions.

The M37220M3-XXSP/FP does not have this function.

Table 2.8.1 Multi-master | 2C-BUS interface functions
Item Function
In conformity with Philips 12C-BUS standard:
10-bit addressing format
Format 7-bit addressing format
High-speed clock mode
Standard clock mode
In conformity with Philips 12C-BUS standard:

Master transmission
Communication mode Master reception
Slave transmission
Slave reception
SCL clock frequency 16.1 kHz to 400 kHz (at ¢ = 4 MHz)
¢: System clock = f(Xin)/2
Note: We are not responsible for any third party’s infringement of patent rights or other rights attributable

to the use of the control function (bits 6 and 7 of the 12C control register at address 00DAzs) for
connections between the 12C-BUS interface and ports (SCL1, SCL2, SDA1, SDA2).
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b7 12C address register b0
AD6|SAD5|SAD4|SAD3|SAD2|SAD1|SADO|RBW| Interrupt Interrupt
generating [—> request signal
SODi i i iﬁ ﬁ i i l circuit (ICIRQ)
T T T T —
Address comparator
. 1 1 1 p 1 I(i
o ommeaionl | Dy el T T IHT T 11
data elimination|—»| control b7 SN N I 5 A b0
(SDA) circuit circuit <—| 12C data shift register | h i
L 1 I 1 1 b7 ¢‘ b0
I——SO0
AL |AAS|ADO|LRB
MST|TRX| BB | PIN
AL S1 T 12C status
circuit register
Internal data bus (
BB
circuit
Serial Noise Clock
clock (O-e eliminationf—>|  control b7 N b0 b7 b0
(SCL) circuit circuit (—IACK|ABCI:1}_< st [cora |ecra|cere [cert |ecro mseL1|eseo| 00T | As ESO| BC2 | BC1 |BCO|
S2 2 )
T 12C clock control register S1D I°C control register
Clock division System clock (¢)

Fig. 2.8.1 Block diagram of multi-masteer |

2.8.1 Construction of multi-master |

2C-BUS interface

°C-BUS interface

The multi-master 12C-BUS interface consists of the following :

I2C address register

I2C data shift register
I2C clock control register
I2C control register

I2C status register

Other control circuits

The data transfer with the internal CPU is performed via data bus, the data transfer with an external device
is performed via ports P1:—P14+ When using multi-master 12C-BUS interface, these ports P1:—P14 are

assigned to the following functions.

e P1li: Multi-master I2C-BUS interface Synchronous clock input/output pin 1 (SCL1)
e P1.: Multi-master I12C-BUS interface Synchronous clock input/output pin 2 (SCL2)
e P13 Multi-master 12C-BUS interface data input/output pin 1 (SDA1)
e Pl Multi-master I12C-BUS interface data input/output pin 2 (SDA2)

The shift clock to determine the transfer speed of serial data is selected by the I?C clock control register

(refer to “Figure 2.8.47").

A serial data and a serial clock is referred as “SDA,” “SCL” respectively, hereafter.
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2.8.2 Multi-master | 2C-BUS interface-related registers

(1) I12C data shift register (SO: address 00D7 15)
The 12C data shift register (SO : address 00D716) is an 8-bit shift register to store receive data and
write transmit data.
When transmit data is written into this register, it is transferred to the outside from bit 7 in synchronization
with the SCL clock, and each time one-bit data is output, the data of this register are shifted one bit
to the left. When data is received, it is input to this register from bit 0 in synchronization with the SCL
clock, and each time one-bit data is input, the data of this register are shifted one bit to the left.
The I2C data shift register is in a write enable status only when the ESO bit of the I2C control register
(address 00DAus) is “1.” The bit counter is reset by a write instruction to the 1°C data shift register.
When both the ESO bit and the MST bit of the I?C status register (address 00F9i6) are “1,” the SCL
is output by a write instruction to the 12C data shift register. Reading data from the I°C data shift
register is always enabled regardless of the ESO bit value.
Figure 2.8.2 shows the 12C data shift register.

I2C Data Shift Register

b7 b6 b5 b4 b3 b2 bl b0

I | F’C data shift register (S0) [Address 00D716]
L 0 0 0 0 0 0| B ] Name Functions Afterreset |R ‘W
Lot ] 0 | potoD7 This is an 8-bit shift register to store Indeterminate| R E
t;) receive data and write transmit data. :

Note: To write data into the 1°C data shift register after setting the MST bit to
“0” (slave mode), keep an interval of 8 machine cycles or more.

Fig. 2.8.2 12C data shift register
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(2) 12C address register (SOD: address 00D8 16)
The 12C address register (address 00D81s) consists of a 7-bit slave address and a read/write bit. In
the addressing mode, the slave address written in this register is compared with the address data
to be received immediately after the START condition are detected.

m Bit 0: Read/write bit (RBW)
Not used when comparing addresses, in the 7-bit addressing mode. In the 10-bit addressing mode,
the first address data to be received is compared with the contents (SAD6 to SADO + RBW) of the
I2C address register.
The RBW bit is cleared to “0” automatically when the stop condition is detected.

m Bits 1 to 7: Slave address (SADO-SADG6)
These bits store slave addresses. Regardless of the 7-bit addressing mode and the 10-bit addressing

mode, the address data transmitted from the master is compared with the contents of these bits.

Figure 2.8.3 shows the I12C address register.

I2C Address Register
b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | | | | | | | 12C address register (SOD) [Address 00D816]

B Name Functions After reset|R W
© o0 1 L 0 | Read/write bit 0: Read o |RW
L (RBW) L- Write ;
77777777777777777777777 1 [ Slave address The address data transmitted from 0 R W
to (SADO to SAD6) the master is compared with the :
7 contents of these bits. '

Fig. 2.8.3 12C address register
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I2C clock control register (S2: address 00DB  16)
The 12C clock control register (address 00DBu1s6) is used to set ACK control, SCL mode and SCL
frequency.

m Bits 0 to 4: SCL frequency control bits (CCR0-CCR4)
These bits control the SCL frequency. Refer to “Table 2.8.4.”

m Bit 5: SCL mode specification bit (FAST MODE)
This bit specifies the SCL mode. When this bit is set to “0,” the standard clock mode is set. When
the bit is set to “1,” the high-speed clock mode is set.

m Bit 6: ACK bit (ACK BIT)
This bit sets the SDA status when an ACK clock"” is generated. When this bit is set to “0,” the ACK
return mode is set and SDA goes to LOW at the occurrence of an ACK clock. When the bit is set
to “1,” the ACK non-return mode is set. The SDA is held in the HIGH status at the occurrence of
an ACK clock.
However, when the slave address matches the address data in the reception of address data at
ACK BIT = “0,” the SDA is automatically made LOW (ACK is returned). If there is a mismatch
between the slave address and the address data, the SDA is automatically made HIGH (ACK is
not returned).

OACK clock: Clock for acknowledgment

m Bit 7: ACK clock bit (ACK)
This bit specifies a mode of acknowledgment which is an acknowledgment response of data
transmission. When this bit is set to “0,” the no ACK clock mode is set. In this case, no ACK clock
occurs after data transmission. When the bit is set to “1,” the ACK clock mode is set and the
master generates an ACK clock upon completion of each 1-byte data transmission. The device for
transmitting address data and control data releases the SDA at the occurrence of an ACK clock
(make SDA HIGH) and receives the ACK bit generated by the data receiving device.

Figure 2.8.4 shows the I12C clock control register.

Note: Do not write data into the 12C clock control register during transmission. If data is written during
transmission, the 12C clock generator is reset, so that data cannot be transmitted normally.

7220 Group User’'s Manual 2-51



FUNCTIONAL DESCRIPTION

2.8 Multi-master | 2C-BUS interface

I2C Clock Control Register

b7 b6 b5 b4 b3 b2 bl b0

| I | I I I | I | 12C clock control register (S2 : address 00DB 16)

o B Name Functions After reset [ R W

3 3 3 | _4__i__i__1] O [SCL frequency control bits |Setup value of| Standard clock| High speed 0 R EW

P tj’ (CCRO to CCR4) CCR4-CCRO mode clock mode :

3 3 3 00 to 02 | Setup disabled | Setup disabled i

3 3 3 03 Setup disabled 333 E

o 04 Setup disabled 250 .

05 100|400 (See note)

06 83.3 166

: 500/CCR value | 1000/CCR value

b 1D 17.2 34.5 :

1E 16.6 333

1F 16.1 323

3 3 3 (at =4 MHz, unit : kHz) E

3 3 o 5 |SCL mode 0: Standard clock mode 0 R EW

P specification bit 1: High-speed clock mode '

. (FAST MODE) !

S 6 |ACK bit 0: ACK is returned. 0 RIW

3 (ACK BIT) 1: ACK is not returned. ;

o] 7 [ACK clock bit 0: No ACK clock 0 R:W
(ACK) 1: ACK clock

Note: At 4000kHz in the high-speed clock mode, the duty is as below .
“0" period : “1" period =3 : 2
In the other cases, the duty is as below.
“0” period : “1” period =1:1

Fig. 2.8.4 12C clock control register
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I2C Control Register (S1D: address 00DA 16)
The I2C control register (address 00DA1s) controls the data communication format.

Bits 0 to 2: Bit counter (BC0-BC2)
These bits decide the number of bits for the next 1-byte data to be transmitted. An interrupt
request signal occurs immediately after the number of bits specified with these bits are transmitted.
When a START condition is received, these bits become “0002” and the address data is always
transmitted and received in 8 bits.

Bit 3: 12C-BUS interface use enable bit (ESO)

This bit enables usage of the multi-master 12C-BUS interface. When this bit is set to “0,” the use

disable status is provided, so the SDA and the SCL become high-impedance. When the bit is set

to “1,” use of the interface is enabled.

When ESO = “0,” the following is performed.

« PIN = “1,” BB = “0” and AL = “0" are set (they are bits of the I?C status register at address
00F8:s).

« Writing data to the I2C data shift register (address 00D71s) is disabled.

Bit 4: Data format selection bit (ALS)

This bit decides whether or not to recognize slave addresses. When this bit is set to “0,” the
addressing format is selected, so that address data is recognized. When a match is found between
a slave address and address data as a result of comparison or when a general call (refer to “(5)
I2C Status Register,” bit 1) is received, transmission processing can be performed. When this bit
is set to “1,” the free data format is selected, so that slave addresses are not recognized.

Bit 5: Addressing format selection bit (10BIT SAD)

This bit selects a slave address specification format. When this bit is set to “0,” the 7-bit addressing
format is selected. In this case, only the high-order 7 bits (slave address) of the I2C address
register (address 00D81s) are compared with address data. When this bit is set to “1,” the 10-bit
addressing format is selected, all the bits of the 12C address register are compared with address
data.

Bit 6 and 7: Connection control bits between |  2C-BUS interface and ports (BSELO, BSEL1)
This bits controls the connection between SCL and ports or SDA and ports. When using the ports
as multi-master 12C-BUS interface, set the corresponding bits of port P1 direction register to “1”
(output mode).

Figure 2.8.5 shows the connection port control by BSELO and BSEL1, Figure 2.8.6 shows the I2C
control register.

-
/ \ “1" BSELO
50— O scLPL:
.

ScL 40/1 BSEL1
Multi-master OO—O SCL2/P12
fetaved 1" BSELO

5 OO SDPALPIS
0
SDA “1" BSEL1
\ ) 5 OO spA2PLs

Fig. 2.8.5 Connection port control by BSELO and BSEL1
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|2C Control Register

b7 b6 b5 b4 b3 b2 bl b0

automatically from CMOS output to N-channel open-drain output. However, set
the port direction register to “1” (output mode).

Ij I I I | I I | 12C control register (S1D : address 00DA 16)
oo B Name Functions After reset| R :W
i 0 . 1 1 i__i_ il o |Bitcounter b2 bl b0 0 R'W
N to | (Number of transmit/recieve | 0 0 0: 8 ;
AR 2 |bits) 00 1:7 ;
N (BCO to BC2) 01 0:6 -
A 01 1:5 '
EEEN 1o o ’
Lol 10 1:3 l
oo 1 1 0:2 :
A 11 1:1 '
Do e 3 | 12C-BUS interface use 0 : Disabled 0 R:W
o enable bit (ESO) 1: Enabled :
R —— 4 | Data format selection bit 0 : Addressing mode 0 R'W
b (ALS) 1: Free data format ;
3 3 A 5 | Addressing format selection | 0 : 7-bit addressing format 0 R IW
b bit (10BIT SAD) 1 : 10-bit addressing format '
o 6, 7 | Connection control bits b7 b6 Connection port 0 R:W
b between ’C-BUS interface | 0 0: None '
o] and ports 0 1:SCL1, SDA1 :
(BSELO, BSEL1) 1 0: SCL2, SDA2 :
1 1: SCL1, SDA1 .
SCL2, SDA2 .
Note: When using ports P11-P14 as I?C-BUS interface, the output structure changes

Fig. 2.8.6 12C control register
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I12C status register (S1: address 00D9 1)
The I2C status register (address 00D916) controls the I2C-BUS interface status. The low-order 4 bits
are read-only bits and the high-order 4 bits can be read out and written to.

m Bit 0: Last receive bit (LRB)
This bit stores the last bit value of received data and can also be used for ACK receive confirmation.
If ACK is returned when an ACK clock occurs, the LRB bit is set to “0.” If ACK is not returned,
this bit is set to “1.” Except in the ACK mode, the last bit value of received data is input. The state
of this bit is changed from “1” to “0” by executing a write instruction to the 12C data shift register
(address 00D71s).

m Bit 1. General call detecting flag (ADO)
This bit is set to “1” when a general call® whose address data is all “0” is received in the slave
mode. By a general call of the master device, every slave device receives control data after the
general call. The ADO bit is set to “0” by detecting the STOP condition or START condition.

m Bit 2: Slave address comparison flag (AAS)
This flag indicates a comparison result of address data.
OIn the slave receive mode, when the 7-bit addressing format is selected, this bit is set to “1” in
one of the following conditions.
» The address data immediately after occurrence of a START condition matches the slave address
stored in the high-order 7 bits of the I12C address register (address 00D8us).
* A general call is received.
OlIn the slave reception mode, when the 10-bit addressing format is selected, this bit is set to “1”
with the following condition.
* When the address data is compared with the 12C address register (8 bits consists of slave
address and RBW), the first bytes match.
OThe state of this bit is changed from “1” to “0” by executing a write instruction to the I2C data
shift register (address 00D71s).

m Bit 3: Arbitration lost F detecting flag (AL)

In the master transmission mode, when a device other than the microcomputer sets the SDA to
LOW by any other device, arbitration is judged to have been lost, so that this bit is set to “1.” At
the same time, the TRX bit is set to “0,” so that immediately after transmission of the byte, whose
arbitration was lost is completed, the MST bit is set to “0.” When arbitration is lost during slave
address transmission, the TRX bit is set to “0” and the reception mode is set. Consequently, it
becomes possible to receive and recognize its own slave address transmitted by another master
device.

OArbitration lost: The status in which communication as a master is disabled.
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m Bit 4: 12C-BUS interface interrupt request bit (PIN)

This bit generates an interrupt request signal. Each time 1-byte data is transmitted, the state of

the PIN bit changes from “1” to “0.” At the same time, an interrupt request signal is sent to the

CPU. The PIN bit is set to “0” in synchronization with a falling edge of the last clock (including the

ACK clock) of an internal clock and an interrupt request signal occurs in synchronization with a

falling edge of the PIN bit. When the PIN bit is “0,” the SCL is kept in the “0” state and clock

generation is disabled. Figure 2.8.7 shows an interrupt request signal generating timing chart.

The PIN bit is set to “1” in any one of the following conditions.

» Executing a write instruction to the 12C data shift register (address 00D71s).

* When the ESO bit is “0”

* At reset

The conditions in which the PIN bit is set to “0” are shown below:

« Immediately after completion of 1-byte data transmission (including when arbitration lost is detected)

* Immediately after completion of 1-byte data reception

« In the slave reception mode, with ALS = “0” and immediately after completion of slave address
or general call address reception

 In the slave reception mode, with ALS = “1” and immediately after completion of address data
reception

Bit 5: Bus busy flag (BB)

This bit indicates the status of use of the bus system. When this bit is set to “0,” this bus system
is not busy and a START condition can be generated. When this bit is set to “1,” this bus system
is busy and the occurrence of a START condition is disabled by the START condition duplication
prevention function (Note).

This flag can be written by software only in the master transmission mode. In the other modes, this
bit is set to “1” by detecting a START condition and set to “0” by detecting a STOP condition. When
the ESO bit of the I2C control register (address 00DAus) is “0” and at reset, the BB flag is kept in
the “0” state.

Bit 6: Communication mode specification bit (transfer direction specification bit: TRX)

This bit decides the direction of transfer for data communication. When this bit is “0,” the reception

mode is selected and the data of a transmitting device is received. When the bit is “1,” the

transmission mode is selected and address data and control data are output into the SDA in

synchronization with the clock generated on the SCL.

When the ALS bit of the I2C control register (address 00F9:6) is “0” in the slave reception mode

is selected, the TRX bit is set to “1” (transmit) if the least significant bit (R/W bit) of the address

data transmitted by the master is “1.” When the ALS bit is “0” and the R/W bit is “0,” the TRX bit

is cleared to “0” (receive).

The TRX bit is cleared to “0” in one of the following conditions.

* When arbitration lost is detected.

* When a STOP condition is detected.

« When occurrence of a START condition is disabled by the START condition duplication prevention
function (Note).

* With MST = “0” and when a START condition is detected.

* With MST = “0” and when ACK non-return is detected.

* At reset
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m Bit 7: Communication mode specification bit (master/slave specification bit: MST)

This bit is used for master/slave specification for data communication. When this bit is “0,” the

slave is specified, so that a START condition and a STOP condition generated by the master are

received, and data communication is performed in synchronization with the clock generated by the

master. When this bit is “1,” the master is specified and a START condition and a STOP condition

are generated, and also the clocks required for data communication are generated on the SCL.

The MST bit is cleared to “0” in one of the following conditions.

« Immediately after completion of 1-byte data transmission when arbitration lost is detected

* When a STOP condition is detected.

* When occurrence of a START condition is disabled by the START condition duplication preventing
function (Note).

e At reset

Figure 2.8.7 shows the interrupt request signal generating timing, Figure 2.8.8 shows the 12C status
register.

Note: The START condition duplication prevention function disables the START condition generation,

reset of bit counter reset, and SCL output when the following condition is satisfied:
a START condition is set by another master device.

scL | | | |

PIN I—
IICIRQ |_|

Fig. 2.8.7 Interrupt request signal generating timing

I2C Status Register

b7 b6 b5 b4 b3 b2 bl b0

I2C status register (S1) [Address 00D916]

.| 0 |Last receive bit (LRB)

A Name Functions After reset(R
A 0:Lastbhit="0" Indeterminate| R | —

Lo (See note) 1:Lasthit=“1" :
3 3 3 3 3 3 g 1 | General call detecting flag 0 : No general call detected 0 R :_

[ T (ADO) (See note) 1: General call detected '
3 3 3 3 3 e 2 | Slave address comparison 0 : Address mismatch 0 R E_

Lo flag (AAS) (See note) 1: Address match '
e, 3 | Arbitration lost detecting flag | O : Not detected 0 R —

Lo (AL) (See note) 1: Detected :
e 4 | 12C-BUS interface interrupt | O : Interrupt request issued 1 R W

Lo request bit (PIN) 1: No interrupt request issued '
I 5 | Bus busy flag (BB) 0 : Bus free 0 R W

Lo 1: Bus busy ,
P 6, 7 | Communication mode b7 b6 0 R'W

specification bits 0 0: Slave recieve mode :

(TRX, MST) 0 1: Slave transmit mode '

1 0: Master recieve mode E

1 1:Master transmit mode '

Note : These bits and flags can be read out, but cannnot be written.

Fig. 2.8.8 12C status register
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2.8.3 START condition, STOP condition generation method

(1) START condition generation method

(2)

When the ESO bit of the I12C control register (address 00DAss) is “1,” execute a write instruction to
the 12C status register (address 00D9:6) to set the MST, TRX and BB bits to “1.” A START condition
will then be generated. After that, the bit counter becomes “000:2” and an SCL for 1 byte is output.
The START condition generating timing and BB bit set timing are different in the standard clock mode
and the high-speed clock mode. Refer to “Figure 2.8.9” for the START condition generation timing
diagram, and “Table 2.8.2” for the START condition/STOP condition generation timing table.

STOP condition generation method

When the ESO bit of the I2C control register (address 00DAss) is “1,” execute a write instruction to
the 12C status register (address 00D9:6) for setting the MST bit and the TRX bit to “1” and the BB
bit to “0”. A STOP condition will then be generated. The STOP condition generation timing and the
BB flag reset timing are different in the standard clock mode and the high-speed clock mode. Refer
to “Figure 2.8.10" for the STOP condition generating timing diagram, and “Table 2.8.2" for the
START condition/STOP condition generation timing table.

12C status register

write signal ‘
scL | : -
_l;——stﬁ\%p———;—Hold time -
SDA — 1 __
1 . _Set time for
- - Setu | !
' time | |
Fig. 2.8.9 START condition generation timing diagram
12C status register
write signal ‘
scL | : -
_l‘pﬁst%lépfﬂ;fHold time -
SDA -
. Reset time for
BB flag 1 BBflag

Fig. 2.8.10 STOP condition generation timing diagram

Table 2.8.2 START condition/STOP condition generation timing table

Item

Standard clock mode

High-speed clock mode

Setup time

5.0 us (20 cycles)

2.5 us (10 cycles)

Hold time

5.0 us (20 cycles)

2.5 us (10 cycles)

Set/reset time for BB flag

3.0 us (12 cycles)

1.5 us (6 cycles)

Note: Absolute time at ¢ =4 MHz. The value in parentheses denotes the number of ¢ cycles.
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(3) START/STOP condition detect conditions
The START/STOP condition detect conditions are shown in Figure 2.8.11 and Table 2.8.3. Only when
the 3 conditions of Table 10 are satisfied, a START/STOP condition can be detected.

Note: When a STOP condition is detected in the slave mode (MST = 0), an interrupt request signal
“lICIRQ” is generated to the CPU.

r---- SCL release time -~~~ ;

st — I sewp L ——
; time ~~Hold time -~
(START Condition) ' :
condition | | !
;”,,Stient]lép””:”Hmd time -
SDA  — |‘ ‘

(STOP condition)

Fig. 2.8.11 START condition/STOP condition detect timing diagram

Table 2.8.3 START condition/STOP condition detect conditions

Standard clock mode

High-speed clock mode

6.5 us (26 cycles) < SCL release time

1.0 us (4 cycles) < SCL release time

3.25 pus (13 cycles) < Setup time

0.5 us (2 cycles) < Setup time

3.25 pus (13 cycles) < Hold time

0.5 pus (2 cycles) < Hold time

Note: Absolute time at ¢ = 4 MHz. The value in parentheses denotes the number of ¢ cycles.
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(4) Address Data Communication

There are two address data communication formats, namely, 7-bit addressing format and 10-bit

addressing format. The respective address communication formats is described below.

O 7-bit addressing format
To meet the 7-bit addressing format, set the 10BIT SAD bit of the I2C control register (address
00DAus) to “0.” The first 7-bit address data transmitted from the master is compared with the high-
order 7-bit slave address stored in the 12C address register (address 00D816). At the time of this
comparison, address comparison of the RBW bit of the I2C address register (address 00D81s) is not
made. For the data transmission format when the 7-bit addressing format is selected, refer to
“Figure 2.8.12, (1) and (2).”

0 10-bit addressing format
To meet the 10-bit addressing format, set the 10BIT SAD bit of the I2C control register (address
00DAus6) to “1.” An address comparison is made between the first-byte address data transmitted
from the master and the 7-bit slave address stored in the 1°C address register (address 00D8:s).
At the time of this comparison, an address comparison between the RBW bit of the I2C address
register (address 00D81s) and the R/W bit which is the last bit of the address data transmitted from
the master is made. In the 10-bit addressing mode, the R/W bit which is the last bit of the address
data not only specifies the direction of communication for control data but also is processed as an
address data bit.
When the first-byte address data matches the slave address, the AAS bit of the I2C status register
(address 00D916) is set to “1.” After the second-byte address data is stored into the 12C data shift
register (address 00D716), make an address comparison between the second-byte data and the
slave address by software. When the address data of the 2nd byte matches the slave address, set
the RBW bit of the I?C address register (address 00D816) to “1” by software. This processing can
match the 7-bit slave address and R/W data, which are received after a RESTART condition is
detected, with the value of the 12C address register (address 00D81s). For the data transmission
format when the 10-bit addressing format is selected, refer to “Figure 2.8.12, (3) and (4).”

S |Slave address [R/IW | A Data A Data | AIA | P

7 bits ‘0" 1 to 8 bits 1 to 8 bits
(1) A master-transmitter transmits data to a slave-receiver

S |Slave address | RIW | A Data | A Data | A P
7 bits “1” 1 to 8 bits 1 to 8 bits
(2) A master-receiver receives data from a slave-transmitter
Slave address W Slave address x
S 1st 7 bits RW | A 2nd byte A Data A Data | A/A P
7 bits “0” 8 bits 1 to 8 bits 1 to 8 bits

(3) A master-transmitter transmits data to a slave-receiver with a 10-bit address

Slave address I Slave address Slave address i =
. 1st 7 bits Radg A 2nd byte A = 1st 7 bits Bl Daa A Data A P
7 bits “0” 8 bits 7 bits “1" 1to 8 bits 1 to 8 bhits

(4) A master-receiver receives data from a slave-transmitter with a 10-bit address

S : START condition P : STOP condition [] From master to slave
A : ACK bit R/W: Read/Write bit [ ] From slave to master
Sr : Restart condition

Fig. 2.8.12 Address data communication format
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2.9 A-D comparator

The M37221M6-XXXSP/FP has A-D comparator consists of the 6-bit D-A converter by resistance string
method and a comparator. Figure 2.9.1 shows the A-D comparator block diagram.

Data bus
A-D control register 1
- Comparator control
Bits 0 to 2
A-D control A-D control
P1s/A-D1/INT3 —| register 1 Y register 2
P16/A-D2 —
Analog
PouADS ] signal Compa- gita || mits | mita | stz | mite | mit1 | sito |
P30/A-D5 —{ switch
P31/A-D6 — 1

Switch tree

Resistor ladder

Fig. 2.9.1 A-D comparator block diagram

The following explains A-D comparison method.

0 Set “0” to corresponding bits of the direction register to use ports as analog input pins.

O Select the analog input pin with bits 0 to 2 of A-D control register 1 (address 00EEus).

0 Set the comparison voltage “Ver" for D-A conversion by bits 0 to 5 of A-D control register 2 (address
00EF16). Table 2.9.1 shows the Vit values corresponding to the set values above.
A-D comparison starts by writing to A-D control register 2.

O This voltage comparison needs for 16 machine cycles (NOP instruction O 8).

0 The comparison result is stored in bit 4 of the A-D control register 1 (address 00EEus).

When the input voltage value is lower than the comparison voltage value, bit 4 is cleared to “0”; when the
input voltage value is higher than the comparison voltage value, bit 4 is set to “1” (refer to “Figure 2.9.2" ).
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Table 2.9.1 Relationship between contents of A-D control register 2 and reference voltage “V

ref

A-D control register 2 Internal analog voltage
bit 5 | bit4 [bit3 |bit2] bitl]| bit0 (comparison voltage Vrer)
0 0 0 0 0 0 1/128Vcc
0 0 0 0 0 1 3/128Vcc
0 0 0 0 1 0 5/128Vcc
1 1 1 1 0 1 123/128Vcc
1 1 1 1 1 0 125/128Vcc
1 1 1 1 1 1 127/128Vcc

A-D Control Register 1

b7 b6 b5 b4 b3 b2 bl b0

| I I | I | | | | A-D control register 1 (AD1) [Address 00EE16]
A Name Functions After reset| R W]
1 1 1 1 i__i__.l O [Analog input pin selection b2 bl bo 0 R W,
e to | bits 0 0 0:AD1 :
A 2 | (ADMO, ADM1, ADM2) 0 0 1:AD2 '
A 0 1 0:A-D3 i
0 1 1:A-D4 ‘
T 1 0 0:AD5 :
Vo 1 0 1:AD6 '
Coo 1 1 0: .
3 ‘ ‘ ‘ ‘ 111 Do not set. ;
P 3 | Nothing is assigned. This bit is a write disable bit. o |[ri_d
oo T When this bit is read out, the value is “0.” '
3 3 3 3 7777777777777 4 | Storage bit of comparison 0: Input voltage < reference voltage Indeterminate | R EW
oo result (ADM4) 1: Input voltage > reference voltage '
o 5 Nothing is assigned. These bits are write disable bits. 0 R :_
”””””””””””” t;) When these bits are read out, the values are “0.” :
Fig. 2.9.2 A-D control register 1 (address O0EE 16)
A-D Control Register 2
b7 b6 b5 b4 b3 b2 bl b0
A-D control register 2(AD2) [Address 00EF16]
3 : | : : : : : B Name Functions After reset| R EW
oo 0 1 1] 0 |D-Aconverter set bits b5 b4 b3 b2 bl b0 0 R EW
[ S S SR S 0 0 0 0 0 O0:1/128Vcc H
b to |(ADCO, ADC1, ADC2, : '
b 5 | ADC3, ADC4, ADC5) 0 0 00 0 1:8/128Vcc ;
Lo 0 0 0 0 1 O0:5/128Vcc '
- 1 1 1 1 0 1:123/128Vcc .
Lo 1 1 1 1 1 0:125/128Vcc .
- 1 1 1 1 1 1:127/128Vcc :
] 6, 7 |Nothing is assigned. These bits are write disable bits. 0 RI1—
When these bits are reed out, the values are “ 0.” '

Fig. 2.9.3 A-D control register 2 (address O0EF  16)
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2.10 PWM

The M37221M6-XXXSP/FP has one 14-bit PWM (pulse width modulator) [DA], and six 8-bit PWM [PWMO0-
PWMS5].

Table 2.10.1 shows the PWM function performance.

Table 2.10.1 PWM function performance (at oscillation frequency = 8 MHz)

Performance 14-bit PWM [DA] 8-bit PWM
Resolution (bits) 14 8
Minimum resolution bit width (us) 0.25 4
Repeat cycle (us) 4096 1024

Figure 2.10.1 shows the 14-bit PWM block diagram and Figure 2.10.2 shows the 8-bit PWM block diagram.

Data bus

DA-H register
(Address : 00CE16)y

br] T T [ [ [ [eo]

DA-L register (Note)
(Address : 00CF16)

DA latch <
(14 bits) v

[mss]

[Lse]

PN4 DA
14-bit PWM circuit — 5> ooa
PW1

PWM timing

XINO > generating

circuit

»g» Selection gate :
Connected to
black side when
reset.

—>®> Pass gate

with the others.

PW: PWM output control register 1
PN: PWM output control register 2

Note: The DA-L register also functions as the low-order 6 bits of the DA latch.

Fig. 2.10.1 14-bit PWM (DA) block diagram
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»é» Selection gate :
Connected to
black side when

reset.

with the others.

PW: PWM output control register 1
PN: PWM output control register 2

DO: Port PO direction register

Data bus

¢

XinO— 1/2

PWM register
(Address : 00D016))

PWM timing
generating
circuit

7] [ |

| PO D01 PWM1
Lk >
| I PW3
I I
T T P02 DO PWM2
I I
| }%é—LODO_‘
| | PWA4
I I
oot PO DOs PWM3
I I
| —>
: . PW5
S 7 POs DOs PWM4
I I
| Hg—LODO—‘
! ' PW6
o 7 POs  pps PWM5
| | g j o]
I
! LOPWY
|

Fig. 2.10.2 8-bit PWM block diagram

2.10.1 8-bit PWM registers (addresses 00D0

Data transfer from the 8-bit PWM registers (addresses 00D01s to 00D416 and 00F61s) to the 8-bit PWM
circuit is executed when writing data to the registers. The output signal from the 8-bit PWM output pin

/DA registers (addresses 00CE 15 and 00CF1s)

corresponds to the contents of this register.

Also, data transfer from the DA registers (addresses 00CEis and 00CFi6) to the 14-bit PWM circuit is
executed when writing data to the DA-L register (address 00CFi6). The output signal from the D—A output

pin corresponds to the contents of the DA latch.

Reading from the DA register (address 00CEis) means the DA latch contents. Therefore, it is possible to

16 t0 00D41s and O0F616)

confirm the data being output from the D-A output pin by reading the DA register.
The contents of the 8-bit PWM register and DA register are indeterminate after reset.
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2.10.2 14-bit PWM (DA output)
The 14-bit PWM automatically outputs a PWM rectangular waveform from the D-A pin by writing high-order
8 bits of the output data to the DA-H register and the low-order 6 bits to the DA-L register. Data of the
DA-H register are transferred to the 14-bit PWM circuit when writing to the DA-L register.
The following explains the output operation of 14-bit PWM rectangular waveform (when f(Xin) = 8 MHz).
OThe repeat cycle “T” (4,096 us) of output waveform is divided into 2% = 64 smaller interval “t” (t =
64 us). The “t” is further divided into the minimum resolution bit “t” of 28 = 256 (t = 0.25 us).
OThe HIGH duration of the fundamental waveform is determined by the high-order 8 bits “Dw” of the DA
latch.
HIGH duration (time) = T 0 Dun (when f(Xin) = 8 MHz, 0.25Dn us)
Because the Dw values are “0” to “255,” the HIGH duration can be selected a total of 256.
OThe smaller interval “tm” with a longer HIGH level area by “t” is specified by the low-order 6 bits “D.” of
the DA latch. The tm is specified from among 64 smaller intervals (to to tes).
Therefore, a rectangular waveform consisted of 2-kind waveforms with different HIGH duration are output
from pin D—A (a length of entirely HIGH output cannot be output).
Figure 2.10.3 shows the 14-bit PWM output example, Table 2.10.2 shows the relation between D. and tm
(m = “0” to “63").

Table 2.10.2 The relation between D L and tm (m = “0” to “63")

Smaller intervals that HIGH duration is longer by 1

Low-order 6-bit data of DA register (D
9 (0y) tm (m = “0” to “63") Number
M8 0 0 0O 0O O O 'sB Nothing 0
0O 00 OO 1 m = 32 1
0O 0O0OO10O0 m = 16, 48 2
0 00011 m = 16, 32, 48 3
0O 0O0O1O00O0 m = 8, 24, 40, 56 4
0 00101 m = 8, 24, 32, 40, 56 5
000110 m = 8, 16, 24, 40, 48, 56 6
0 01 00O m = 4, 12, 20, 28, 36, 44, 52, 60 8
01 00O0O0 m = 2, 6, 10, 14, 18, ... 46, 50, 54, 58, 62 16
1 00000 m=1,3,5, 7,9 ..55, 57,59, 61, 63 32
1 01000 m=1,3,5, 7,9 ..52, 55, 57, 59, 60, 61, 63 40
111111 m = 1 to 63 (“0” is not included) 63
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@at “2C16" to DA-H regist@

b7 b6 b5 b4

DAH [ofo]1]o0
register]

b3 b2 bl bo
1[1]o0]0]DH

At writing of DA-L

b13

b6 b5

Get “2816" to DA-L registeD

b7 b6 b5 b4 b3 b2 bl b0
[DA-Lregister]| | |l|0 1|0|0|0|DL

W_/

Undefined

At writing of DA-L

b0

DAlach] [o JoJ1Jol1]1]o]

oJofo]

ofl1fo]1

These bits decide HIGH level area
of fundamental waveform

These bits decide smaller interval “tm” in which HIGH level
area is [HIGH level area of fundamental waveform + t].

Minimum . .
<;—|IGdH level ?rea off > - <reso|uti0n bit > 0 <Hl?h-or?g;8|-bnh>
undamental waveform width 0.25 ps value o atcl
Fundamental Waveform of smaller interval “tm” specified by low-order 6 bits
waveform
0.25us 044 0.25 us 0 45
> <-0.25 us

14-bit A 14-bit P R U
PWM output 2C:ZB:2A: :03:02:01 00 PWM output 2C:ZB:2A: :03:02:01
8'b“::::::::::::i 8'b“:::::::i::::‘
counter FFI/FE FD, --- |D6/D5,D4,D3 | --- 102,01, 00 counter FF,FE.FD; - |D6;D5:D4,D3; - 102:01;00

Fundamental waveform of smaller interval
“tm” which is not specified by low-order 6
bits is not changed.

|

0.25 us
14-bit PWM output J | E
to 1 ot t2

Low-order 6-bit output
of DA latch

Repeat period

T = 4096 ps

Fig. 2.10.3 14-bit PWM output example (f(X

n) = 8 MHZz)
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2.10.3 8-bit PWM (PWMO to PWM5: address 00DO0 16 to 00D416 and 00F616 )

The 8-bit PWM outputs waveform which is the logical sum (OR) of pulses corresponding to bits 0 to 7 of
the 8-bit PWM register.

That is to say, 8 kinds of pulses corresponding to the weight of each bit of the 8-bit PWM register are
output inside the circuit during 1 cycle. Among these pulses, OR of pulses that correspond to bits, which
is set to “1,” in the 8-bit PWM register to external devices as PWM output.

Figure 2.10.4 shows the pulse waveforms corresponding to the weight of each bit of the 8-bit PWM register.
Figure 2.10.5 shows the example of 8-bit PWM output.

As shown in the Figures, 256 kinds of output (HIGH duration: 0/256 to 255/256) are selected by changing
the contents of the PWM register (a length of entirely HIGH cannot be output).
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Fig. 2.10.5 Example of 8-bit PWM output

Fig. 2.10.4 Pulse waveforms corresponding to weight

of each bit of 8-bit PWM register
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2.10.4 14-bit PWM output control

How to control the 14-bit PWM output is described below.

00 Set “0” to bit 0 of PWM output control register 1 (address 00D516) to supply the PWM count source (this
bit is cleared to “0” when reset).

O Set the high-order 8 bits of the output data to the DA-H register.

00 Set the low-order 6 bits of the output data to the DA-L register.

O Data is written to the 14-bit PWM circuit by writing data to the DA-L register.

For this reason, even when changing only the high-order 8 bits of the output data, be sure to write the
low-order 6 bits data to the DA-L register again.
Conversely, when changing low-order 6 bits only, it needs to only write data to the DA-L register, and
needs not write the high-order 8-bit data again.

O Select the output polarity by bit 2 of PWM output control register 2 (address 00D61s). When setting to
“0,” a positive polarity is selected; when “1,” a negative polarity is selected.

O 14-bit PWM is output from the D-A pin by clearing bit 1 of PWM output control register 1 to “0.” When
setting to “1,” pin D-A functions as a 1-bit general-purpose output port. In this case, it is possible to
specify either HIGH output (= “1”) or LOW output(= “0”) output by bit 4 of PWM output control register
2.

PWM Output Control Register 1
b7 b6 b5b4 b3 b2b1b0
PWM output control register 1 (PW) [Address 00D516]
A Name Functions After reset | R ' W
vior o 1 110 [DA, PWM count source| 0 : Count source supply 0 RiW
[ selection bit (PWO0) 1 : Count source stop X
bbb | 1 | DA/PN4 output 0 : DA output 0 RIW
[ selection bit (PW1) 1: PN4 output :
2 | POO/PWMO output 0: POo output o |RrRiw
[ selection bit (PW2) 1: PWMO output :
oo 3 |POY/PWM1 output 0: PO1 output 0 |rR!w
P T selection bit (PW3) 1: PWM1 output :
oo 4 |P02/PWM2 output 0: P02 output 0o [rRiw
P selection bit (PW4) 1: PWM2 output ;
Co ] 5 |Po3/PWM3 output 0: P03 output o [rRiw
b selection bit (PW5) 1: PWM3 output '
b 6 |P04/PWM4 output 0: P04 output 0 RIW
T selection bit (PW6) 1: PWM4 output |
] 7 |POs/PWMS output 0: POs output 0o [rRiw
selection bit (PW7) 1: PWMS5 output ;

Fig. 2.10.6 PWM

output control register 1 (address 00D5

16)
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2.10.5 8-bit PWM output control

How to control the 8-bit PWM output is described below.

The PWMO-PWM7 output pins are also used for port PO.—P0s and P60—P6s.

0 Set “0” to bit 0 of the PWM output control register 1 (address 00D516) to supply the PWM count source
(this bit is cleared to “0” after reset).

0 Write output data to the corresponding 8-bit PWM registers (addresses 00D0is to 00D41s and 00F61s).

O Set the corresponding bit of the port PO direction register to “1” to specify the output mode.

O Select the output polarity by bit 3 of the PWM output control register 2 (address 00D61s). When this bit
is cleared to “0,” a positive polarity is selected; when set to “1,” a negative polarity is selected.

O By setting “1” to the corresponding bits among bits 2 to 7 of the PWM output control register 1, the pins
are given the PWM output function to output the PWM. When clearing to “0,” the pins become general-
purpose ports (ports P0o—PO0s).

PWM Output Control Register 2

b7 b6 b5b4 b3 b2b1 b0
PWM output control register 2 (PN) [Address 00D616]

Cron o B Name I Functions After reset | R W
A R R (U Nothing is assigned. These bits are write disable bits. 0 R i
I When these bits are read out, the values are “0.”
_______ 2 DA output polarity 0 : Positive polarity 0 RiW
N selection bit (PN3) 1 : Negative polarity '
oo 3 [PWM output polarity |0 : Positive polarity 0 RIW
Pl selection bit (PN4) 1 : Negative polarity
P 4 |DA general-purpose 0 : Output LOW 0 R W
Do e output bit (PN5) 1 : Output HIGH '
o 5 |Nothing is assigned. These bits are write disable bits. 0 R —

t;) When these bits are read out, the values are “0.” '

Fig. 2.10.7 PWM output control register 2 (address 00D6  16)
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2.11 CRT display function
Table 2.11.1 shows the outline the CRT display function of the M37221M6-XXXSP/FP.

M37220M3-XXXSP/FP
Refer to “CHAPTER 4. M37220M3-XXXSP/FP.”

The M37221M6-XXXSP/FP has the 24 characters [0 2 lines CRT display circuit. CRT display is controlled
by the CRT control register.

Up to 256 kinds of characters can be displayed, and colors can be specified for each character. Up to 4
kinds of colors can be displayed on 1 screen. A combination of up to 7 colors can be obtained by using each
output signal (R, G, and B). Characters are displayed in a 12 [0 16 dot structure to display smooth character
patterns (refer to “Figure 2.11.1" ).

How to display characters on the CRT screen is described below.

O Write the display character code in the display RAM.

Specify the display color by the color register.

Write the color register in which the display color is set in the display RAM.

Specify the vertical position by the vertical position register.

Specify the character size by the character size register.

Specify the horizontal position by the horizontal position register.

Write the display control bit to the designated block display flag of the CRT control register. When this
is done, the CRT starts according to the input of the Vsvc signal.

Ooooood

The CRT display circuit has an extended display mode. This mode allows multi-line (more than 3 lines) to
be displayed on the screen by interrupting each time 1 line is displayed and rewriting data in the block which
display is terminated by software.

Figure 2.11.2 shows the CRT display circuit block diagram. Figure 2.11.3 shows the CRT control register.

Table 2.11.1 Outline of CRT display function

12 dots Parameter Performance
Number of display 24 characters 0 2 lines
character
Dot structure 12 dots 0 16 dots

(Refer to “Figure 2.11.1")
Kinds of character 256 kinds
Kinds of character sizes| 3 kinds

Color Kind of colors | 1 screen; 4 kinds, maximum 7 kinds
16 dots Coloring unit | A character

Display extension Possible (multi-line display)

Raster coloring Possible (maximum 7 kinds)

Character background | Possible (a character unit, 1

coloring screen; 4 kinds, maximum 7 kinds)

Fig. 2.11.1 Structure of CRT display character

7220 Group User’'s Manual 2-71



FUNCTIONAL DESCRIPTION

2.11 CRT display function

(Address 00EA16)

CRT control register

A

Y

OSsC1 0scC2

[t

Display oscillation

HsynC VsyNC

ON®)

(Addresses 00E116, 00E216)

| Vertical position registers

circuit

(Address 00E416)

Character size register

(Address 00EO16)

Horizontal position register

Display position control circuit

(Address 00E516)

Border selection register

Display control
circuit

)

RAM for display

(Addresses 00E616

10 bits O 24 characters O
2 lines

256

to 00E916) y

ROM for display
>112 bits 0 16 dots O

characters

Color registers

\ v

Shift register [
12 bits

Shift register
12 bits

(Address 00EC1s6)

¢ Y \

Data bus

CRT port control register

QOutput circuit <

L oL

B OUT1 OuUT2

1

Fig. 2.11.2 CRT display circuit block diagram
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CRT Control Register

b7 b6 b5 b4 b3 b2 bl b0

| U | | I | | | CRT control register (CC) [Address 00EA1s]

3 | 3 3 3 3 3 3 B Name Functions Afterreset | R EW

3 3 3 3 3 3 3 L 0 | All-blocks display control 0 : All-blocks display off 0 R EW

[ bit (Note) (CCO) 1 : All-blocks display on !

L » 1 1 1 1 1|1 |Block1display control bit |O:Block 1 display off 0 RIW

A (ccu) 1 : Block 1 display on :

3 3 3 3 3 i 7777777 2 | Block 2 display control bit | 0 : Block 2 display off 0 R EW

Lo (CC2) 1 : Block 2 display on :

oo 3 |Nothing is assigned. These bits are write disable bits. 0 R E—

| to [When these bits are read out, the values are “0.” '

| 6 :

! 7 | PLo/OUT2 pin switch bit [0 : P10 0 |Riw
”””””””””””” (CC7) 1:0UT2 !

Note: Display is controlled by logical product (AND) between the all-blocks display
control bit and each block control bit.

Fig. 2.11.3 CRT control register (address O0EA 1)
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2.11.1 Display position

The display positions of characters are specified in units called a “block”. There are 2 blocks, block 1 and
block 2. Up to 24 characters can be displayed in 1 block (refer to “2.11.3 Memory for display” ).

The display position of each block in both horizontal and vertical directions can be set by software.
The horizontal direction is common to all blocks, and is selected from 64-step display positions in units of
4 Tc (Tc = oscillation cycle for display).

The display position in the vertical direction is selected from 128-step display positions for each block in
units of 4 scanning lines. The display position in the vertical direction is determined by counting the
horizontal sync signal (Hsvync).

At this time, it starts to count the rising edge (falling edge®) of Hsvnc signal from after about 1 machine cycle
of rising edge (falling edge®) of Vswnc signal. So interval from rising edge (falling edge®) of Hsync signal
needs enough time (2 machine cycles or more) for avoiding jitter.

0: The polarity of Hsvnc and Vsvyne signals can select by the CRT port control register (address 00EC:s).
When clearing corresponding bits to “0,” positive polarity is selected, when setting to “1,” negative
polarity is selected. Refer to “2.11.7 CRT output pin control”  for detail.

Vsync signal input %478 machine cycles or more (See note 4)

Vsyne control signal ~®1 0.125 s to 0.25 us (See note 2)
In microcomputer

Period of counting — -
Hsync signal :
(See note 3)

Hsync signal input 4*:%“ U U U U
1 1 1 1 1
2 3 4 5

1

) Not count 1

8 machine cycles or more

(See note 4) When bits 0 and 1 of the CRT port control register (address 00EC16)
are set to “1” (negative polarity)

Note 1: The vertical position is determined by counting falling

edge of Hsync signal after rising edge of Vsync control
signal in the microcomputer.

2: At f(Xin) = 8 MHz

3: Do not generate falling edge of Hsync signal near rising edge
of Vsync control signal in microcomputer to avoid jitter.

4: Pulse width of Vsync and of Hsync signals needs 8 machine
cycles or more.

Fig. 2.11.4 Count method of synchronous signal

2-74 7220 Group User’'s Manual



FUNCTIONAL DESCRIPTION

2.11 CRT display function

The block 2 is displayed after the display of block 1 is completed (refer to “Figure 2.11.5 (a)” ). Therefore,
set vertical display start position of block 2 to be lower than the display end position of block 1. The block
2 cannot display when the display position of block 2 is overlapped with the display position of block 1
(refer to “Figure 2.11.5 (b)” ) or is higher than the display position of block 1 (refer to “Figure 2.11.5 (c)” ).
Same as above, at the multiline display, the next block 1 cannot be displayed until the display of block 2
is completed. Therefore, set the display start position of the second and later block 1 to be lower than the
display position of the last block 2 (refer to “Figure 2.11.5 (d)” ).

[ \ : ) f A HR | Because the block 2 is
- ( — - ( ——
(HR)—> (HR) i higher than the block 1, the
Cviy ___ L2 ' block 2 cannot be displayed.
I
Block 1 cv2y | \
cvay_.| 2 Block 2
BlOCk2 I///////////////////////////
cviy !
Block 1
\ J . J
(a) Example when each block is separated. (c) Example when the block 2 is higher than the block 1.
r . ) f A 4 ]
- (HR)——> - (HR)—» Block 1 (last display)
cviy __ L cv2Y | _
vz y_] Block 1 (last displayed)CV1y_| Block 2 (last display)
; Block 2 ‘ 4 ocC
I///////////////\////////// I////////////////\//////////
I I
I I
: Because the block 1 overlaps
Because the block 2 overlaps with - :
the block 1, the block 2 canlrjwot be with the last display of block 2,
displayed. q the block 1 cannot be dlsplayed.J
\ S
. (d) Example when the block 1 overlaps with the last
(b) Example when block 2 overlaps with block 1. display of block 2 at the multiline display.

Fig. 2.11.5 Display position
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The vertical position can specify 128-step positions (4 scanning lines per step) for each block by setting
values “0016” to “7F16” to bits 0 to 6 of the vertical position registers (the blocks 1 and 2 are assigned to
addresses to 00Elis, 00E21s respectively). Figure 2.11.6 shows the vertical position registers.

Vertical Position Reqister n

b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | Vertical position register n (CV1,CV2) (n = 1 and 2) [Addresses 00E 116, 00E216]

B Name Functions Afterreset | R W

0 | Vertical display start positions 128 steps (0016 to 7F16) Indeterminate | R E w
to | (Cv1l:CV10to CV16) '
6 | (cv2:Cv20to CV26) ;

7 | Nothing is assigned. This bit is a write disable bit. 0 R E_
When this bit is read out, the value is “0.” !

,,,,,,,,,,,,,,,,,,,,,,

Fig. 2.11.6 Vertical position register n (addresses O0E1 16 and O0E21s)

The horizontal direction is common to both blocks, and can specify 64-step display positions (4 Tc per step,
Tc: oscillation cycle for display) by setting values “0016” to “3F16” to bits 0 to 5 of the horizontal position
register (address OOEOQ:s).

Figure 2.11.7 shows the horizontal position register.

Horizontal Position Register

b7 b6 b5 b4 b3 b2 bl b0
| I | | | | | | | Horizontal position register (HR) [Address O0EOQzs]

B Name Functions After reset | R W

| O [Horizontal display start 64 steps (0016 to 3F16) 0 R'W
t5° positions (HRO to HR5) :

6, 7 | Nothing is assigned. These bits are write disable bits. 0 Ri+—
When thses bits are read out, the values are “0.” '

Fig. 2.11.7 Horizontal position register (address O0OEOQ  1s)
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2.11.2 Character size

The size of characters to be displayed can select from 3 sizes for each block. Set a character size by the
character size register (address 00E41s).

The character size in block 1 can be specified by bits 0 and 1 of the character size register; the character
size in block 2 can be specified by bits 2 and 3. Figure 2.11.8 shows the character size register.

Character Size Reqister

b7 b6 b5 b4 b3 b2 bl b0
| I I I | | | | | Character size register (CS) [Address 00E4 16]

! 3 P 3 bl B Name Functions Afterreset | R W
1 4+ & 1 1 1 100, 1]Character size of block 1 |00 : Minimum size Indeterminate| R EW
| 3 b 3 e selection bits 01 : Medium size :
I (Cs10, Cs11) 10 : Large size !
A 11 : Do not set. '
. 2,3 | Character size of block 2 00 : Minimum size Indeterminate| R + W
[ selection bits 01 : Medium size H
[ (CS20,CS21) 10 : Large size .
Lo 11 : Do not set. .
o t4 Nothing is assigned. These bits are write disable bits. 0 Ri—
? When these bits are read out, the values are “0.” .

Fig. 2.11.8 Character size register (address 00E4 1)

The character size can select three sizes: minimum
size, medium size, and large size. Each character . )
size is determined with the number of scanning lines E Minimum size
in the height (vertical) direction and the oscillation
cycle for display (= Tc) in the width (horizontal) Medium size
direction. Display start

. . . . . position T ™
The minimum size consists of [1 scanning line] O [1
Tc]; the medium size consists of [2 scanning lines]
0 [2 Tc]; and the large size consists of [3 scanning Large size
lines] O [3 Tc]. Table 2.11.2 shows the relationship
between the set values in the character size register
and the character sizes.

Fig. 2.11.9 Display start position (horizontal
direction) for each character size

Table 2.11.2 Relationship between set value in character siz e register and character sizes

Set values in character size register ) Width (horizontal) direction Height (vertical) direction
Character size I . . .
Csnil CSn0 Tc: oscillation cycle for display scanning lines
0 0 Minimum 1 Tc 1 line
0 1 Medium 2 Tc 2 lines
1 0 Large 3 Tc 3 lines
1 1 This is not available.

Note: The display start position in the horizontal direction is not affected by the character size. In other
words, the horizontal display start position is common to all blocks even when the character size
varies with each block (refer to “Figure 2.11.9” ).
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2.11.3 Memory for display

There are 2 types of display memory: CRT display ROM (addresses 100001 to 11FFFi6) used to store
(masked) character dot data and CRT display RAM (addresses 060015 to 06B71s) used to specify the colors
and characters to be displayed. Each type of display memory is described below.

(1) CRT display ROM (addresses 10000 16 to 11FFF 1)

CRT display ROM stores dot pattern data for characters to be displayed. When actually displaying
characters stored in this ROM, it is necessary to specify them by writing the character code inherent
to each character (code determined based on the addresses in CRT display ROM) into CRT display
RAM.

CRT display ROM has a capacity of 8 K bytes. Since 32 bytes are required for 1 character data, the
ROM can stores up to 256 kinds of characters.

CRT display ROM is broadly divided into 2 areas. The [vertical 16 dots] O [horizontal (left side) 8
dots] data of display characters are stored in addresses 1000016 to 107FF1s and 1100016 to 117FFs;
the [vertical 16 dots] O [horizontal (right side) 4 dots] data of display characters are stored in
addresses 1080016 to 10FFF16, 1180016 to 11FFFi6 (refer to “Figure 2.11.10” ). Note however that the
high-order 4 bits of the data to be written to addresses 108001 to 10FFFis and 1180016 to 11FFF1s
must be set to “1” (by writing data FXus).

L]

o
J
o
o
o
J
o
w
o
o

10XX016
or
11XX016

10XX016
+80016
or
11XX016
+80016

N

Oo|Oo|0o|0O|0O|0O|0O|0O|O|O|O|O|O|O|O|O

o|o|lr|P|kr|O/lO|jO|O|O|O|O|O|O|O|OC

o|o|lo|o|o|r|r|kr|lO|O|O|O|O|O|O|OC

o|o|lo|o|o|r|Oo|Oo|O|O|O|r |k |(O|O|OC

O|O|0|0O|0O|k |k |P|IO|0O|O|O|O|O|O|O

O|Oo(R|P|FPIO0O|0O|0O|O|O|O|O|O|O|O

o|Oo|0o|0O|0|0O|0O|0O|O|O|O|O|O|O|O|O
Oo|Oo|0O|0O|0O|0O|0O|0O|0O|O|O|O|O|O|O|O

o|o|o|o|o|r|Oo|Oo|r|kr|kr|Oo|jO|O|O|OC
o|o|o|o|o|r|Oo|o|Oo|O|o|Oo|O|r |k |O
o|o|o|o|o|r|Oo|o|Oo|Oo|Oo|r |k |O|O|C
o|lo|o|o|o|r|o|o|kP|P|[kr|lOojO|lO|O|O

AT

AR
RN

10XXF16 10XXF16

or +80016
11XXF16 or

11XXF1e

+80016

Fig. 2.11.10 Example of display character data storing form
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The character code used to specify a display character is determined based on the address in the
CRT display ROM in which that character data is stored.

Assume that 1 character data is stored in addresses 10XX01 to 10XXF1s (XX denotes “0016” to “7F16”")
and 10YYO0ws to 10YYFs (YY denotes “XX + 80016"), then the character code is “XX1s.”

In other words, a character code is constructed with the low-order second and third digits (hexadecimal
notation) of the 5-digit address (100001s to 107FFis) where that character data is stored.

A character code is “YY” in addresses 1100016 to 11FFFus.

Table 2.11.3 shows the character code table.

Table 2.11.3 Character code table (be omitted partly )

Character code . Character data stored addrejss '

Left side 8 dots Right 4 side 8 dots
0016 1000016 to 1000F16 1080016 to 1080F16
0116 1001016 to 1001F16 1081016 to 1081F16
0216 1002016 to 1002F16 1082016 to 1082F16
0316 1003016 to 1003F1e 1083016 to 1083F16
TE1s 107EOQO16 to 107EFs 10FEOQ1s to 10FEFs
7F16 107F016 to 107EF1s 10FFO1s to 10FFFis
8016 1100016 to 1100F16 1180016 to 1180F16
8116 1101016 to 1101F1se 1181016 to 1181F16
FD1s 117D016 to 117DF1s 11FDO01s to 11FDF16
FEis 117EOQO1s to 117EF1s 11FEQs to 11FEFs
FFie 117F016 to 117EF16 11FFO016 to 11FFFis
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(2) CRT display RAM (addresses 0600 15 to 06B7 1)
CRT display RAM is assigned to addresses 06001 to 06B716, and is divided into a display character
code specification part and display color specification part for each block. Table 2.11.4 shows the
contents of CRT display RAM.
For example, to display a character at the first character position (leftmost) in block 1, it is necessary
to write the character code in address 060016 and the color register No. to the low-order 2 bits (bits
0 and 1) at address 06801s. The color register No. to be written here is one of the 4 color registers
in which display color is set in advance. For details on color registers, refer to “2.11.4 Color registers.”

Table 2.11.4 Contents of CRT display RAM

Block number |Display position (from left side) | Character code specifying Color specifying
1st character 060016 068016
2nd character 060116 068116
3rd character 060216 068216
Block 1 : : :
22nd character 061516 069516
23rd character 061616 069616
24th character 061716 069716
061816 069815
Not used to :
061F16 069F 16
1st character 062016 06A016
2nd character 062116 06A1l1s
3rd character 062216 06A216
Block 2 : : :
22nd character 063516 06B5:16
23rd character 063616 06B6:16
24th character 063716 06B716
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Figure 2.11.11 shows the structure of CRT display RAM.

Block 1
[Character specification] 7 0
1st character : 060016
to
24th character : 061716
Character code
Specify 256 characters (“0016” to “FF16")
[Color specification]
10
1st character : 068016
to
24th character : 0697 16
Color register specification
0 0 : Specifying color register 0
0 1 : Specifying color register 1
1 0 : Specifying color register 2
11 : Specifying color register 3
Block 2
[Character specification] 7 0
1st character : 062016
to
24th character : 063716
Character code
Specify 256 characters (“0016” to “FF16")
[Color specification]
10

1st character : 06A016 |—|—|
to

24th character : 06B7 16

Color register specification
0 0 : Specifying color register 0
0 1 : Specifying color register 1
1 0 : Specifying color register 2
11 : Specifying color register 3

Fig. 2.11.11 Structure of CRT display RAM
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2.11.4 Color registers

A display character color can be specified by setting a color to one of 4 color registers (COO0 to CO3:
addresses 00E61s to 00E916) and then by specifying the color register with the CRT display RAM.
There are 3 color outputs: R, G, and B. By a combination of these outputs, it is possible to set 2°— 1 (no
output) = 7 colors. However, since color registers are only 4, up to 4 colors can be displayed at one time.
R, G, and B outputs are set by bits 1 to 3 of the color register. Bit 5 is used to specify either a character
output or blank output. Figure 2.11.12 shows the color register.

Either character output or blank output is selected as the OUTL1 pin output. Whether blank output or not
is selected as the OUT2 pin output.

Color Register n

b7 b6 b5 b4 b3 b2 bl b0
| | | I I | I I:l Color register n (COO0 to CO3) (n = 0 to 3) [Addresses 00E616 to 00E916]

3 3 3 3 3 3 3 3 B Name Functions After reset | R EW

'\ 1 1 1 1 1 1] 0 |Nothing is assigned. This bit is a write disable bit. 0 —

Poro When this bit is read out, the value is “0.” !

. © 1 1 1 1 1| 1 |Bsignal output 0 : No character is output 0 RIW

[ selection bit (CONn1) 1: Character is output .

3 3 3 3 3 3 2 | G signal output 0 : No character is output 0 R EW

oo T selection bit (CON2) 1: Character is output ;

A 3 | R signal output 0 : No character is output 0 RIW

oo selection bit (CONn3) 1: Character is output '

A 4 | B signal output (background) |0 : No background color is output 0 RIW

Lo selection bit (COn4) 1: Background color is output  (geg pote 1) :

3 3 :L 777777777777777 5 | OUT1 signal output 0 : Character is output 0 RIW

- control bit (COn5) 1: Blank is output (See notes 1, 2) H

| 1 777777777777777777 6 | G signal output (background) |0 : No background color is output 0 R EW

| selection bit (COn6) 1 : Background color is output '

] 7 | Rsignal output (background) [0 : No background color is output 0 RIwW
selection bit (COn7) 1 : Background color is output  (See note 2) ,

Notes 1: When bit 5 = “0” and bit 4 = “1,” there is output same as a character or border output

from the OUT1 pin.

Do not set bit 5 = “0” and bit 4 =“0.”
2: When only bit 7 = “1” and bit 5 = “0,” there is output from the OUT2 pin.

Fig. 2.11.12 Color register n (addresses 00E6

16 t0 O0E9 16)
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Table 2.11.5 Display example of character background coloring (when green is set for a character
and blue is set for background color)

Border selection register Color register
G output B output OUT1 output Character output OUT2 output
MDo |COn7|CONe|CON5/CON4/CON3|CON2|CON1
No output
0 0 1 0 1 0 No output (Note 2)
(Note 1)
Same output as| Video signal and character
character A color (green) are not mixed.
01D01010ANooutputA
Same output as| Video signal and character
character A color (green) are not mixed. Blank output
Green
- -2
- e No output
1 1 No output - o5
0 0 0 0 0 0 > (Note 2)
Blank output | TV image of character
ank outpu background is not displayed.
- Green
- - >
Blue | |z No output
0 0 0 1 1 0 1 0 ~] > (Note 2)
Background | Blank output TV image of_charac'ger
color background is not displayed.
No output
1 0 1 0 1 0 No output (Note 2)
Border output | Video signal and character
(Black) color (green) are not mixed.
No output
1]olol1lolol1]o A No output (Note )
Blank output TV image of character
background is not displayed.
S No output
1 0 0 1 1 0 1 0 (Note 2)
Background Blank output | TV image of character
color — border background is not displayed.

Do not set COns = “0” and COn4 = “0.”
2 : When only COn7 =“1" and COns = “0,” there is output from the OUT2 pin.
3 : The portion “A” in which character dots are displayed is not mixed with any TV video signal.
4 : The wavy-lined arrows in the Table denote video signals.
5

:n:0to3, O:0o0r1

: When COns = “0” and COn4 = “1,” there is output same as a character or border output from the OUT1 pin.
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2.11.5 Multi-line display

The M37221M6-XXXSP/FP can ordinarily display 2 lines on the CRT screen by displaying 2 blocks at
different vertical positions. In addition, it can display up to 16 lines by using a CRT interrupt.

A CRT interrupt request occurs at which display of each block has been completed. In other words,
character display of a certain block starts when a scanning line reaches the display position (specified by
vertical position registers) for that block, and an interrupt occurs when the scanning line exceeds the block.
For multi-line display, it is necessary to enable the CRT interrupt (by clearing the interrupt disable flag to
“0” and setting the CRT interrupt enable bit = bit 4 at address 00FEis to “1").

In a CRT interrupt processing routine, the character data and vertical position of the block of which display
has been completed (the display as CRT interrupt cause is completed) is then replaced with the character
data (contents of CRT display RAM) and display position (contents of vertical position register) for next
display.

Notes 1: Set the second and later block 1 display start positions of block 1 to be lower than display position
of the last block 2.

2: The CRT interrupt request does not occur at the end of display when the block is not displayed.

In other words, if a block is set to off display with the display control bit of the CRT control

register (at address 00EAus), a CRT interrupt request does not occurs (refer to “Figure 2.11.14" ).

4 ) 4 )
Block 1 - Block 1 (on display)
>
Block 2
- Block 2 (on display)
>
Block 1’ \ /
> On display (CRT interrupt request
Block 2 occurs at the end of block display)
- / e N
—® CRT interrupt request e ;
Block 1 (off display)
Fig. 2.11.13 Generation timing of CRT interrupt | | . I .
request T :
Block 2 (off display)
:. .................................................. :__>

- J

Off display (CRT interrupt request does
not occur at the end of block display)

— CRT interrupt request

Fig. 2.11.14 Display state of blocks and occurrence
of CRT interrupt request
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2.11.6 Character border function

An border of 1 clock (1 dot) equivalent size can be
added to a display character in both horizontal and
vertical directions. The border is output from pin
OUT 1. In this case, set bit 5 of a color register to

“0” (character is output).

Border can be specified each block by the border
selection register (address 00E5i6). Table 2.11.6
shows the relationship between the set values of
the border selection register and the character border
function. Figure 2.11.16 shows the border selection

register.

Table 2.11.6 Relationship between set value of border selection register and character border function

B Character

data dots

[] Border dots

[

L]

Fig. 2.11.15 Border example

Border selection register Functi E le of
MDNO unctions xample of output
R, G, B output
0 Ordinary —
OUT1 output
Border including R, G, B output
1 character
OUT1 output

Border Selection Reqister

b7 b6 b5 b4 b3 b2 bl b0

| | | | |_| I:l | Border selection register (MD) [Address 00E5z6]

B Name Functions After reset

0 |Block 1 OUT1 output 0: Same output as character output | Indeterminate | R EW
border selection bit (MD10) | 1: Border output !

1 | Nothing is assigned. This bit is a write disable bits. 0 Ri—
When this bit is read out, the value is “0.” :

2 | Block 1 OUT1 output 0: Same output as character output | Indeterminate | R } W
border selection bit (MD20)| 1 : Border output :

t3 Nothing is assigned. These bits are write disable bits. 0 R E—

? When these bits are read out, the values are “0.” !

Fig. 2.11.16 Border selection register (address 00E5

16)
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2.11.7 CRT output pin control

CRT display output pins R, G, B, and OUT1 are also used for ports P5.—P5s respectively. When clearing
the corresponding bits of the port P5 direction register (address 00CBis) to “0,” the pins are set for CRT
output pins, when setting to “1,” the pins are set for general-purpose port P5. Pin PUT2 is also used for
port P1o. When clearing bit 7 of the CRT control register (address 00EAss) to “0,” the pin is set for port Plo,
when setting to “1,” the pin is set for pin OUT2.

Immediately after reset release, because the port P5 direction register is reset, they become CRT output
pins R, G, B, and OUT.

Bits 0 to 4 of the CRT port control register (address 00ECis) can determine Hsvnc and Vsvne input polarity
and R, G, B, OUTL1, and OUT2 output polarity. When clearing corresponding bits to “0,” positive polarity
is selected, when setting to “1,” negative polarity is selected.

Figure 2.11.17 shows the CRT port control.

CRT Port Control Register

b7 b6 b5 b4 b3 b2 bl b0
| I | I | | | | | CRT port control register (CRTP) [Address O0EC16]

3 3 3 3 3 3 3 3 B Name Functions After reset | R W

P00 1 0 1 11| o | Hsvyne input polarity 0 : Positive polarity 0 R EW

3 3 3 3 3 3 3 switch bit (HSYC) 1 : Negative polarity :

oo 0 | 1) Vsyne input polarity 0 : Positive polarity 0 RIW

R switch bit (VSYC) 1 : Negative polarity .

3 3 3 3 3 i 7777777 2 | R, G, B output polarity 0 : Positive polarity 0 R W

[ switch bit (R/G/B) 1 : Negative polarity !

3 3 3 3 1 7777777777 3 | OUT2 output polarity 0 : Positive polarity 0 R EW

oo switch bit (OUT2) 1 : Negative polarity '

A 4 | OUT1 output polarity 0 : Positive polarity 0 RIW

A switch bit (OUT1) 1 : Negative polarity .

3 3 3 7777777777777777 5 | R signal output switch bit |0 : R signal output 0 R EW

Lo (OP5) 1: MUTE signal output :

3 ] 6 | G signal output switch bit |0 : G signal output 0 R EW

! (OP®6) 1: MUTE signal output '

] 7 | B signal output switch bit [0 : B signal output 0 RIW
(OP7) 1: MUTE signal output :

Fig. 2.11.17 CRT port control register (address 00EC 1)
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2.11.8 Raster coloring function

R, G, B, and OUTL1 output can be switched to MUTE output. MUTE output can color all displaying area
(raster) of screen.

For example, the case that pin B is specified for MUTE signal output is shown in Figure 2.11.18.

When the MUTE signal is output from pin B, the background of the entire screen is colored “BLUE.” Then,
a character data is output from pin R, for example. When B and R signal outputs are set to “character is
output” by the color register at the character “I” output, the output character is colored “YELLOW” (“RED”
mixed “BLUE") regardless of the OUT1 signal output.

When outputting the character “O,” the output character is colored only “RED” that is not mixed “BLUE”
by setting only R signal output to “character is output.” However, in this case, set pin OUT1 to “blank is
output.”

The TV image can be also erase by setting the all R, G, and B pins to MUTE output. The MUTE signal
is output from pin OUT1 output, regardless of setting CRT display RAM for pin OUTL.

Whether ordinary video signal outputs or MUTE signal outputs from pins R, G, and B is controlled by bits
5 to 7 of the CRT port control register (refer to “Figure 2.11.17").

“RED”
% “BLUE”

A A
e | - —
R u |_|—|_| |_| . ii_%\rl]als across
B :
ouT 1 L] L )

Fig. 2.11.18 MUTE signal output example
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2.11.9 Clock for display

As a clock for display to be used for CRT display, it is possible to select one of the following 4 types.
e Main clock supplied from the X pin

e Main clock supplied from the X pin divided by 1.5

e Clock from the LC or RC supplied from the pins OSC1 and OSC2.

e Clock from the ceramic resonator or quartz-crystal oscillator supplied from the pins OSC1 and OSC2.
This clock for display can be selected by the CRT clock selection register (address 00ED1s). When selecting
the main clock, set the oscillation frequency to 8 MHz.

CRT Clock Selection Reqister
b7 b6 b5 b4 b3 b2 bl b0

| 0 | 0 | 0 | 0 | 0 | 0 | I | CRT clock selection register (CK) [Address 00ED16]
3 3 B Name Functions After reset | R EW
i 1|0, 1[CRT clock b1| b0 Functions 0 Riw
-t selection bits | 1 | 0 | The clock for display is supplied by connecting RC
(CKO0,CK1) or LC across the pins OSC1 and OSC2.

Lo 0 | 1 |Since the main clock is used as the clock for | CRT oscillation
3 3 display, the oscillation frequency is limited. | frequency

P Because of this, the character size in width | = f(Xi)

Lo (horizontal) direction is also limited. In this

1| O |case, pins 0SC1 and 0SC2 are also used | CRT oscillation

as input ports P33 and P34 respectively. frequency :
=f(Xin)/1.5 '

1| 1 [The clock for display is supplied by connecting the

following across the pins OSC1 and OSC2.

« a ceramic resonator only for CRT display and a feedback resistor

« a quartz-crystal oscillator only for CRT display and a feedback
resistor (Note)

2
————————— ERRERREEEEEEE I
7

Fix these bits to “0.” 0 R

Note: It is necessary to connect other ceramic resonator or quartz-crystal oscillator across the pins Xin and Xour.

Fig. 2.11.19 CRT clock selection register
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2.12 ROM correction function

Only the M37221M8-XXXSP and the M37221MA-XXXSP have this function.
This can correct ROM program data in ROM. Up to 2 addresses (2 blocks) can be corrected, a program for
correction is stored in the ROM correction memory in RAM. The ROM memory for correction is 32 bytes O
2 blocks.

Block 1 : addresses 02C01s to 02DF1s

Block 2 : addresses 02EOQi6 to 02FFus
Set an address of the ROM data to be corrected into the ROM correction address register. When the value
of the counter matches the ROM data address in the ROM correction address, the main program branches
to the correction program stored in the ROM correction memory. To return from the correction program to
the main program, the op code and operand of the JMP instruction (total of 3 bytes) are necessary at the
end of the correction program. When the blocks 1 and 2 are used in series, the above instruction is not
needed at the end of the block 1.
The ROM correction function is controlled by the ROM correction enable register.

Notes 1 : Specify the first address (op code address) of each instruction as the ROM correction address.
2 : Use the JMP instruction (total of 3 bytes) to return from
the correction program to the main program.
3 : Do not set the same address to ROM correction addresses 1 and 2 (addresses to 021716 to
021Az16).

ROM correction address 1 (high-order) | 021716

ROM correction address 1 (low-order) | 021816

ROM correction address 2 (high-order) | 021916

ROM correction address 2 (low-order) | 021A16

Fig. 2.12.1 ROM correction address registers

ROM Correction Enable Register

b7 b6 b5 b4 b3 b2 bl b0

| | | | | 0 | 0 | | | ROM correction enable register (RCR) [Address 021216]

P | B Name Functions After reset| R W
1 1+ 1 1 1 1 Ll 0o |Block 1 enable bit (RCRO) 0: Disabled 0 R'W
A 1: Enabled :
P10 1 1 o171 | Block 2 enable bit (RCR1) | 0: Disabled o |r'w
o 1: Enabled !
T T 2, 3 | Fix these bits to “0.” 0 R
Lo 4 [Nothing is assigned. These bits are write disable bits. When 0 RI—|
L to [these bits are read out, the values are “0.” :

7 '

Fig. 2.12.2 ROM correction enable register
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2.13 Software runaway detect function

The M37221M6-XXXSP/FP has a function to decode undefined instructions to detect a software runaway.

When an undefined op-code is input to the CPU as an instruction code during operation of the M37221M6-

XXXSP/FP, the following processing is done.

0 The CPU generates an undefined instruction decoding signal.

O The device is internally reset because of occurrence of the undefined instruction decoding signal.

O As a result of internal reset, the same reset processing as in the case of ordinary reset operation is done,
and the program restarts from the reset vector.

Note, however, that the software runaway detecting function cannot be invalid.

SYNC

Address < PC >< ? 01,S >< Ol,S—l>< Ol,S—2><FFFE16>< FFFF16>< AADSI’_ <
s YN X v X ra X oo X oo X on X

V B Reset sequence >
Undefined instruction decoding signal occurs. v . — .
Internal reset signal ocours. 1] : Undefined instruction decode
?  lnvalid

PC : Program counter
S : Stack pointer
ADL, ADH : Jump destination address of reset

Fig. 2.13.1 Sequence at detecting software runaway detection
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2.14 Low-power dissipation mode
The M37221M6-XXXSP/FP has 2 low-power dissipation modes: the stop mode and the wait mode.

2.14.1 Stop mode

The M37221M6-XXXSP/FP allows the oscillation of Xin to be stopped with keeping all states of registers

except timers 3 and 4, input/output ports, and internal RAM. Therefore, the M37221M6-XXXSP/FP can be

restarted with the same state where oscillation was stopped, and as a result, the power dissipation can be

greatly reduced.

To stop oscillating in such a way, execute the STP instruction. The stop mode is set by executing the STP

instruction. In this mode, the address to fetch the instruction next to the STP instruction is output to the

address bus, and the oscillation stops with HIGH state of the internal clock ¢. At this time, the timer 3

overflow signal is further connected to timer 4. Value “FFi¢” is automatically set to timer 3; value “0716” is

automatically set to timer 4.

Immediately before executing the STP instruction, process the following sequence:

O Store registers (accumulator, index registers, etc.) in the CPU to internal RAM.

O Disable timers 3 and 4 interrupts (TM3E = TM4E = “0").

O Clear timers 3 and 4 count stop bits to “0” (T34M2 = T34M3 = “0").

O When an interrupt is used for return from the stop mode, enable that interrupt (by clearing the interrupt
disable flag to “0” and setting the interrupt enable bit to “1").

O Set bit 0 of the timer 34 mode register (address 00F516) to “0” (TM34MO0="0") to select f(Xn)/16 as the
timer 3 count source.

Oscillation is restarted (return from the stop mode) by accepting reset input or interrupt request of INT1,
INT2 or INT3. When the interrupt request is accepted, the interrupt processing routine is executed. Note,
however, that the internal clock @is not supplied to the CPU until timer 4 overflows after the interrupt
request is accepted. This is because a finite time is required for stabilizing of oscillation when an external
guartz-crystal oscillator, etc. is used.

When the internal clock ¢is supplied to the CPU, the CPU executes the interrupt routine. At this time, the
address for the first byte of the instruction next to the STP instruction is pushed to the stack as a return
address. Also note that the timers 3 and 4 interrupt request bits are remained setting to “1.” Therefore,
clear each bit to “0” in the interrupt routine. Enable one of the INT1, INT2 and INT3 interrupts to use
interrupts for restarting oscillation before the executing STP instruction (described in [0 above).

Table 2.14.1 State in stop mode

Item State in stop mode
Oscillation Stops
CPU Stops
Internal clock ¢ Stops at HIGH level
I/O ports State where STP instruction is executed is held.
Timer, CRT display functions Stops
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Time to hold internal reset state =
approximately 32768 cycles of XIN
input

Stop mode Oscillation stabilizing time
e e

vee ; s a :
3 2 s or more 3
: P :
RESET ’ ‘

(Note)

‘v
Execute STP instruction Returned by reset input

Fig. 2.14.1 Oscillation stabilizing time at return by reset input

IWhen returning from stop mode by using INT1 interrupt (rising edge selected)

Stop mode Oscillation stabilizing time
P (approxmately 32768 (;ycles)
X VW mer WU
(System clock) XIN; HIGH JUUWUUUUUUWUUUUUW\W
XCIN in high-impedance state

INTZ pin 4

“FF16" < 2048 counts -
Timer 3 :
counter i ;

Timer 4 l:' 0716 i 3

counter : j L

INT1 interrupt g i ‘

request bit 5 + |

. . Oper- : 1 1

Peripheral device ating Stopping | Operating
Oper-— : ‘
CpPy ating | Stopping | Operating
A A A
*Execute STP  «INT1 interrupt +2048 counts down by timer 3
instruction signal is input *Supplying internal clock ¢
(INTZ1 interrupt to CPU is started

request occurs) <INT1 interrupt request is accepted
*Oscillation starts
*Timer 3 count starts

Fig. 2.14.2 Execution sequence example at return by occurrence of INTO interrupt request
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2.14.2 Wait mode

The wait mode is set by executing the WIT instruction.

In the wait mode, only the internal clock ¢ stops with supplying f(Xin) continuously.

In this case, there is no need to create a wait time by timers as in the case of return from the stop mode,
and operation is restarted immediately after return from the wait state.

When reset input or interrupt is accepted, supply of the internal clock ¢ is immediately started, and the
device is returned from the wait state. Because the clock f(Xi) is continuously supplied in the wait state,
return by an internal interrupt as a timer, etc. can also be used.

Table 2.14.2 State in wait mode

Item State in wait mode
Oscillation Operating
CPU Stop
Internal clock ¢ Stop at HIGH level
I/O ports State where WIT instruction is executed is held.
Timer, CRT display functions Operating

Time to hold internal reset state =
approximately 32768 cycles of XIN
input

Wait mode Oscnlgtlon stablllzmg time

- » -~
1 ! 1 1

3 12 [s or more 3
' P

RESET — 3

V (Note) v
Execute WIT instruction Returned by reset input

Fig. 2.14.3 Reset input time

2.14.3 Interrupts in low-power dissipation mode

The following 4 kinds of interrupts are invalid in the wait mode. Therefore, 4 interrupts below cannot be
used to return from the wait mode to the ordinary mode.

Table 2.14.3 Invalid interrupts in the wait mode

Interrupt source Condition Reason
Vswnc interrupt
CRT interrupt — The interrupt request bit cannot be set.
Timer 2 interrupt  [Count source is input from pin P24/TIM2. The count source cannot be supplied.
Timer 3 interrupt  [Count source is input from pin P23/TIM3. The count source cannot be supplied.

The following 2 kinds of interrupts can be used to return from the stop mode to the ordinary mode.
O INT1 interrupt

O INT2 interrupt

O INT3 interrupt

Figure 2.14.4 shows a transitions of low-power dissipation mode.
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Wait mode
8 MHz oscillating

@ is stopped B
Timer operating A——»> p=4MHz 7

(Note 1) (Note 2)

Ordinary mode
8 MHz oscillating

Stop mode
8 MHz stopped

@is stopped

*at f(Xim) =8 MHz

Notes 1: The following interrupts are invalid in the wait mode.
(1) Vsvync interrupt
(2) CRT interrupt
(3) Timer 2 interrupt that count source is supplied from pin P24/TIM2.
(4) Timer 3 interrupt that count source is supplied from pin P23/TIM3.

Fig. 2.14.4 State transitions of low-power dissipation mode
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2.15 Reset

To reset the microcomputer, applied LOW level to pin RESET for 2 us or more. Reset is released when

HIGH level is applied to pin RESET, and the program starts from the address indicated with the reset vector
table.

2.15.1 Reset operation

If pin RESET is returned to an HIGH level after being held LOW for 2 us or more when the power source
voltage is within the recommended range (4.5 V to 5.5 V), timers 3 and 4 are connected by hardware with
internally reset state (internal timing signal ¢ is not supplied).

At this time, “FFi6” is set to timer 3, and “0716” is set to timer 4. Timer 3 counts down f(Xin)/16 as its count
source; timer 4 counts down the timer 3 overflow signal (even when the device is in internally reset state,
f(Xin) is continuously supplied to timer 3).

The internal reset is released by timer 4 overflow, and the program is started from an address determined
with the contents of address FFFFis (as high-order address) and contents of address FFFEis (as low-order
address). Figure 2.15.1 shows this sequence.

JU7 UL

Internal
reset

SYNC

ADH, ><
Address < ? >< ? >< 01,S >< 01,S-1 >< 01,S-2 >< FFFE16 >< FFFF16 >< ADL
Data >< ? ? >< PCH >< PCL >< PS >< ADL >< ADH ><

32,768 counts of f(Xin) by
timers 3 and 4

Notes 1: f(XIN) and f(¢) are in the relation : f(XIN) = 2¢f(¢).
2: A question mark (?) indicates an undefined state that depends on the previous state.
3: Immediately after a reset, timer 3 and timer 4 are connected by hardware. At this time, “FF16”
is set in timer 3 and “0716” is set to timer 4. Timer 3 counts down with f(XIN)/16, and reset
state is released by the timer 4 overflow signal.

Fig. 2.15.1 Timing diagram at reset
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2.15 Reset

2.15.2 Internal state immediately after reset
Figures 2.15.2 to 2.15.4 show the internal state immediately after reset.

m SFR Area (addresses C0i16 to DF1s)

Address

CO1s6
Clis
C216
C31s6
C4ie
Cb516
C61e
C716
C816
C916
CA1s6
CB1s
CCuise
CDa1s
CEz1s
CFie
DO1s
D116
D216
D316
D416
D516
D616
D716
D816
D916
DAu16
DBuis
DCise
DD1ie
DEuie
DFie

Register

Port PO (PO)
Port PO direction register (DO)
Port P1 (P1)
Port P1 direction register (D1)
Port P2 (P2)
Port P2 direction register (D2)
Port P3 (P3)
Port P3 direction register (D3)

Port P5 (P5)
Port P5 direction register (D5)

Port P3 output mode control register (P3S)
DA-H register (DA-H)

DA-L register (DA-L)

PWMO register (PWMO0)

PWML1 register (PWM1)

PWM2 register (PWM2)

PWM3 register (PWM3)

PWM4 register (PWM4)

PWM output control register 1 (PW)
PWM output control register 2 (PN)
12 C data shift register (S0)

12 C address register (SOD)

I2 C status register (S1)

I2 C control register (S1D)

I2 C clock control register (S2)
Serial I/O mode register (SM)
Serial I/O register (SI10)

<State immediately after reset >

[0]: “0” immediately after reset
- “1” immediately after reset

- Indeterminate immediately
after reset

State immediately after reset
b7 bo

5

0016

?

0016

s

0016

ololo[2[2]2]2]~2

0016

?

s

0]0]2]21212121>

0016

b

0016

s

olof2]2]2]2]2]~

?

N [N

0016

0016

0016

ololofl1]ofo]o]~

0016

0016

0016

0016

0016

Fig. 2.15.2 Internal state immediately after reset (1)
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2.15 Reset
m SFR Area (addresses EO16 to FFu6)
<State immediately after reset >
@ : “0” immediately after reset
: “1” immediately after reset
. Indeterminate immediately
after reset
Address Register State immediately after res%t0
EOQ1s Horizontal position register (HR) 0016
Elie Vertical position register 1 (CV1) Of[2[22|2|2]12]|~?
E216 Vertical position register 2 (CV2) Ol 222122 2]|2
E316 ?
E416 Character size register (CS) O(0jO0|Of2]|?2|?2|?<2
E516 Border selection register (MD) O(0jO0O|JOfO0O]|?2]|0{|?<
E616 Color register 0 (COO0) 0016
E716 Color register 1 (CO1) 0016
E816 Color register 2 (CO2) 0016
E916 Color register 3 (CO3) 0016
EA1es CRT control register (CC) 0016
EB16 ?
ECz16 CRT port control register (CRTP) 0016
ED16 CRT clock selection register (CK) 0016
EE1s A-D control register 1 (AD1) 0 | 0 | 0 | 2 | 0 | 0 | 0 | 0
EF16 A-D control register 2 (AD2) 0016
FOis Timer 1 (TM1) FF1s
Flis Timer 2 (TM2) 0716
F216 Timer 3 (TM3) FFis
F316 Timer 4 (TM4) 0716
F416 Timer 12 mode register (T12M) 0016
F516 Timer 34 mode register (T34M) 0016
F616 PWMS5 register (PWM5) ?
F71e ?
F816 ?
F916 Interrupt input polarity register (RE) 0 | 0 | 0 | 0 | 0 | 0 | 0 | ?
FA16 0016
FB1s CPU mode register (CPUM) ? | ? | 1 | 1 | 1 | 1 | 0 | 0
FC1e6 Interrupt request register 1 (IREQ1) 0016
FDa16 Interrupt request register 2 (IREQ2) 0016
FE16 Interrupt control register 1 (ICON1) 0016
FF16 Interrupt control register 2 (ICON2) 0016
Fig. 2.15.3 Internal state immediately after reset (2)
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2.15 Reset

m 2 Page Register Area (addresses 21716 to 21B1s)
<State immediately after reset >
[0]:“0" immediately after reset
: “1” immediately after reset

: Indeterminate immediately

after reset
Address Register State immediately after resek}
b7 0
21716 ROM correction address 1 (high-order) ?
21816 ROM correction address 1 (low-order) ?
21916 ROM correction address 2 (high-order) ?
21A16 ROM correction address 2 (low-order) ?
21B16 ROM correction enable register (RCR) 0016

Fig. 2.15.4 Internal state immediately after reset (3) (only M37221M8-XXXSP and M37221MA-XXXSP)
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FUNCTIONAL DESCRIPTION

2.15 Reset

2.15.3 Notes for poweron reset

When poweron reset, set the external reset circuit
so that the reset input voltage must be kept 0.6 V
or less until the power source voltage reaches
4.5 V after the power is turned on.

Set the external reset circuit so that the reset input
voltage must be kept 0.6 V or less when the power
source voltage falls 4.5 V after the power is turned
off.

Figures 2.15.5 to 2.15.7 show examples of external
reset circuit.

M37221M6-
XXXSP/FP

RESET Vcc

&G

i

/ 45V
0V—

Power source
voltage
/4

Reset input
voltage

06V
ov—+"|

Poweron

Fig. 2.15.5 Voltage at poweron reset

?

Vce

RESET M37221M6-
Hz>- XXXSP/FP

IR

RESET

i

Q

Vce

E M37221M6-
XXXSP/FP
Vss

h

Fig. 2.15.6 Example of reset circuit (1)

Fig. 2.15.7 Example of reset circuit (2)
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2.16 Clock generating circuit

2.16 Clock generating circuit

Oscillation circuit consists of an “oscillation gate” which operates as an amplifier to provide the gain required
for oscillation and an “oscillating control flip-flop” to control this. Because of that, it is possible to start and
stop oscillating as required. For details concerning start and stop of oscillation, refer to “2.14 Low-power
dissipation mode.” Figure 2.16.1 shows the clock generating circuit block diagram.

Interrupt request 1,

Reset
E SO e
Interrupt disable S Q
flag |
Reset
wt IR R—STP
STP instruction —{R instruction instruction
} Internal clock ¢
—)%—)
Selection gate : 1/2 1/8 D I Timer 3 Timer 4
Connected to black 1
side at reset. T34MO
O O T34M2
XIN Xout

T34M : Timer 34 mode register

Fig. 2.16.1 Clock generating circuit block diagram
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2.17 Oscillation circuit

2.17 Oscillation circuit

The M37221M6-XXXSP/FP has a internal oscillation circuits used to obtain the clocks required for operation.
Ordinarily, the frequency on clock input pin Xin divided by 2 is the internal clock (internal timing output) ¢.
A quartz-crystal oscillator or ceramic resonator can be connected externally to these circuits.

(1) Oscillation circuit using a quartz-crystal oscillator or ceramic resonator
Figure 2.17.1 shows the circuit example using a quartz-crystal oscillator or a ceramic resonator. As
shown in the diagram, oscillation circuit can be constructed by connecting a ceramic resonator (a
guartz-crystal oscillator) between pins Xin and Xour. In this case, set the circuit constants for Cin and
Cout to the values recommended by the resonator manufacturer.

(2) External clock oscillation circuit
Supplying an external clock is possible, Figure 2.17.2 shows the circuit example.

M37221M6-XXXSP/FP M37221M6-XXXSP/FP
XIN XouT XIN_XouT
19 20 19 20 ‘
Open
0

External oscillation circuit

Cll\l ;COUT vee M

Vss

Note: In the stop mode, keep the XIN pin input
signal at an “H” level.

Fig. 2.17.1 Clock oscillation circuit using a ceramic Fig. 2.17.2 External clock input circuit example
resonator

The M37221M6-XXXSP/FP has a CRT display clock
oscillation circuit, so that display clock can be obtained
simply by connecting a inductor and capacitor between
pins OSC1 and OSC2. Figure 2.17.3 shows the circuit

example. M37221M6-XXXSP/FP
Refer to “2.11.9 Clock for display. ” 0SC1 0OSC2

24 23

01; L loz

Fig. 2.17.3 Clock oscillation circuit for CRT display
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ELECTRICAL CHARACTERISTICS

3.1 Electrical characteristics

3.1 Electrical characteristics

Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
Vee Power source voltage Vcc All voltages are -0.3t0 6 Vv
Vi Input voltage CNVss based on Vss. —-0.3to 6 V
Vi Input voltage P0o—P07,P1o—P17, P20~ Output transistors| -0.3 to Vcc + 0.3 \Y
P27, P30—P34, OSC1, X, are cut off.
Hsyne, Vsyne, RESET
Vo Output voltage POs, PO7, P1o—P17, P2o— —-0.3to Vcc + 0.3 Vv
P27, P30—-P32, R, G, B,
OUT1, D-A, Xour, OSC2
Vo Output voltage PO0o—POs -0.3 to 13 V
lon Circuit current R, G, B, OUT1, P1lo.—P1y, 0 to 1 (Note 1) mA
P20-P27, P30, P31, D-A
loLt Circuit current R, G, B, OUT1, PO0s, POy, 0 to 2 (Note 2) mA
Plo, P1s—P17, P20—P2s3,
P30—P32, D-A
loL2 Circuit current  P1:—Pl4 0 to 6 (Note 2) mA
lots Circuit current  P0o—PO0s 0 to 1 (Note 2) mA
loLa Circuit current  P2+-P27 0 to 10 (Note 3) mA
P4 Power dissipation Ta =25 °C 550 mwW
Topr Operating temperature -10 to 70 °C
Tstg Storage temperature —-40 to 125 °C

Notes 1: The total current that flows out of the IC must be 20 mA (max.).
2: The total input current to IC (loL1 + loL2 + loL3) must be 30 mA or less.
3: The total average input current for ports P24—-P27 to IC must be 20 mA or less.
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ELECTRICAL CHARACTERISTICS

3.1 Electrical characteristics

Recommended operating conditions  (Ta=-10 °C to 70 °C, Vcc = 5 V + 10 %, unless otherwise noted)

Symbol Parameter Min. | Typ. | Max. | Unit
Vee Power source voltage (Note 4), During CPU, CRT operation 4.5 5.0 5.5 \%
Vss Power source voltage 0 0 0 \Y
Vi1 HIGH input voltage P0o—P07,P1lo—P17, P20—P27, |0.8Vcc Vee Y,
P30—P34, Sin, Scik, Hsync,
Vsvyne, m, Xin, OSC1,
TIM2, TIM3, INT1, INT2, INT3
Vinz HIGH input voltage SCL1, SCL2, SDA1, SDA2 |0.7Vcc Vee V
(When using 1?°C-BUS)
Vi LOW input voltage P0o—PO07,P10—P17, P20—P27, 0 0.4Vec| V
P30—P34
ViLz LOW input voltage SCL1, SCL2, SDA1, SDA2 0 0.3Vee| V
(When using 12C-BUS)
LOW input voltage Hswne, Vswwe, RESET, TIM2, 0 0.2Vec| V
Vis TIM3, INT1, INT2, INT3, X,
OSC1, S, Scik
lon HIGH average output current (Note 1) R, G, B, OUT1, D-A, 1 mA
P1lo—P17, P20—P27, P30, P31
loLt LOW average output current (Note 2) R, G, B, OUT1, D-A, P0s, PO, 2 mA
Plo, P1s—P17, P20—P27, P30—
P32
loL2 LOW average output current (Note 2) P1:—P1l4 6 mA
loLs LOW average output current (Note 2) P0o—POs 1 mA
loLs LOW average output current (Note 3) P2+—P27 10 mA
f(Xm) Oscillation frequency (for CPU operation) (Note 5) X 7.9 8.0 8.1 |MHz
fcrt Oscillation frequency (for CRT display) (Note 5) 0osc1 5.0 8.0 |MHz
fhst Input frequency TIM2, TIM3 100 | kHz
fhs2 Input frequency Scik 1 MHz
fhss Input frequency SCL1, SCL2 400 | kHz

Notes 1: The total current that flows out of the IC must be 20 mA (max.).

2: The total input current to IC (loL1 + loL2 + loL3) must be 30 mA or less.

3: The total average input current for ports P24—-P27 to IC must be 20 mA or less.

4: Connect 0.1 uF or more capacitor externally across the power source pins Vcc-Vss so as to
reduce power source noise. Also connect 0.1 uF or more capacitor externally across the pins
Vcc-CNVss.

5: Use a quartz-crystal oscillator or a ceramic resonator for the CPU oscillation circuit.
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ELECTRICAL CHARACTERISTICS

3.1 Electrical characteristics

Electric characteristics

(Vec =5V +10 %, Vss =0V, f(Xn) = 8 MHz, Ta = =10 °C to 70 °C, unless otherwise noted)

o Limits .
Symbol Parameter Test conditions Min. | Typ. | Max. Unit
lcc Power source current |System operation |[Vcc = 5.5V, CRT OFF 20 40 | mA
f(Xim) = 8 MHz |CRT ON 30 60
Stop mode Vee = 5.5V, f(Xn) =0 300 | pA
Vo HIGH output voltage R, G, B, OUT1, D-A, |Vcc = 4.5V 2.4 Y,
Plo—P17, P20—P27, lon = =0.5 mA
P30, P31
VoL LOW output voltage R, G, B, OUT1, D-A, [Vcc = 45V 0.4 \%
P0o—PO07, P1lo, lo. = 0.5 mA
P1s—P17, P20—P2s3,
P30—P3:2
LOW output voltage P1i—Pls Vee =45V |loo = 3 mA 0.4
loo = 6 MA 0.6
LOW output voltage P2+—P27 Vee = 45V 3.0
loo=10.0 mA
V=V | Hysteresis RESET Vee = 5.0 V 05| 07| V
Hysteresis (Note) Hswne, Vswae, TIM2,  |Vec = 5.0 V 05 | 1.3
TIM3, INTL1, INT2,
INT3, SCL1, SCL2,
SDA1, SDA2, S,
Scik
lizn HIGH input leak current RESET, P0o—PO07, Vee = 5.5V 5 | pA
Plo—P17, P20—P27, Vi=55YV
P30—P34, Hsvync,
Vsvyne
lizL LOW input leak current RESET, P0o—PO07, Vee = 5.5V ) HA
P1lo—P17, P20—P27, Vi=0V
P30—P34, Hsync,
Vsvyne
lozn HIGH output leak current POo—POs Vee = 5.5V 10 | pA
Vo =12 V
Res [2C-BUS-BUS switch connection resistor|Vec = 4.5 V 130 | W

(between SCL1 and SCL2, SDA1 and SDA2)

Note: POes, P07, P15, P23 and P24 have the hysteresis when these pins are used as interrupt input pins or
timer input pins. P20—P22 have the hysteresis when these pins are used as serial 1/0 pins. P11-P14

have the hysteresis when these pins are used as multi-master 12C-BUS interface pins.
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ELECTRICAL CHARACTERISTICS

3.1 Electrical characteristics

A-D Comparator characteristics
(Vcc =5V £10 %, Vss =0V, f(Xin) = 8 MHz, Ta = —=10 °C to 70 °C, unless otherwise noted)

Limits
Test conditions ; Unit
Symbol Parameter Min, Typ. Max.
— Resolution 6 bits
— Absolute accuracy 0 *1 2 LSB

Note: When Vcc =5V, 1 LSB = 5/64 V.

Multi-master | 2C-BUS bus line characteristics

Standard clod mode | High-speed clock mode .

Symbol Parameter i, Max. Typ. M. Unit
taur Bus free time 4.7 1.3 us
tHD:sTA Hold time for START condition 4.0 0.6 us
trow LOW period of SCL clock 4.7 1.3 us
tr Rising time of both SCL and SDA signals 1000 [20+0.1Cs| 300 ns
tHD:DAT Data hold time 0 0 0.9 us
tHiGH HIGH period of SCL clock 4.0 0.6 us
tr Falling time of both SCL and SDA signals 300 |20+0.1C»| 300 ns
tsu:paT Data set-up time 250 100 ns
tsu:sta Set-up time for repeated START condition 4.7 0.6 us
tsu:sto Set-up time for STOP condition 4.0 0.6 us

Note: Cb = total capacitance of 1 bus line

1 tLow
tr
1
| P | :S
SCL | | Cop
AT S o
bk s N )
tHD:STA tHD:DAT tHIGH tSUDAT tSuISTA S : Start condition
Sr : Restart condition
P : Stop condition
Fig. 3.1.1 Definition diagram of timing on multi-master | 2C-BUS
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ELECTRICAL CHARACTERISTICS

3.2 Standard characteristics

3.2 Standard characteristics

The data described in this section are characteristic examples. Refer to “3.1 Electrical characteristics”

rated values.

1. Ports PO0—PO05 and P32
(a) loL—VoL characteristics

100.00

80.00

Vce=5.5V

60.00
/

000 // — Vce=4.5V

LOW level output current 10L [mA]

20.00 /

0.000

0.000 1.200 2.400 3.600

LOW level output voltage V OL [V]

2. Ports POs and P07
(a) loH-VoL characteristics

4.800

6.000

100.00

80.00

60.00

Vcc=5.5V

40.00

HIGH level output current | OH [mA]

20.00 / Vcc=4.5V

0.000

0.000 1.200 2.400 3.600

LOW level output voltage V OL [V]

4.800

6.000
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3.2 Standard characteristics

3. Ports P1o, P15-P17, P20-P23, P30, P31 and D-A
(a) loL-VoL characteristics

100.00
<
£
-
©  80.00
<
g
S 60.00
i
5 Vcc=5.5V
o
T 40.00
2 4/"
= /
9 T — _

20.00 //' Vce=4.5V

0.000

0.000 1.200 2.400 3.600 4.800 6.000
LOW level output voltage V OL [V]
(b) l1oH-VOH characteristics
—100.00
<
£
_._5 —-80.00
<
o
5 —60.00
o
5
g
: —
E —40.00 Vcc=5.5V
(ED —20.00 S
—— Vce=4.5V
——
0.000
0.000 -1.200 —2.400 -3.600 —4.800 —6.000

HIGH level output voltage V OH [V]
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3.2 Standard characteristics

4. Ports P11-P14
(a) loL-VoL characteristics

__100.00
<
£
)
= 80.00
o Vce=5.5V
3
- 60.00 P
g _—
> /
(@] m—
S 40.00 /// Vce=4.5V
<@ /
=
S y

20.00 //

0.000

0.000 1.200 2.400 3.600 4.800 6.000
LOW level output voltage VoL [V]
(b) lorn—Von characteristics
~100.00

<
£
~ —80.00
°
IS
© —60.00
>
o
5
a
8 —40.00 Vcc=5.5V
T
>
@
&5 -20.00 ——
T ,// Vce=4.5V

0.000

0.000 -1.200 —2.400 -3.600 —4.800 -6.000

HIGH level output voltage V OH [V]
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ELECTRICAL CHARACTERISTICS

3.2 Standard characteristics

5. Ports P24-P27
(a) loL-VoL characteristics

100.00

80.00

60.00 Vce=5.5V

40.00 g ———

/// Vce=4.5V
/

LOW level output current 1oL [mA]

20.00

0.000
0.000 1.200 2.400 3.600 4.800 6.000

LOW level output voltage VoL [V]

(b) low—Von characteristics

~100.00
<
£
< —80.00
o
5
£ —60.00
=}
2 Vce=5.5V
>
=
3 —40.00
)
g —
T l/—
© —20.00 [ Vcec=4.5V
I

0.000

0.000 —1.200 —2.400 -3.600 —4.800 —6.000

HIGH level output voltage V OH [V]
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3.2 Standard characteristics

6. Ports P52—P55
(a) loL-VoL characteristics

100.00

80.00

60.00

40.00
Vcc=5.5V

LOW level output current 1oL [mA]

20.00

s Vee=4,5V

0.000
0.000 1.200 2.400 3.600 4.800 6.000

LOW level output voltage VoL [V]

(b) low—Von characteristics

—100.00

—80.00

—60.00

—40.00

—20.00 Vce=5.5V

HIGH level output current | OH [mA]

fe——— Vcc=4.5V
0.000 — | |

0.000 -1.200 —2.400 —3.600 —4.800 —6.000

HIGH level output voltage V OH [V]
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M37220M3-XXXSP/FP

4.1 Performance overview

4.1 Performance overview

This chapter is described about M37220M3-XXXSP/FP.

M37220M3-XXXSP/FP has the common functions with M37221M6-XXXSP/FP except for part of functions.
This chapter explains the differences between M37220M3-XXXSP/FP and M37221M6-XXXSP/FP. Therefore,
refer to the corresponding descriptions of M37221M6-XXXSP/FP about the common functions.

The 8-bit microcomputer M37220M3-XXXSP/FP has many additional functions for tuning system for TV:

Table 4.1.1 Performance overview (1)

Parameter

Performance

Number of basic instructions

71

Instruction execution time

0.5 ps (the minimum instruction execution time, at 8
MHz oscillation frequency)

Clock frequency

8 MHz (maximum)

Memory size ROM 12 K bytes

RAM 256 bytes

CRT ROM 4 K bytes

CRT RAM 80 bytes

Input/Output ports P0o—PO> I/0 8-bit O 1 (N-channel open-drain output structure, can be
used as PWM output pins, INT input pins, A-D input pin)

P1lo-P17 I/0 8-bit 0 1 (CMOS input/output structure, can be used as
A-D input pins, INT input pin)

P20, P21 /0 2-bit 0 1 (CMOS input/output or N-channel open-drain
output structure, can be used as serial I/O pins)

P2:—P27 /O 6-bit O 1 (CMOS input/output structure, can be used as
serial input pin, external clock input pins)

P30, P31 I/0 2-bit 0 1 (CMOS input/output or N-channel open-drain
output structure, can be used as D-A conversion output
pins, A-D input pins)

P32 I/0 1-bit O 1 (N-channel open-drain output structure)

P33, P34 Input 2-bit 0 1 (can be used as CRT display clock 1/0O pins)

P52—P5s Output |4-bit O 1 (CMOS output structure, can be used as CRT
output pins)

Serial 1/0 8-bit O 1

A-D comparator

6 channels (6-bit resolution)

D-A converter

2 (6-bit resolution)

PWM output circuit

14-bit O 1, 8-bit O 6

Timers

8-bit timer O 4

Subroutine nesting

96 levels (maximum)

Interrupt

External interrupt O 3, Internal timer interrupt O 4, Serial
I/O interrupt O 1, CRT interrupt O 1, f(Xin)/4096 interrupt
O 1, Vsvnc interrupt O 1, BRK interrupt 0 1

Clock generating circuit

2 built-in circuits (externally connected a ceramic resonator
or a quartz-crystal oscillator)

Power source voltage

5V+10%
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M37220M3-XXXSP/FP

4.1 Performance overview

Table 4.1.2 Performance overview (2)

Parameter Performance
Power dissipation CRT ON 165 mW typ. (at oscillation frequency f(Xin) = 8 MHz,
fcrr = 8 MHZ2)
CRT OFF 110 mW typ. (at oscillation frequency f(Xn) = 8 MHz)
In stop mode 1.65 mW (maximum)

12V withstand ports

6

LED drive ports

4

Operating temperature range

-10 °C to 70 °C

Device structure

CMOS silicon gate process

Package

M37220M3-XXXSP

42-pin shrink plastic molded DIP

M37220M3-XXXFP

42-pin shrink plastic molded SOP

CRT display function

Number of display characters

20 characters 0O 2 lines (maximum 16 lines by software)

Dot structure

12 O 16 dots

Kinds of characters

128 kinds

Kinds of character sizes

3 kinds

Kinds of character
colors

Maximum 7 kinds (R, G, B); can be specified by the
character

Display position (horizontal, vertical)

64 levels (horizontal) O 128 levels (vertical)
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M37220M3-XXXSP/FP

4.2 Pin configuration

4.2 Pin configuration
The pin configurations are shown in Figures 4.2.1 and 4.2.2.

HsYNC
VSYNC
P0Oo/PWMO
P0O1/PWM1
P02/PWM2
P0O3/PWM3
P0O4/PWM4
POs/PWM5
P06/INT2/A-D4
PO7/INT1
P23/TIM3
P24/TIM2
P25

P26

P27

D-A

P32
CNVss

XIN

XouTt

Vss

— [2] 41] —=
= [4] 39] —=
- [14] @ 29] <=
4—@ 27| -
<—>|ﬁ 26| =
—»@ 25| -—
—»@ 24| —-—
4—@ 23| -
—>|Z 20| —-—

Package type : 42P4B

P52/R

P53/G

P54/B
P55/0UT
P20/ScLk
P21/Sourt
P22/SIN

Plo

P11

P12

P13

P14
P15/A-D1/INT3
P16/A-D2
P17/A-D3
P30/A-D5/DA1
P31/A-D6/DA2
RESET
OSC1/P33
0OSC2/P34
Vcc

Fig. 4.2.1 Pin configuration (top view) (1)
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M37220M3-XXXSP/FP

4.2 Pin configuration

Hsyne — [1]
Vsyne — [ 2]
POO/PWMO <— [ 3]
PO1/PWM1 = [ 4]
PO2/PWM2 < [ 5
PO3/PWM3 < |6 |
PO4/PWM4 < [ 7|
POs/PWM5 <> [ 8|
PO6/INT2/A-D4 <> [ 9|
PO7/INT1 =< [10]
P23/TIM3 = [11]
P24/TIM2 = [12]
P25 = [13]

P26 = [14]

p27 =< [15|

D-A <— [16]

P32 = [17|
CNVss —> [18]
XIN —> @

Xout =— [20]

Vss —> |Z

dadXXX-EW0ZZLEN

27 -
26 -
25 -

24| <

23 -
22 -

Package type : 42P2R-A

P52/R

P53/G

P54/B
P55/OUT
P20/ScLk
P21/Sourt
P22/SIN

Plo

P11

P12

P13

P14
P15/A-D1/INT3
P1e/A-D2
P17/A-D3
P30/A-D5/DA1
P31/A-D6/DA2
RESET
OSC1/P33
OSC2/P34
Vcc

Fig. 4.2.2 Pin configuration (top view) (2)
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M37220M3-XXXSP/FP

4.3 Pin description

4.3 Pin description
The pin description of M37220M3-XXXSP/FP is shown in Table 4.3.1.

Table 4.3.1 Pin description (1)

, Input/ i
Pin Name Functions
Output

Ve, Power source Apply voltage of 5V £ 10 % (typical) to Vcc, and 0 V to Vss.

Vss

CNVss CNVss This is connected to Vss.

RESET Reset input Input |To enter the reset state, the reset input pin must be kept at a “L” for
2 us or more (under normal Vcc conditions).
If more time is needed for the quartz-crystal oscillator to stabilize, this
“L” condition should be maintained for the required time.

Xin Clock input Input |This chip has an internal clock generating circuit. To control generating
frequency, an external ceramic resonator or a quartz-crystal oscillator

Xoor Clock output | Output is connected between pins Xinand Xour. If an external clock is used,
the clock source should be connected to the Xin pin and the Xour pin
should be left open.

P0o I/O port PO I/O  |Port PO is an 8-bit I/O port with direction register allowing each 1/O bit

PWMO- to be individually programmed as input or output. At reset, this port is

POs/ set to input mode. The output structure is N-channel open-drain output.

PWMS5, The note out of this Table gives a full of port PO function.

POs/INT2/|PWM output Output [Pins P0o—PO0s are also used as PWM output pins PWMO-PWM5

A-D4, respectively. The output structure is N-channel open-drain output.

P0O7/INT1 |External Input |Pins P0Os , PO7 are also used as external interrupt input pins INT2,

interrupt input INT1 respectively.
Analog input Input [POs pin is also used as analog input pin A-D4.

P1.—P1s, |1/O port P1 I/O  |Port P1 is an 8-bit I/O port and has basically the same functions as

P1s/A-D1/ port PO. The output structure is CMOS output.

INTS3, Analog input Input |Pins P1s—P1; are also used as analog input pins A-D1 to A-D3

P1s/A-D2, respectively.

P1:/A-D3 |External Input |P1s pin is also used as external interrupt input pin INT3.

interrupt input
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M37220M3-XXXSP/FP

4.3 Pin description

Table 4.3.2 Pin description (2)

. Input/ .
Pin Name Functions
Output
P20/Scik, [I/O port P2 /O [Port P2 is an 8-bit I/O port and has basically the same functions as
P21/Sour, port PO. The output structure is CMOS output.
P22/Sn, External clock| Input |Pins P23, P24 are also used as external clock input pins TIM3, TIM2
P23:/TIM3, |input respectively.
P24TIM2, |[Serial 1/0 I/0 |P20 pin is also used as serial I/O synchronous clock input/output pin
P2s—P27 |synchronous Scwk. The output structure is N-channel open-drain output.
clock input/
output
Serial 1/0 data| 1/0 [Pins P21, P22 are also used as serial I/O data input/output pins Sour,
input/output Siv respectively. The output structure is N-channel open-drain output.
P30/A-D5/|1/O port P3 /0 [Ports P30—P3:are 3-bit I/O ports and have basically the same functions
DA1, as port PO. Either CMOS output or N-channel open-drain output structure
P31/A-D6/ can be selected as the port P30 and P3.. The output structure of port
DA2, P3: P32 is N-channel open-drain output.
Analog input Input |Pins P30, P3: are also used as analog input pins A-D5, A-D6 respectively.
D-A conversion | Output [Pins P30, P31 are also used as D-A conversion output pins DAL, DA2
output respectively.
P33:/0OSC1, |Input port P3 Input |Ports P3s, P34 are 2-bit input ports.
P34/OSC2 |Clock input for| Input |P3s pin is also used as CRT display clock input pin OSC1.
CRT display
Clock output for | Output |P34 pin is also used as CRT display clock output pin OSC2. The
CRT display output structure is CMOS output.
P52/R, Output port P5 | Output [Ports P5:—P5s are 4-bit output ports. The output structure is CMOS
P53/G, output.
P54/B, CRT output Output |Pins P5.—P5s are also used as CRT output pins R, G, B, OUT respectively.
P5s/OUT The output structure is CMOS output.
Hsvne Hsvync input Input |This is a horizontal synchronous signal input for CRT.
Vsvne Vsyne input Input |This is a vertical synchronous signal input for CRT.
D-A DA output Output |This is a 14-bit PWM output pin.
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The functional block diagram is shown in Figure 4.4.1.

M37220M3-XXXSP/FP

4.4 Functional block diagram
4.4 Functional block diagram
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M37220M3-XXXSP/FP

4.5 Functional description

4.5 Functional description

Functions of M37220M3-XXXSP/FP are partially different from those of M37221M6-XXXSP/FP. Table 4.5.1
shows the difference between M37220M3-XXXSP/FP and M37221M6-XXXSP/FP.

Table 4.5.1 Difference between M37220M3-XXXSP/FP and M37221M6-XXXSP/FP

Paramater

M37220M3-XXXSP/FP

M37221M6-XXXSP/FP

Programmable 1/0O ports 33 33
Port PO 8 bits 8 bits
Port P1 8 bits 8 bits
(Functions except port are
partially different.)
Port P2 8 bits 8 bits
Port P3 8 bits 8 bits
(Functions except port are
partically different.)
Port P5 4 bits 4 bits

Interrupts

No multi-master 1°C-BUS
interface interrupt

(Priority level is the same as
M37221M6-XXXSP/FP.)

There is multi-master 12°C-BUS
interface interrupt

D-A converter

Included
2 (6-bit resolution)

Multi-master 12C-BUS interface

Included
1 (2 systems)

CRT display function

Number of display characters

20 characters O 2 lines

24characters O 2 lines

Kinds of characters

128 kinds

256 kinds

Kinds of character back
ground colors

Not available

Possible
(It can be specified by the character.)
Maximum 7 kinds

7220 Group User's Manual
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M37220M3-XXXSP/FP

4.5 Functional description

4.5.1 Access area
Figure 4.5.1 shows the M37220M3-XXXSP/FP access area.

000016
A

RAM 00CO016
(256 bytes) 00FF16
013F16
CRT display RAM (060016

(80 bytes)
(Note) 06B316
D00016

ROM

(12 K bytes)

FF0016
FFDE16
FFFF16

Internal RAM
(192 bytes)

Zero page

SFR area
Special function register
(Refer to Figures 4.5.3 and 4.5.4)

Internal RAM
(64 bytes)

Not used

RAM
for display

Not used

Internal ROM

Interrupt vector area

CRT display ROM

(4 K bytes)

1]

. Internal ROM area for

program counter

}Special page

Note: Refer to Table 4.5.7 Contents of CRT display RAM.

1000016

10FFF16

1FFFF16

ROM
for display

Not used

65536

69631

131071

Fig. 4.5.1 Access area

4-10

7220 Group User's Manual




4.5.2 Memory assignment
Figure 4.5.2 shows the memory assignment M37220M3-XXXSP/FP.

M37220M3-XXXSP/FP

4.5 Functional description

000016
A

RAM 00CO016
(256 bytes) 00FF16
013F16
CRT display RAM (060016

(80 bytes)
(Note) 06B316
D00016

ROM

(12 K bytes)

FFO0016
FFDE16
FFFF1e

Hexadecimal notation

Internal RAM
(192 bytes)

SFR area
Special function register
(Refer to Figures 4.5.3 and 4.5.4)

Internal RAM
(64 bytes)

Not used

RAM
for display

Not used

Internal ROM

Interrupt vector area

Decimal notation

0

CRT display ROM
(4 K bytes)

192 Zero page

255

319

1536

1719

53248

65280
65502

65535

Special page

1000016 65536
ROM
for display
10FFF16 69631
Not used
1FFFF16 131071

Note: Refer to Table 4.5.7 Contents of CRT display RAM.

Fig. 4.5.2 Memory assignment

7220 Group User's Manual
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M37220M3-XXXSP/FP

4.5 Functional description

CO16
Clis
C216
C316
C41e
Cb516
Cb616
C716
C816
C916
CA1s
CBu1e
CCis
CD1se
CEz1s
CFise
DO16
D116
D216
D316
D416
D516
D616
D716
D816
D916
DAu1s
DBuis
DCise
DDaie
DEuis
DF16

Address

Register

Port PO (PO)
Port PO direction register (D0)
Port P1 (P1)
Port P1 direction register (D1)
Port P2 (P2)
Port P2 direction register (D2)
Port P3 (P3)
Port P3 direction register (D3)

Port P5 (P5)
Port P5 direction register (D5)

Port P3 output mode control register (P3S)

DA-H register (DA-H)

DA-L register (DA-L)

PWMO register (PWMO)
PWM1 register (PWM1)
PWM2 register (PWM2)
PWM3 register (PWM3)
PWM4 register (PWM4)

PWM output control register 1 (PW)
PWM output control register 2 (PN)

Serial I/O mode register (SM)
Serial I/0O regsiter (SI10)

DAL conversion register (DA1)
DAZ2 conversion register (DA2)

m SFR Area (addresses CO16 to DF16)

<Bit allocation >

=

I:I } Function bit

I:I . No function bit

: Fix this bit to “0”
(do not write “1”)

[1]: Fix this bit to “1”
(do not write “0")

Bit allocation

b7

<State immediately after reset >

[0]: “0” immediately after reset
: “1” immediately after reset

: Undefined immediately
after reset

State immediately after reset
b7 b0

?

0016

?

0016

?

0016

oloJo[2]2]2]2]~

0016

?

?

0]0]2]2]2]2]212

0016

?

|DAZS |DA15 |P315 |P3OS

0016

?

oJol2]2]2]2]2]~>

PW7|PW6|PW5|PW4

PW3

PW2

PW1

PWO

PN4

PN3

PN2

|SM6 |SM5 | 0 |SM3 | SM2| SM1|SMO

o

DA15 [DA14

DA13

DA12

DA11

DA10

o
o
N)
-~
N)
N)
N)
N)

DA24

0 |pA2s

DA23

DA22

DA21

DA20

Fig. 4.5.3 Memory map of SFR (special function register) (1)
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M37220M3-XXXSP/FP

4.5 Functional description

m SFR Area (addresses EOz16 to FF16)

<Bit allocation >

} Function bit

I:I . No function bit
: Fix this bit to “0”
(do not write “1")

[1]: Fix this bit to “1”
(do not write “0”)

<State immediately after reset >

[0]:“0” immediately after reset
- “1” immediately after reset

: Undefined immediately
after reset

Address Register b7 Bit allocation 7State immediately after resetbo
EO16 Horizontal position register (HR) HR5| HR4| HR3| HR2[HR1 |HRO 0016

El1e6 Vertical position register 1 (CV1) cvie|cvis|cviglcvasievizievalieviol | O | 2 [ 2 | 2 | 2?2 | 2| 2 | ?
E216 Vertical position register 2 (CV2) cvae|cvzscvadlcvaslevazjeveiiev2ol | O | 2 [ 2 [ 2 | 2| 2| 2 | ?
E316 ?

E416 Character size register (CS) csaifcsaojcsiafesio| | O | O | O [ O |2 | 2?2 |2 |7
ES516 Border selection register (MD) MD20 mpwo| | 0| 0|0 | O[O0 |20 |2
E616 Color register 0 (COO) C005 C003| cO02| CO01 0016

E716 Color register 1 (CO1) co1s co13| cotz| co1l 0016

E816 Color register 2 (CO2) co25 C023| CO22| CO21 0016

E916 Color register 3 (CO3) coss €033| C032| CO31 0016

EA1s CRT control register (CC) cc2|cci [cco 0016

EB16 ?

EC16 CRT port control register (CRTP) OP7 | OP6 | OP5 | OUT RIG/B| VSYC| HSYC 0016

EDz16 CRT clock selection register (CK) 0| 0|0| O| O O |cki|cko 0016

EE16 A-D control register 1 (AD1) ADM4 ADM2 [ADM1 |ADMO| | O | 0 | 0 | ? | 0 | 0 | 0 | 0
EF16 A-D control register 2 (AD2) ADC5 |ADC4 |ADC3 [ADC2 |ADC1 [ADCO 0016

FO1e Timer 1 (TM1) FF16

Flie Timer 2 (TM2) 0716

F216 Timer 3 (TM3) FFie

F316 Timer 4 (TM4) 0716

F416 Timer 12 mode register (T12M) O |T12m4 | T12M3 | T12M2 [ T12M1 [T12MO 0016

F516 Timer 34 mode register (T34M) T34M5 [ T34M4 [ T34M3 [ T34M2 | T34M1 | T34MO 0016

F616 PWMS5 register (PWM5) ?

F716 ?

F816 ?

F916 Interrupt input polarity register (RE) 0 | |RE5|RE4|RE3| 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | ?
FA1s Test register (TEST) 0016 0016

FB1s CPU mode register (CPUM) 1]1)21 ]2 21 |°™0 |0]|1 | 1 | 1 | 1 | 1 | 1 | 0 | 0
FC16 Interrupt request register 1 IREQ1) IT3R VSCR [CRTR | TMAR [TM3R [TM2R | TMIR 0016

FD1e Interrupt request register 2 (IREQ2) 0 MSR SIR(IT2R [ITIR 0016

FE16 Interrupt control register 1 (ICON1) IT3E VSCE |CRTE |TM4E |TM3E [TM2E |TMIE 0016

FF16 Interrupt control register 2 (ICON2) 0| O O [MSE| Q |S1E|1T2E[1T1E 0016

Fig. 4.5.4 Memory map of SFR (special function register) (2)

7220 Group User's Manual

4-13



M37220M3-XXXSP/FP

4.5 Functional description

4.5.3 Input/Output pins
Table 4.5.2 shows the difference of programmable ports between M37221M6-XXXSP/FP and M37220M3-
XXXSP/FP.

Table 4.5.2 Difference of programmable ports between M37221M6-XXXSP/FP and M37220M3-

XXXSP/FP
Functions except port
Port M37220M3-XXXSP/FP M37221M6-XXXSP/FP
P0o—PO0s O PWMO-PWM5
PO0s O INT2/A-D4
PO~ O INT1
P1o No function ouT2
P1: No function SCL1
P1. No function SCL2
Pls No function SDA1
Pla No function SDA2
P1s d A-D1/INT3
Pls m] A-D2
P17 0 A-D3
P20 O Scik
P21 O Sout
P22 O Sin
P2 0 TIM3
P24 0 TIM2
P2s—P27 ] —
P30 A-D5/DA1 A-D5
P31 A-D6/DA2 A-D6
P32 0 —
P33 m| 0SsC1
P34 m| 0sc2
P52 m| R
P53 O G
P54 0 B
P5s ouT ouT1

O: It is the same as M37221M6-XXXSP/FP.
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M37220M3-XXXSP/FP

4.5 Functional description

4.5.4 Interrupts
The M37220M3-XXXSP/FP has 13 sources (reset is included) of interrupts.

Table 4.5.3 Interrupt sources, vector addresses and priority

Vector addresses

Priority Interrupt sources High-order byte | Low-order byte Remarks
1 Reset (Note) FFFF1s FFFE1s Non-maskable
2 CRT interrupt FFFDz1s FFFCus
3 INT2 interrupt FFFB1s FFFA16 Active edge selectable
4 INT1 interrupt FFF916 FFF81s Active edge selectable
5 Timer 4 interrupt FFF516 FFF41s
6 f(Xin)/4096 interrupt FFF31e FFF21s
7 VSYNC interrupt FFF1ie FFFO1s Active edge selectable
8 Timer 3 interrupt FFEF1s FFEE:1s
9 Timer 2 interrupt FFED:1s FFECs
10 Timer 1 interrupt FFEB1s FFEA1s
11 Serial 1/O interrupt FFE9:16 FFE81s
12 INT3 interrupt FFES516 FFE41s Active edge selectable
13 BRK instruction interrupt FFDF1se FFDE:s Non-maskable (software interrupt)

Note: Reset are included in the table because it operates in the same way as interrupts.

The different interrupt-related registers from those of M37221M6-XXXSP/FP are shown in the following

pages.
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M37220M3-XXXSP/FP

4.5 Functional description

Interrupt Request Register 1

b7 b6 b5b4b3 b2b1 b0

| ‘ I | I ‘ I ‘ I I I ‘ | Interrupt request register 1 (IREQ1) [Address 00FCis¢]

B Name Functions After reset| R W
© ot 1] 0 [Timer 1 interrupt 0: No interrupt request issued 0 R:O
A request bit (TM1R) | 1:Interrupt request issued :
i___| 1 |Timer 2 interrupt 0: No interrupt request issued 0 RED
[ request bit (TM2R) | 1: Interrupt request issued !
Coror ] 2 | Timer 3 interrupt 0: No interrupt request issued 0 R d
request bit  (TM3R) | 1: Interrupt request issued '
L] 3 |Timer 4 interrupt 0: No interrupt request issued 0 R a
o request bit  (TM4R) | 1: Interrupt request issued :
oo ] 4 |CRT interrupt 0: No interrupt request issued 0 R:O
oo request bit (CRTR) | 1:Interrupt request issued !
o] 5 |VsyNcC interrupt 0: No interrupt request issued 0 R ad
request bit  (VSCR) | 1: Interrupt request issued '
N 6 |Nothing is assigned. This bit is a write disable bit. 0 Ri—
! When this bit is read out, the value is “0.” :
] 7 |INT3 interrupt 0 : No interrupt request issued 0 RO
request bit  (IT3R) 1 : Interrupt request issued :
(: “0” can be set by software, but “1” cannot be set.
Fig. 4.5.5 Interrupt request register 1 (address O0FC  1s)
Interrupt Control Register 1
b7b6 b5b4b3 b2b1 b0
‘ 1 Interrupt control register 1 (ICON1) [Address O0OFEz16]
oo i Name Functions After reset| R W
© 00 0 111 1] 0 [Timer linterrupt 0: Interrupt disabled 0 [RW
. enable bit (TM1E) 1: Interrupt enabled H
i___| 1 |Timer 2 interrupt 0 : Interrupt disabled 0 REW
[ enable bit (TM2E) 1 Interrupt enabled '
A . 2 |Timer 3 interrupt 0 Interrupt disabled o [rRWw
I enable bit (TM3E) 1 : Interrupt enabled i
T 3 | Timer 4 interrupt 0: Interrupt disabled 0o [Riw
oo enable bit (TM4E) 1: Interrupt enabled :
] 4 | CRT interrupt enable 0: Interrupt disabled 0 R EW
o bit (CRTE) 1 Interrupt enabled !
oL 5 | VsyNc interrupt 0: Interrupt disabled 0o |rRWwW
enable bit (VSCE) 1 : Interrupt enabled E
b 6 |Nothing is assigned. This bit is a write disable bit. 0 Ri—
P When this bit is read out, the value is “0.” !
] 7 |INT3 interrupt 0 Interrupt disabled 0 RIW
enable bit (IT3E) 1 Interrupt enabled |

Fig. 4.5.6 Interrupt control

register 1 (address O0OFE

16)
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M37220M3-XXXSP/FP

4.5 Functional description

4.5.5 D-A converter

M37220M3-XXXSP/FP has 2 D-A converter with 6-bit resolution. Figure 4.5.7 shows the D-A converter

block diagram.

Data bus

|

]

| DAL conversion register |

DAZ2 conversion register |

6| (address OODE16)

6 (address OODF16)

Resistor ladder

Resistor ladder

2

$

P30/A-D5/DA1

DAL output enable

2

g

P31/A-D6/DA2

bit DAZ2 output enable bit

Fig. 4.5.7 D-A converter block diagram

D-A conversion is performed by setting the value in
the DA conversion register. The result of D-A
conversion is output from the DA pin by setting “1”
to the DA output enable bit of the port P3 output
mode control register (bits 2 and 3 at address 00CDas).
The output analog voltage V is determined with the
value n (n: decimal number) in the DA conversion
register.

V=Vcc O - (n= 0 to 63)
64
The DA output does not build in a buffer, so connect

an external buffer when driving a low-impedance
load.

Table 4.5.4 Relationship between contents of D-A conversion
register and output voltage “V”

A-D control register Output
bit 5 | bit 4 | bit 3 |bit 2| bit 1| bit 0 voltage “V”
0 0 0 0 0 0 0/64 Vcc
0 0 0 0 0 1 1/64 Vcc
0 0 0 0 1 0 2/64 Vcc
1 1 61/64 Vcc
1 0 62/64 Vcc
1 1 63/64 Vcc

7220 Group User's Manual

4-17



M37220M3-XXXSP/FP

4.5 Functional description

DA n Conversion Register

b7 b6 b5 b4 b3 b2b1 b0

DA n conversion register (DAn) (n =1 and 2) [Address O0DE 16, 00DF16]

Name Functions After reset | RiW
: b5 b4 b3 b2 bl b0 ; .

D_A conversion set 00 0 0 O 0:0/6avee Indeterminate R:W
to [ bits 000 0 0 1:1/64Vce :
5 | (DANO-DAN5) 0 0 0 0 1 0:2/64Vce '
11 1 1 0 1:61/64Vcec '
1 1 1 1 1 0:62/64Vce .
1 1 1 1 1 1:63/64Vcec .

6 |Fix this bit to “0.” 0 R I—

7 |Nothing is assigned. This bit is a write disable bit. 0 RE—
When this bit is read out, the value is “ 0.” !

Fig. 4.5.8 DA n conversion register (addresses O0DE 16 and O0DF 16)

Port P3 Output Mode Control Register

b7 b6 b5 b4 b3 b2 bl b0

HENEEEEN

Port P3 output mode control register (P3S) [address 00CD16]

B Name Functions After reset | R EW

0 | P30 output structure 0 : CMOS output 0 RIW
selection bit (P30S) 1 : N-channel open-drain output :

1 |P3:1 output structure 0 : CMOS output 0 RIW
selection bit (P31S) 1 : N-channel open-drain output .

2 | DAL output enable bit 0 : P30 input/output 0 R EW
(DA1S) 1: DAL output '

3 | DA2 output enable bit 0 : P31 input/output 0 RIW
(DA2S) 1: DA2 output :

4 | Nothing is assigned. These bits are write disable bits. 0 RI—

t? When these bits are read out, the values are “0.” H

Fig. 4.5.9 Port P3 output mode

control register (address 00CD 16)
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M37220M3-XXXSP/FP

4.5 Functional description

4.5.6 CRT Display function

Table 4.5.5 shows the outline the CRT display function of the M37220M3-XXXSP/FP.

Table 4.5.5 Outline of CRT display function

Parameter

Performance

Number of display character

20 characters O 2 lines

Dot structure

12 dots O 16 dots

Kinds of character

128 kinds

Kinds of character sizes

3 kinds

Kind of colors

1 screen; 4 kinds, maximum 7 kinds

Color

Coloring unit

A character

Display extension

Possible (multiline display)

Raster coloring

Possible (maximum 7 kinds)
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M37220M3-XXXSP/FP

4.5 Functional description

(Address 00EA16)

CRT control register

A

(Addresses 00E116, 00E216)

A

Vertical position registers

0sC1  0Osc2
Q Q

|

Display oscillation

HsyYNC VsyYNC

ON®,

(Address 00E416)

Character size register

circuit

(Address 00EO16)

Horizontal position register

(Address 00E516)

Border selection register

Display position control circuit

Display control

)

RAM for display

9 bits O 20 characters 0
2 lines

(Addresses 00E616

to 00E916) y

Color registers

(Address 00EC1s6)

Data bus

CRT port control register

circuit
Y
ROM for display
>112 bits 00 16 dots O
128 characters
\ v
Shift register [ Shift register
12 bits 12 bits
¢ Y y
> Output circuit <
R G B ouT

Fig. 4.5.10 CRT display circuit block diagram
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M37220M3-XXXSP/FP

4.5 Functional description

(1) Memory for display
There are 2 types of display memory: CRT display ROM (addresses 1000015 to 10FFF16) and CRT
display RAM (addresses 060016 to 06B316). Each type of display memory is described below.

m CRT display ROM (addresses 10000 16 to 10FFF 1)
CRT display ROM has a capacity of 4 K bytes. Since 32 bytes are required for 1 character data,
the ROM can stores up to 128 kinds of characters.
CRT display ROM is broadly divided into 2 areas. The [vertical 16 dots] O [horizontal (left side)
8 dots] data of display characters are stored in addresses 1000016 to 107FFis ; the [vertical 16
dots] O [horizontal (right side) 4 dots] data of display characters are stored in addresses 108001
to 10FFFus (refer to “Figure 4.5.11” ). Note however that the high-order 4 bits of the data to be
written to addresses 1080016 to 10FFFis must be set to “1” (by writing data FXais).

o
N
o
o
o
@
o
o)

10XX016 10XX016

+80016

AR minnhnee
RATHH NS

O|O|0O|O|O0O|,P|P|P|O|O|O|O|O|O|O|O

AR T TN

O|O(RP|P|IP O O0C|O/O|O|O|O|O|O|O|O

O|O|0O|0O|O|0O|0O|O|O|O|O|O|O|O|O|O
O|O|0O|0O|O|0O|0O|O|O|O|O|O|O|O|O|O

O|O|O0O|0O|O|0O|0O|O|O|O|O|O|O|O|O|O

O|O(RP|P|IP O 0O|OjO|O|O|O|O|O|O|O

O|0O|0O|0O|0O|RP|P|P|O|O|O|lO|O|O|O|O

O|O|0O|O|0O|k | O|O(RP|kP|P|IOjO|O|O|O
O|O|0O|O|O0O|k | O|O|O|O|O|FP |k |O|O|O
O|O|0O|O|O0O|kP | O|O|0O|O|O|O|O|R |k |O
O|O|0O|O|O0O|k | O|O|O|O|O|FP |k |O|O|O
O|O|0O|0|0O|Fk|O|O|Rr|(P|IP OO0 |O|O

10XXF16 10XXF16

+80016

Fig. 4.5.11 Example of display character data storing form
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4.5 Functional description

The character code used to specify a display character is determined based on the address in the
CRT display ROM in which that character data is stored.

Assume that 1 character data is stored in addresses 10XX01s to 10XXF1s (XX denotes 001 t0 7F1s)
and 10YYO01s to 10YYF1s (YY denotes “XX+80016"), then the character code is “XXis.”

In other words, a character code is constructed with the low-order second and third digits (hexadecimal
notation) of the 5-digit address (100001 to 107FF16) where that character data is stored.

A character code is “YY16” in addresses 110001 to 11FFFus.

Table 4.5.6 shows the character code table.

Table 4.5.6 Character code table (be omitted partly)

Character code Character data stored address

Left side 8 dots Right 4 side 8 dots
0016 1000016 to 1000F1s 1080016 to 1080F1s
(ONET 1001016 to 1001F16 1081016 to 1081F1s
0216 1002016 to 1002F16 1082016 to 1082F16
0316 1003016 to 1003F1s 1083016 to 1083F1s
7E1s 107EOQ16 to 107EF1s 10FEOQO1s to 10FEF1s
TF16 107F016 to 107EF16 10FFO16 to 10FFF1s

m CRT display RAM (addresses 0600 1sto 06B316)
CRT display RAM is assigned to addresses 060015 to 06B316. Table 4.5.7 shows the contents of
CRT display RAM.

Table 4.5.7 Contents of CRT display RAM

Block number [Display position (from left side) | Character code specifying Color specifying
1st character 060016 068016
2nd character 060116 068116
3rd character 060216 068216
Block 1 : : :
18th character 061116 069116
19th character 061216 069216
20th character 061316 069316
061416 069416
Not used to :
061F16 069F16
1st character 062016 06A016
2nd character 062116 06A1l1s
3rd character 062216 06A216
Block 2 : : :
18th character 063116 06116
19th character 063216 06216
20th character 063316 06316
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4.5 Functional description

Figure 4.5.12 shows the structure of CRT display RAM.

Block 1

[Character specification]

1st character : 060016
to
20th character : 061316

[Color specification]
1st character : 068016
to
20th character : 069316

Block 2

[Character specification]
1st character : 062016
to
20th character : 063316

[Color specification]

1st character : 06A016
to
20th character : 06B3 16

Character code
Specify 128 characters (“0016” to “7F16”)

Color register specification
0 0 : Specifying color register 0
0 1: Specifying color register 1
1 0 : Specifying color register 2
11 : Specifying color register 3

Character code
Specify 128 characters (“0016” to “7F16”)

Color register specification
0 0 : Specifying color register 0
0 1 : Specifying color register 1
1 0 : Specifying color register 2
11 : Specifying color register 3

Fig. 4.5.12 Structure of CRT display RAM
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4.5 Functional description

The different CRT display function—related registers from those of M37221M6-XXXSP/FP are shown in the

following pages.

Border Selection Reqister

b7 b6 b5 b4 b3 b2 bl b0

I—I | Border selection register (MD) [Address 00E516]

3 3 B Name Functions Afterreset | R W
3 L 0 |Block 1 OUT output 0: Same output as character output | Indeterminate | R EW
! border selection bit (MD10) | 1 : Border output

| 1 | Nothing is assigned. This bit is a write disable bit. 0 Ri1—

When this bit is read out, the value is “0.”

2 | Block 1 OUT output 0 : Same output as character output
border selection bit (MD20)| 1 : Border output

Nothing is assigned. These bits are write disable bits. 0 R
When these bits are read out, the values are “0.”

:

T
Indeterminate | R | W

.

\

:

Fig. 4.5.13 Border selection register (addresses O0E5  16)

Color Reqister n
b7 b6 b5 b4 b3 b2 bl b0

Color register n (COn) (n = 0 to 3) [Addresses 00E6 16 to 00E916]

3 3 3 3 3 3 3 3 B Name Functions After reset | R EW
3 3 3 3 3 3 3 1 0 [Nothing is assigned. This bit is a write disable bit. 0 R E—
I When this bit is read out, the value is “0.” !
.0 1 4+ 1 1 1| 1 |Bsignal output 0 : No character is output 0 RIW
[ selection bit (COn1) 1: Character is output :
3 3 3 3 3 3 2 | G signal output 0 : No character is output 0 R EW
e selection bit (COn2) 1: Character is output :
3 3 3 3 1 7777777777 3 | R signal output 0 : No character is output 0 R EW
oo selection bit (CON3) 1: Character is output !
A 4 |Nothing is assigned. This bit is a write disable bit. 0 R E—
i i i When this bit is read out, the value is “0.” :
i i :L 777777777777777 5 | OUT signal output 0 : Character is output 0 R EW
Lo control bit (COn5) 1: Blank is output !
] 6, 7 [Nothing is assigned. These bits are write disable bits. 0 Ri—
When these bits are read out, the values are “0.” !

Fig. 4.5.14 Color register n (addresses O0E6 16 to OOE9 1s)
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CRT Control Reqgister

b7 b6 b5 b4 b3 b2 bl b0

CRT control register (CC) [Address 00EA 16]

3 | 3 3 3 3 3 3 B Name Functions After reset | R |
3 3 3 3 3 3 3 i | 0 [All-blocks display control | 0 : All-blocks display off 0 R EW
[ bit (Note) (CCO) 1 : All-blocks display on '
A 1 |Block 1 display control bit |0 : Block 1 display off 0 RIW
A (cca) 1 : Block 1 display on .
3 3 3 3 3 i 7777777 2 | Block 2 display control bit [0 : Block 2 display off 0 R EW
oo (cc2) 1: Block 2 display on '
L ~ JL - i - ji J 7777777777 3 |Nothing is assigned. These bits are write disable bits. 0 R E—
0 [When these bits are read out, the values are “0.” !
7 .

Note: Display is controlled by logical product (AND) between the all-blocks display
control bit and each block control bit.

Fig. 4.5.15 CRT control register (address O0EA 1)

CRT Port Control Reqgister
b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | | CRT port control register (CRTP) [Address 00EC 16]

3 3 3 3 3 3 3 3 B Name Functions After reset| R 1 W

t 1 0 1 1 1| 0 [Hsyac input polarity 0 : Positive polarity 0 RiwW

[ switch bit (HSYC) 1 : Negative polarity !

0 0 0 0 1 1| 1 ] Vsync input polarity 0 : Positive polarity 0 RiW

[ N R switch bit (VSYC) 1 : Negative polarity .

3 3 3 3 3 i 7777777 2 |R, G, B output polarity 0 : Positive polarity 0 RIW

[ switch bit (R/G/B) 1 : Negative polarity !

3 3 3 3 1 7777777777 3 | Nothing is assigned. This bit is a write disable bit. 0 R E—

oo When this bit is read out, the value is “0.” !

R 4 | OUT output polarity 0 : Positive polarity 0 RIW

o switch bit (OUT) 1 : Negative polarity .

3 3 3 7777777777777777 5 | R signal output switch bit [0 : R signal output 0 RIW

- (OP5) 1: MUTE signal output :

| L 777777777777777777 6 | G signal output switch bit [0 : G signal output 0 R EW

! (OP6) 1 : MUTE signal output '

] 7 | B signal output switch bit 0 : B signal output 0 RIW
(OP7) 1 : MUTE signal output :

Fig. 4.5.16 CRT port control register (address O0EC 1¢)
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4.5.7 Internal state immediately after reset
Figures 4.5.17 and 4.5.18 show the internal state immediately after reset.

m SFR Area (addresses C016 to DF16)

Address

CO16
Clis
C216
C316
C41e
Cbi16
C616
C716
C816
C916
CAuie
CBu1s
CCis
CD1s
CE1se
CF1e
D016
D1l1e
D216
D316
D416
D516
D616
D716
D816
D916
DA1e
DBu1s
DCise
DD1ie
DEie
DFi6

Register

Port PO (PO)
Port PO direction register (D0)
Port P1 (P1)
Port P1 direction register (D1)
Port P2 (P2)
Port P2 direction register (D2)
Port P3 (P3)
Port P3 direction register (D3)

Port P5 (P5)
Port P5 direction register (D5)

Port P3 output mode control register (P3S)
DA-H register (DA-H)

DA-L register (DA-L)

PWMO register (PWMO)

PWM1 register (PWM1)

PWM2 register (PWM2)

PWM3 register (PWM3)

PWM4 register (PWM4)

PWM output control register 1 (PW)
PWM output control register 2 (PN)

Serial I/0 mode register (SM)
Serial I/O regsiter (SIO)

DAL conversion register (DA1)
DAZ2 conversion register (DA2)

<State immediately after reset >

[0]: 0" immediately after reset
- “1” immediately after reset

: Undefined immediately
after reset

State immediately after reset
b7 b0

?
0016
?
0016
?

0016
olofo[2]2]2]2]~
0016
?

?
oJoJol2[2]2]=2]>
0016
?

0016
?
olof2]2[2]2]2]>

Fig. 4.5.17 Internal state immediately after reset (1)
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EO16
Elie
E216
E316
E416
E516
E616
E716
E816
E916
EA16
EB1s
ECie
EDis
EE1s
EF16
FO16
Flie
F216
F316
F416
F516
F616
F716
F816
F916
FA1e
FB16
FCis
FDais
FE16
FFie

Address

Register

Horizontal position register (HR)
Vertical position register 1 (CV1)
Vertical position register 2 (CV2)

Character size register (CS)
Border selection register (MD)
Color register 0 (CO0)

Color register 1 (CO1)

Color register 2 (CO2)

Color register 3 (CO3)

CRT control register (CC)

CRT port control register (CRTP)
CRT clock selection register (CK)
A-D control register 1 (AD1)
A-D control register 2 (AD2)
Timer 1 (TM1)

Timer 2 (TM2)

Timer 3 (TM3)

Timer 4 (TM4)

Timer 12 mode register (T12M)
Timer 34 mode register (T34M)
PWMS5 register (PWM5)

Interrupt input polarity register (RE)
Test register (TEST)

CPU mode register (CPUM)
Interrupt request register 1 (IREQ1)
Interrupt request register 2 (IREQ2)
Interrupt control register 1 (ICON1)
Interrupt control register 2 (ICON2)

m SFR Area (addresses EO16 to FFi6)

<State immediately after reset >

[0]: “0” immediately after reset

: “1” immediately after reset

: Undefined immediately
after reset

State immediately after reset
b7 b0

0016

21?21?1217

21?2?1217

o122 2?2?27

0]0]?2]0]°2

0016

0016

0016

0016

0016

?

0016

0016

ojojo]

2]ofofofo

0016

FFie

0716

FFie

0716

0016

0016

?

?

?

0/o0]0]

o'|o|o|o|?

0016

11]1]

1l1]2]o0]o0

0016

0016

0016

0016

Fig. 4.5.18 Internal state immediately after reset (2)
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4.6 Electrical characteristics
Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
Vce Power source voltage Vcc All voltages are -0.3t0 6 \
Vi Input voltage CNVss based on Vss. -0.3to 6 V
Vi Input voltage P0o—P07,P10—P17, P20— |Output transistors| -0.3 to Vcc + 0.3 \Y
P27, P30—P34, OSC1, X, |are cut off.
Hsvne, Vsyne, RESET
Vo Output voltage P0Os, PO7, P10—P17, P20— -0.3 to Vec + 0.3 \%
P27, P30—P32, R, G, B,
OUT, D-A, Xour, OSC2
Vo Output voltage P0o—PO0s -0.3 to 13 V
lon Circuit current R, G, B, OUT, P1o—P1, 0 to 1 (Note 1) mA
P20-P27, P30, P31, D-A
loLt Circuit current R, G, B, OUT1, POs, POy, 0 to 2 (Note 2) mA
Plo—P1l7, P20—P23, P3o—
P32, D-A
loLz Circuit current P0o—PO0s 0 to 1 (Note 2) mA
loLs Circuit current P2:-P27 0 to 10 (Note 3) mA
P Power dissipation 550 mw
Topr Operating temperature Ta =25 °C -10 to 70 °C
Tstg Storage temperature -40 to 125 °C

Notes 1: The total current that flows out of the IC must be 20 mA (max.).

2: The total input current to IC (loL1 + loL2) must be 30 mA or less.

3: The total average input current for ports P24—-P27 to IC must be 20 mA or less.
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4.6 Electrical characteristics

Recommended operating conditions (T

a=-10°Cto 70 °C, Vcc = 5 V + 10 %, unless otherwise noted)

Symbol Parameter Min. | Typ. | Max. | Unit
Vee Power source voltage (Note 4), During CPU, CRT operation 4.5 5.0 5.5 \%
Vss Power source voltage 0 0 0 \%
Vin HIGH input voltage P0o—P07,P10—P17, P20—P27, 0.8Vce Vce V
P30—P34, Sin, Scik, Hsyne,
Vsvwne, RESET, X, OSC1,
TIM2, TIM3, INT1, INT2, INT3 Y,
Vi LOW input voltage P00—P07,P10—P17, P20—P27, 0 04Vec| V
P30—P34
Vi LOW input voltage Hsvne, Vsyne, RESET, TIM2, 0 0.2Vec| V
TIM3, INT1, INT2, INT3, Xm,
OSC1, S, Scik
lon HIGH average output current (Note 1) R, G, B, OUT, D-A, P1—P17, 1 mA
P20—P27, P30, P31
lous LOW average output current (Note 2) R, G, B, OUT, D-A, POs, P07, 2 mA
Plo—P1l7, P20—-P27, P30—P32
loc2 LOW average output current (Note 2) PO0o—POs 1 mA
lots LOW average output current (Note 3) P2+—P27 10 mA
f(Xw)  |Oscillation frequency (for CPU operation) (Note 5) X 79 | 80 | 81 |[MHz
ferr Oscillation frequency (for CRT display) (Note 5) 0osc1 5.0 8.0 |MHz
fhs1 Input frequency TIM2, TIM3 100 | kHz
fns2 Input frequency Scik 1 |MHz
Notes 1: The total current that flows out of the IC must be 20 mA (max.).

2. The total input current to IC (loL1 + loL2) must be 30 mA or less.

3: The total average input current for ports P24—P27 to IC must be 20 mA or less.

4: Connect 0.1 yF or more capacitor externally across the power source pins VCC-VSs so as to
reduce power source noise. Also connect 0.1 uF or more capacitor externally across the pins
Vcc—-CNVss.

5. Use a quartz-crystal oscillator or a ceramic resonator for the CPU oscillation circuit.
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Electric characteristics

(Vec =5V 10 %, Vss =0V, f(Xin) = 8 MHz, Ta = =10 °C to 70 °C, unless otherwise noted)

Symbol Parameter Test conditions Min. L_Il_r;;t-s Max. Unit
Icc Power source current |System operation |Vcc = 5.5V, CRT OFF 20 40 | mA
f(Xin\) = 8 MHz |CRT ON 30 60
Stop mode Vee = 5.5V, f(Xm) =0 300 | A
Von HIGH output voltage R, G, B, OUT, D-A,|Vecc =45V 2.4 \%
Plo—P17, P20—-P27, |lon = —0.5 mA
P30, P31
VoL LOW output voltage R, G, B, OUT, D-A,|(Vcc = 4.5V 0.4 \
P0o—-P07, Plo—P1l7,|lo. = 0.5 mA
P20—P2s3, P30—P32
LOW output voltage P2:—P27 Vec =45V 3.0
loo= 10.0 mA
Vr+—Vr |Hysteresis RESET Vee = 5.0 V 05 |07 |V
Hysteresis (Note) Hsvne, Vswne, TIM2, |Vec = 5.0 V 05 | 1.3
TIM3, INT1, INT2,
INT3, Sin, Scik
lizH HIGH input leak current  RESET, P0o—P07, |Vcc = 5.5 V 5 | uA
Plo—P17, P20-P27, [Vi=55V
P30—P34, Hsync,
Vsvyne
lize LOW input leak current ~ RESET, P0o—P07, |Vcc = 5.5 V 5 LA
P1lo—-P17, P20-P27, (Vi =0V
P30—P34, Hsync,
Vsvyne
lozn HIGH output leak current  PQ0o—PO0s Vee =55V 10 | pA
Vo =12 V

Note: POs, P07, P15, P23 and P24 have the hysteresis when these pins are used as interrupt input pins or
timer input pins. P20—P22 have the hysteresis when these pins are used as serial 1/0 pins.
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A-D Comparator characteristics
(Vcc =5V £10 %, Vss =0V, f(Xin) = 8 MHz, Ta = —=10 °C to 70 °C, unless otherwise noted)

Limits
Test conditions - Unit
Symbol Parameter Min. Typ. Max.
— Resolution 6 bits
— Absolute accuracy 0 t1 12 LSB

Note: When Vcc =5V, 1 LSB = 5/64 V.

D-A Converter characteristics
(Mcc =5V +£10 %, Vss =0V, f(Xin) = 8 MHz, Ta = =10 °C to 70 °C, unless otherwise noted)

Symbol Parameter Test conditions Min. L_:_r;FI;S Max. Unit
— Resolution 6 bits
— Absolute accuracy 2 %
tsu Setting time 3 us
Ro Output resistor 1 2.5 4 kQ
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4.7 Standard characteristics

The data described in this section are characteristic examples. Refer to “4.6 Electrical characteristics”
rated values.

1. Ports PO0—-PO5 and P32
(a) loL—VoL characteristics

LOW level output current 10OL [mA]

HIGH level output current | OH [mA]

100.00
80.00
Vce=5.5V
60.00
//
//
40.00 =
] — Vee=4.5V
/ 2
-~
20.00 /
0.000
0.000 1.200 2.400 3.600 4.800 6.00C
LOW level output voltage V OL [V]
2. Ports P06 and P07

(a) loH—-VoL characteristics
100.00

80.00

60.00

Vcc=5.5V

40.00

0.000

0.000 1.200 2.400 3.600 4.800 6.000

LOW level output voltage V OL [V]

for
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3. Ports P1o-P17, P20-P23, P30, P31 and D-A
(a) loL-VoL characteristics

LOW level output current | OL [mA]

HIGH level output current | OH [mA]

100.00

80.00

60.00

Vce=5.5V
40.00
/4/"
20.00 ///,/ Voc=4.5V
0.000
0.000 1.200 2.400 3.600 4.800 6.000
LOW level output voltage V OL [V]
(b) 1o0H-VOH characteristics
—100.00
—80.00
—-60.00
—40.00 Vce=5.5V
/
Vcc=4.5V
,/
0.000
0.000 —1.200 —2.400 —3.600 —4.800 —6.000

HIGH level output voltage V OH [V]
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4. Ports P24—-P27
(a) loL-VoL characteristics

LOW level output current 1oL [mA]

HIGH level output current | OH [mA]

100.00

80.00

60.00 Vcc=5.5V

———
//
40.00 / [
//// Vce=4.5V
20.00 L
0.000
0.000 1.200 2.400 3.600 4.800 6.000
LOW level output voltage VoL [V]
(b) low—Von characteristics
—-100.00
—80.00
—60.00
Vcc=5.5V
—40.00
"]
-
/_7

—20.00 [ Vcc=4.5V

0.000

0.000 —-1.200 —2.400 —3.600 —4.800 —6.000

HIGH level output voltage V OH [V]
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5. Ports P52—-P55

LOW level output current 1oL [mA]

HIGH level output current 10H [MA]

(a) loL-VoL characteristics

M37220M3-XXXSP/FP

4.7 Standard characteristics

100.00

80.00

60.00

40.00

Vce=5.5V

20.00

Vcc=4.5V

0.000

0.000

1.200

(b) lorn—Von characteristics

2.400 3.600

LOW level output voltage V oL [V]

4.800

6.000

—100.00

—80.00

—60.00

—40.00

—20.00

Vcc=5.5V

0.000

Vc?:4.5V

0.000

—2.400 —3.600

HIGH level output voltage V OH [V]

—4.800

—6.000
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APPLICATION

5.1 Example of multi-line display

5.1 Example of multi-line display

The M37221Mx-XXXSP/FP is used as a general example in describing this application for the 7220 group.
The M377221Mx-XXXSP/FP ordinarily displays 2 lines on a CRT screen by displaying 2 blocks at different
vertical positions. In addition to this, it can display 3 lines or more (multi-line display) by rewriting both
character data and display positions during interrupt processing, using CRT interrupts. An example of the
software processing for implemention this multi-line display is described below. This example is 12-line
multi-line display using blocks 1 and 2.

For CRT display details, refer to “2.11 CRT display function.”

5.1.1 Specifications

e Pins required: R, G, B, OUT1, Hswc, and Vsync

e Hsync/Vsyne input polarity: positive polarity input

e R/G/B/OUT1 output polarity: positive polarity output
e Character colors: red, blue, white, and cyan

e No character background color

e Bordering (OUT) is available

e Character size: minimum size

e 12-line display

5.1.2 Connection example

P52/R|= = = = = = =
P53/Glmmm = = =
P54/B |sssssssnnnnnnspl

P55/0UT1 —
HsyNc |«
VsyNC
M37221Mx-XXXSP/FP Color TV signal processor Monitor

Fig. 5.1.1 Connection example

Blue (B)

___________________________ ~The 1stline Block 1

CALENDAR ~ The 2nd line  Block 2

——————————————————————————— —~ The 3rd line  Block 1

Cyan 77777\ " — The 4thline  Block 2

(R+G) ‘s /J/ '/A\/N e

A p

Sun. 7 Mon. Tues. Wed. Thur. Fri. /|Sat. | < The5thline Block 1

g 17 2| < Theé6thline Block 2

3 4 5 6 7 8 9| < TheT7thline Block 1

Red (R 107 11 12 13 14 15| 16| ~ The8thline Block2

ed (R) 177 18 19 20 21 227 23 ~ The 9th line  Block 1

247 25 26 27 28 29/ 30| <« ThelOthline Block 2

~ The 11th line Block 1
A R ; « The 12thline Block 2

White (R+G+B)

Fig. 5.1.2 Display example
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5.1 Example of multi-line display

5.1.3 General flowchart
The multi-line display processing routine consists of initialization processing routine, Vsvnc interrupt processing
routine, and CRT interrupt processing routine.
(1) Initialization processing routine
This routine is used to initialize to cause a CRT interrupt.

CRTE : Bit 4 of interrupt control register 1 Line counter : Counter RAM for line counting

<CRT interrupt enable bit> CV1, CV2: Vertical position registers 1, 2
CRTR: Bit 4 of interrupt request register 1 P5D : Port P5 direction reg_ister
<CRT interrupt request bit> CRTP : CRT port control register
CS . Character size register CC : CRT control register
HR : Horizontal position register COO0 to CO3: Color registers 0 to 3
F_VSYNC : Vsync flag
. . MD : Border selection register
( Multi-line display start ) CK : CRT clock selection register

Initialization

CRTE (bit4 at address 00FE 16) « “0”

CC (address O0EA 16)

~"“000000002”
~“000000002”

Disable only CRT interrupt
All blocks display off
Select R/G/B/OUT1

P5D (address 00CB 16)

CRTP (address 00EC 16) « “000000002” HsYNC/VSYNC input polarity : positive polarity input

R/G/B/OUT1 output polarity : positive polarity output

COO0 (address 00E616)  « “000010002" (red) Color register 0 : red
CO1 (address 00E716)  « “000000102” (blue) Color register 1 : blue
CO2 (address 00E816)  « “000011102" (white) Color register 2 : white
CO3 (address 00E916)  — “000001102" (cyan) Color register 3 : cyan

Block 1 display RAM
Display character (blank) of block 1 (addresses 0600 16 to 061716)
\ Character color (no output) of block 1 (addresses 0680 16 to 0697 16)

CV1 (address O0E1 16) —
Vertical display start position of the 11th line (block 1)
Block 2 display RAM

Display character (blank) of block 2 (addresses 0620 16 to 063716)
\ Character color (no output) of block 2 (addresses 06A0 16 to 06B716)

CV2 (address 00E2 16) —
Vertical display start position of the 12th line (block 2)

Character size : minimum size
Border output

Set a horizontal display start position
Set display clock

~"“000000002”
~“000001012”

CS (address 00E4 16)
MD (address O0E5 16)
HR (address 00E016)  — “XXXXXXXX2”
CK (address OOED 16) ~“000000102”

Line counter <0 Enable CRT interrupt in synchronized
F_VSYNC <1 with the next VsyNc
Note: This routine is not interrupt
END processing routine.

Fig. 5.1.3 Flowchart of initialization processing routine
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5.1 Example of multi-line display

(2) Vsvyne interrupt processing routine
The Vsvnc interrupt processing routine consists of; multi-line display start processing and multi-line
display correction processing. The correction processing corrects erroneous multi-line display due to
various influences.

ICON1, ICON2: Interrupt control registers 1, 2 CC : CRT control register
CRTE : Bit 4 of interrupt control register 1 Line counter : Counter RAM for line counting
<CRT interrupt enable bit> F_VSYNC : VsyNc flag
CRTR : Bit 4 of interrupt request register 1 CV1,CV2: Vertical position registers 1, 2
<CRT interrupt request bit> V_ICON1, V_ICON2 : Back up RAM for interrupt control
registers 1, 2 during V SYNC interrupt
A: Accumulator
. . . X1 Index register X
( VSYNC interrupt processing routine ) Y Index register Y
[ T X modified operation mode flag

T ~"0” D : Decimal operation mode flag

D - HOH

V_ICON1 ~ICON1 ~ Push ICONL1 contents during V SYNC interrupt

. V_ICON2 ~ICON2 ~ Push ICON2 contents during V SYNC interrupt

Setting for ICON1 (address 00FE 16) — “000000012” O | Enable only Timer 1 interrupt
multiple ICON2 (address O0FF 16)  “000000002" [
Interrupts I ~“0” — Enable multipule interrupt set by steps 0, O

Push registers X, Y, A (Refer to “5.1.7 (2)" )

I
F_VSYNC =0
=1

Pass this F_VSYNC <0
process only | CRTR (bit 4 at address 00FE 16) « “0”
once at CRTE (bit 4 at address 00FC 16) — “1” ~ Enable CRT interrupt
display start. CC (address 00EA 16) <"0716" | — All blocks display on

Line counter —“2”

© |

Correction for - g .
EITONEoUS CV1 — Vertical display start position of the 1st line (block 1)

multi-line display CV2 ~ Vertical display start position of the 2nd line (block 2)
(Refer to “5.1.6" ) |

CRTR (bit 4 at address O0FE 16) —“0”

= |
Pop registers X, Y, A _ _
Setting f | 17 ~ Disable all interrupts
tt
e ) | IcoNt ~V_ICON1 _
; b ICON2 —V ICON2 —Pop ICON 1 and 2 contents during
interrupts B VSYNC interrupt (Refer to *5.1.7 (2)")
Note: The multiple interrupt priority of this system
RETURN interrupt is as below.

Timer 1 > VsYNC > CRT

Fig. 5.1.4 Flowchart of V svnc interrupt processing routine
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5.1 Example of multi-line display

(3) CRT interrupt processing routine
The CRT interrupt processing routine executes the display character data setup routine for each line,
in order to perform multi-line display. The line to be displayed is determined by the line counter value.

ICONL1, ICON2: Interrupt control registers 1, 2
CS : Character size register
HR : Horizontal position register
Line counter : Counter RAM for line counting
CV1,CV2: Vertical position registers 1, 2
CRT_ICON1, CRT_ICON2 : Back up RAM for interrupt control

] . . registers 1, 2 during CRT interrupt
( CRT interrupt processing routine )

A: Accumulator
I X Index register X
T 0 Y : Index register Y
D 0" T: X modified operation mode flag
CRT ICONL — ICON1 D : Decimal operation mode flag
CRT_ICON2 ~ICON2

ICON1 (address 00FE 16) —“001000012" | Enable Timer 1 interrupt and

ICON2 (address 00FF 16) “000000002" |  vsyNc interrupt

| ~"0"
I

| Push registers X, Y, A |

~ Specify jump destination by
Line counter value

=1
Block 2 display RAM ~

Line counter =0 |
Block 1 display RAM

Block 2 display RAM

Display character of block 1 (the 1st line)
Character color of block 1 (the 1st line)

CV1 « Vertical display start position

Display character of block 2 (the 2nd line)
Character color of block 2 (the 2nd line)

CV2  Vertical display start position

Display character of block 2 (the 12th line)
Character color of block 2 (the 12th line)

CV2 — Vertical display start position
of the 12th line (block 2)
Set CS, HR

of the 1st line (block 1)
Set CS, HR

of the 2nd line (block 2)
Set CS, HR

Line counter +1

#12
Line counter =12

=12

Line counter  “0”

Save the value of Line counter
in internal RAM

Pop registers X, Y, A

:CQN]_ < - Disable all interrupts
~CRT _ICON1 .
~ ~Pop ICON 1 and 2 contents durin
ICON2  _CRT ICON2 p g

CRT interrupt (Refer to “5.1.7 (2)" )

Note: The multiple interrupt priority of
this system is as below.
Timer 1 > VsyNC > CRT

C RETURN )

Fig. 5.1.5 Flowchart of CRT interrupt processing routine
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5.1 Example of multi-line display

5.1.4 Set of display character data

To display the character data, set the character codes (“001s” to “FFi6”") in the character addresses
(block 1: addresses 060016 to 061716, block 2: addresses 062016 to 063716). Also, set the color register
specifying (“002" to “112") in the color addresses (block 1: addresses 068016 to 069716, block 2: addresses
06A016 to 06B71s).

Character code
(“0016" to “FF16")

Character addresses 060016 060116 061616 061716
Block 1

Color ad?resses 068016 068116 069616 069716

\ J

'

Color register specifying 24 characters

(“002” to “112")

Character code
(“00116" to “FF16")

Character addresses 062016 062116 063616 063716
Block 2
Color ad?resses 06A016 06Al16 06B616 06B716
N J
h'd

Color register specifying

(*002” to “112") 24 characters

Fig. 5.1.6 Set of display character data
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5.1 Example of multi-line display

5.1.5 Line counter

The line counter determines which line of display data is to be set. For example, if a CRT interrupt occurs
at the end of the first line display, the line counter value will be “2.” Therefore, the 3rd line display data
must be set from the end of the 1st line display to the start of the 3rd line display. Then, the line counter
value is incremented and becomes “3.”
Figure 5.1.7 shows the example of the setup timing for the line counter and the display character data.

Start of the
3rd line display

Line counter value

The 1st line (block 1)

End of the
1st line display

CRT interrupt

The 2nd line (block 2)

The 3rd line (block 1)

The 4th line (block 2)

The 11th line (block 1)

The 12th line (block 2)

Line counter value : 2

Set 3rd line display data
by the start of 3rd line
display

!
Line counter value: 3

Fig. 5.1.7 Example of setup timing for line counter and display character data

7220 Group User's Manual
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5.1 Example of multi-line display

5.1.6 Processing time

When setting display data by a CRT interrupt, the processing time is limited.

As shown in Figure 5.1.7, a CRT interrupt occurs at the end of the first line (block 1) display and setting

for the 3rd line display is started. This setting must be completed before a scanning line reaches to the

3rd line display position. If the setting is not completed, display characters flicker or rewriting is looked.

And also, for multi-line display of 12 lines, be sure that CRT interrupts occur 12 times from a Vsvnc to the

next Vsvnc. If CRT interrupts do not occur as many times as the number of display lines, the following

causes can be assumed.

 Display position overlaps.

« CRT interrupt processing time is too long, resulting in no display of that line (2 lines after the line being
displayed).

For example, a CRT interrupt occurs at the end of the second line display in Figure 5.1.7. Within this

interrupt processing, setting for the 4th line display is completed. However, if a scanning line is over the

display position of the 4th line (that is, @ in Figure 5.1.7) during this setting, one CRT interrupt request is

deleted (or does not occur). Therefore, the line counter value is disordered and multi-line display is not

displayed correctly. In such cases, due to whatever causes, correct the value with processing@ of Vsvnc

interrupt processing (refer to “Figure 5.1.4” ). When the CRT interrupt software processing overtime causes

this state, change the display positions or shorten the CRT interrupt software processing time.
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5.1 Example of multi-line display

5.1.7 Set of multiple interrupts

(1) When not setting multiple interrupts
When two or more interrupt requests occur at the same sampling point, the interrupt with the higher
priority (refer to “2.5 Interrupts, Table 2.5.1" ) is received. This priority level is determined by
hardware but various priority processing by software can be executed using the interrupt enable bit
and each interrupt disable flag (I).
Assume, for example, that all interrupts (CRT, Vswnc, Timer 1) are enabled. When the multiple
interrupt is not set, these interrupt request bits are set to “1” and the interrupts are determined by
hardware as follows:
OCRT interrupt
OVsyne interrupt
OTimer 1 interrupt
Figure 5.1.8 shows the timing of interrupt processing when not setting multiple interrupts.
The | flag is set to “1” (all interrupts are disabled) automatically by hardware as soon as the interrupt
processing starts. Unless the | flag is cleared to “0,” other interrupt will not occur during the interrupt
processing.

CRT interrupt request bit ! —|
0 L
1 |
VsyNC interrupt request bit 0 !
e il
Timer 1 interrupt request bit 3 }
CRT interrupt processing @ 3

VSYNC interrupt processing

Timer 1 interrupt processing

Interrupt disable flag (1) |_| L

Fig. 5.1.8 Timing of interrupt processing when not setting multiple interrupts
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5.1 Example of multi-line display

(2) When setting multiple interrupts

Various priority processings are executed by enabling multiple interrupts and by setting priorities by
software. For example, to set the priority listed below;

OTimer 1 interrupt

OVsvnc interrupt

OCRT interrupt

execute the following process:

Set only interrupt enable bits (ICON1, ICON2) whose priorities are higher than the current interrupt,
and enable the interrupt disable flag (1) in only the current interrupt processing routine.

Figure 5.1.9 shows the timing when all interrupt request bits (CRT, Vsvnc, Timer 1) are “1” at the
same sampling point.

Note: When setting multiple interrupts, be sure to determine priority levels to prevent occurrence of
plural interrupts with the same priority level.

1
CRT interrupt request bit 0 —|
. 1 :
VSYNC interrupt request bit 0 |
Timer 1 interrupt request bit ! !
0 |

CRT interrupt processing

VSYNC interrupt processing

Timer 1 interrupt processing

Interrupt disable flag (1) ‘ H ‘ |_| ﬂ

Fig. 5.1.9 Timing when all interrupt request bits are “1” at the same sampling point

5-10
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5.1 Example of multi-line display

(3) CRT interrupt processing routine when setting multiple interrupts
Figure 5.1.10 shows the flowchart of CRT interrupt processing routine when setting multiple interrupts.
@andare the setting routines for multiple interrupts.

ICON1, ICON2: Interrupt control registers 1, 2
CRT_ICON1, CRT_ICON2 : Back up RAM for interrupt control
registers 1, 2 during CRT interrupt
. . . A: Accumulator
(CRT Interrupt processing routine ) X : Index register X
| Y . Index register Y
T 0 T : X modified operation mode flag
e D : Decimal operation mode flag
D <0
® I
CRT_ICON1 ~ICON1
) CRT_ICON2 ~ICON2
Set routine for ICONY (address 00FE 16) . “001000012"
multiple ICON2 (address 00FF 16) . “000000002” }e Enable Vsync and Timer 1 interrupts to
interrupts | _“Q" take priority than CRT interrupt.
I And also, be sure to disable the following interrupts:
""""""""""" | . | -CRT interrupt _ o
Push registers X, Y, A -all interrupts with lower priority than CRT
| interrupt.
Enable state of CRT interrupt processing
multiple interrupts
(VsYNC, Timer 1)
Pop the registers X, Y, A
_____________________ I
¢ [ L ~ Disable all interrupts
_ :ggu; - g§$—:ggs; }-‘_ Pop ICON 1 and 2 contents
Disable < - during CRT interrupt
multiple interrupts
‘ ( RETURN )

Fig. 5.1.10 Flowchart of CRT interrupt processing routine (when setting multiple interrupts)
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5.1 Example of multi-line display

(4) Vswc interrupt processing routine when setting multiple interrupts
Figure 5.1.11 shows the flowchart of Vsvnc interrupt processing routine when setting multiple interrupts.
@and@ are the setting routines for multiple interrupts.

ICON1, ICON2: Interrupt control registers 1, 2
V_ICONZ, V_ICON2 : Back up RAM for interrupt control
registers 1, 2 during V SYNC interrupt

. . . A : Accumulator
VSYNC interrupt processing routine X : Index register X
[ Y : Index register Y
T Q" T: X modified operation mode flag
wry D : Decimal operation mode flag
D <0
'
V_ICON1 ~ICON1
Set routine f V_ICON2 ~ICON2
miltriofe'”e or ICON1 (address 00FE 16) . “00000001 2"
interr% ICON2 (address 00FF 16) — “000000002" ~ Enable Timer 1 interrupt to
pts - )
I 0" take priority than V SYNC interrupt.
I And also, be sure to disable the following interrupts:
"""""""""""" . -VSYNC interrupt
| Push registers X, Y, A | -all interrupts with lower priority than V sync
l interrupt.
Enable state of VSYNC interrupt processing
multiple interrupts
(Timer 1)

Pop the registers X, Y, A
_______________________ I

¢ I N ~ Disable all interrupts

' :gg“% «V_ICON1 }u_ Pop ICON 1 and 2 contents
Disable ~V_ICON2 during VSYNC interrupt

multiple interrupts
( RETURN )

Fig. 5.1.11 Flowchart of Vsvnc interrupt processing routine (when setting multiple interrupts)
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5.2 Notes on programming for OSD (M37220M3-XXXSP/FP)

The emulator MCU M37221ERSS is used for programming development with the M37220M3-XXXSP/FP.
However, the functions of the M37221ERSS are compatible with those of the M37221Mx-XXXSP/FP, and
therefore has some functions which the M37220M3-XXXSP/FP does not have. Note the following differences
when programming using the M37220M3-XXXSP/FP.

5.2.1 Setting of color registers

The color registers of M37220M3-XXXSP/FP are different from those of M37221ERSS (refer to “Figures

5.2.1 and 5.2.2"). Character background colors can be output when programming with the M37221ERSS,
but not with the M37220M3-XXXSP/FP mask version. This character background color program does not
operate on the M37220M3-XXXSP/FP and therefore, it cannot output character background colors (except
character background colors by OUT signal; bit 5).

Color Reqister n

b7 b6 b5 b4 b3 b2 bl b0

Color register n (COO0 to CO3) (n = 0 to 3) [Addresses 00EG6 16 to 00E916]

o 3 3 3 3 3 3 B Name Functions After reset [ R EW
P01 r 0 1] 0 |Nothing is assigned. This bit is a write disable bit. 0 Ri—
I When this bit is read out, the value is “0.” !
.1 1 4+ 1 1 1| 1 |Bsignaloutput 0 : No character is output 0 RIW
[ A selection bit (COn1) 1: Character is output .
Lo 3 3 3 3 2 | G signal output 0 : No character is output 0 R EW
e selection bit (CONn2) 1: Character is output :
Co 3 3 o 3 | R signal output 0 : No character is output 0 R EW
P selection bit (COn3) 1: Character is output !
T 4 | Bssignal output (background) |0 : No background color is output 0 RIW
o selection bit (COn4) 1 : Background color is output (See note 1) :
o] 5 |OUT1signal output |0 Character is output 0o |RrRiw
Lo control bit (COn5) 1: Blank is output (See notes 1, 2) .
| ] 6 | G signal output (background) |0 : No background color is output 0 R EW
3 selection bit (COn6) 1 : Background color is output !
] 7 | Rsignal output (background) [O : No background color is output 0 RIW
selection bit (COn7) 1 : Background color is output  (See note 2) .

Notes 1: When bit 5 = “0” and bit 4 = “1,” there is output same as a character or border output
from the OUT1 pin.
Do not set bit 5 = “0” and bit 4 = “0.”
2: When only bit 7 = “1” and bit 5 = “0,” there is output from the OUT2 pin.

Fig. 5.2.1 Color register n (M37221ERSS)
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Color Reqister n
b7 b6 b5 b4 b3 b2 bl b0

| I I I | | | I | Color register n (COn) (n = 0 to 3) [Addresses 00E6 16 to 00E916]

3 3 3 3 3 3 3 3 B Name Functions After reset [ R EW

v 1 1 11| 0 |Nothing is assigned. This bit is a write disable bit. 0 Ri—

oro When this bit is read out, the value is “0.” !

.1 4% & 1 1 1|1 |Bsignal output 0 : No character is output 0 RIW

[ selection bit (COn1) 1 : Character is output .

3 3 3 3 3 3 2 | G signal output 0 : No character is output 0 R EW

e selection bit (COn2) 1 : Character is output !

A 3 | R signal output 0 : No character is output 0 RiW

A selection bit (COn3) 1 : Character is output '

oo 4 [Nothing is assigned. This bit is a write disable bit. 0 R E—

o When this bit is read out, the value is “0.” :

3 3 3 7777777777777777 5 | OUT signal output 0 : Character is output 0 RIW

Lo control bit (COn5) 1: Blank is output !

S 6, 7 |Nothing is assigned. These bits are write disable bits. 0 R E—
When these bits are read out, the values are “0.” !

Fig. 5.2.2 Color register n (M37220M3-XXXSP/FP)

5.2.2 Setting border selection register

The M37220M3-XXXSP/FP can output neither character background (OUT) nor border at the same time.
When setting the border selection bits (bit 0 or 2) to “1,” the border output takes over OUT (setting of
bit 5 of the color registers). Therefore, select either the character background output or the border output.

Border Selection Reqister

b7 b6 b5 b4 b3 b2 bl b0
| I I I |_| I—I | Border selection register (MD) [Address 00E516]

3 3 3 3 3 3 3 3 B Name Functions Afterreset | R W
3 3 3 3 3 3 3 L 0 [Block 1 OUT output 0: Same output as character output [ Indeterminate | R EW
Pt border selection bit (MD10) |1 : Border output !
.0 1 1 1 1 1___| 1 |Nothingis assigned. This bit is a write disable bit. 0 Ri—
A When this bit is read out, the value is “0.” .
3 3 3 3 3 3 7777777 2 | Block 2 OUT output 0: Same output as character output | Indeterminate | R } W
[ border selection bit (MD20)| 1 : Border output !
P 1 Do Nothing is assigned. These bits are write disable bits. 0 R E—

When these bits are read out, the values are “0.”

Fig. 5.2.3 Border selection register (M37220M3-XXXSP/FP)

5.2.3 Number of display characters

The M37221ERSS can display up to 24 characters in each block. However, the M37220M3-XXXSP/FP can
display only up to 20 characters in each block. Note this when programming using the M37220M3-XXXSP/
FP.
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5.3 Usage example of ROM correction function (M37221M8/MA-XXXSP)

Application example using the ROM correction function is described below. In this example, it is assumed
that the program must be changed by specifications modification after completion of ROM mask. Also,
E’PROM is connected to this system.

5.3.1 Connection example

12C-BUS
B

dZTO08WIIN
dSXXX-VINTZCCLEN
dSXXX-8NTZZLEN

<E2PROM> <Microcomputer>

Fig. 5.3.1 Connection example

5.3.2 Correction example
The following is an example when 2 addresses (2 blocks) of ROM are corrected.

(1) Correction example 1

Program before correction Correction program
Address Machine Description style Address Machine Description style
instructons_ | | (block 1) instructions

E120 A900 LDA #00H 02C0 A980 LDA #80H
E122 3A INC A 02C2 1A DEC A
E123 8D1101 STA 0111H 02C3 8D1201 STA 0112H
E126 60 RTS 02C6 1A DEC A

A\ 02C7 8D1301 DEC 0113H

02CA 4C26E1 JMP E126H I (See note)

Note: In O, E126H is specified as the return destination address of JMP.
In this example, since the instruction at the return destination address is RTS,
even if RTS is used instead of JMP, the operation is the same as that of JMP.
As a result, the number of bytes is reduced.

Fig. 5.3.2 Correction example (1)
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5.3 Usage example of ROM correction function (M37221M8/MA-XXXSP)

(2) Correction example 2

The loop processing is performed between 00 and O in Figure 5.3.3. Two examples of this part are
shown in detail. Example A corrects in loop units and example B corrects only error instructions.
Examples A and B are the same operation, differing in processing time and correction bytes only.
Depending on the contents of loop processing, it may be preferable to include correct codes with the
codes to be corrected, simplifying the correction program and making it easier to read.

When omitting FE96H () and correcting from FE98H, the program cannot move to FE96H by the
BPL instruction (the jump destination addresses of the BPL instruction are limited to bytes between
—128 and +127). Therefore, the example B is provided.

Example A
Program before correction Correction program
Address Machine Description style Address Machine Description style
instructions (block 2) instructions
FE96 9525 STA 025H, X O 02E0 9525 STA 025H, X O
FE98 CA DEX N 02E2 9D2501 STA 0125H, X
FE99 10FB BPL OFE96HO Y 02E5 3A INC A
(See note 2) 02E6 CA DEX
FE9B 60 RTS 02E7 10F7 BPL 02EOH O
Lo T (See note 2)
02E9 60 RTS (See note 1)
Example B
Correction program
Address Machine Description style
(block 2) instructions
02E0 9D2501 STA 0125H, X
02E3 3A INC A
02E4 CA DEX
02E5 3003 BMI 02EAH
(See note 2)
02E7 4C96FE JMP__FE96H
02EA 4C9BFE JMP  FE9BHO
(See note 1)
Notes 1: In O, FE9BH is specified as the return destination address of JMP.
In this example, since the instruction at the return destination address is RTS,
even if RTS is used instead of JMP, the operation is the same as that of JMP.
As a result, the number of bytes is reduced.
2: BPL and BMI, as machine instructions, have no absolute addresses, but relative
addresses as branch destinations.

Fig. 5.3.3 Correction example (2)
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5.3 Usage example of ROM correction function (M37221M8/MA-XXXSP)

5.3.3 E2PROM map

Figures 5.3.4 and 5.3.5 show the E2PROM map when using the ROM correction function. To store correction
codes by using both ROM correction functions 1 and 2, the capacity of E2PROM needs to be approximately

70 bytes.
E2PROM Contents Stored data Instructions in
address (Machine instruction) |correction program

00016 ROM correction function 1 Valid/invalid 55H

(55H: valid, others: invalid)
00116 ROM correction function 1 E1H

Execution address (high-order)
00216 ROM correction function 1 20H

Execution address (low-order)
00316 ROM correction function 1 Correction code 1 A9H LDA  #80H
00416 ROM correction function 1 Correction code 2 80H
00516 ROM correction function 1 Correction code 3 1AH DEC A
00616 ROM correction function 1 \\Correction code 4 8DH STA  0112H
00716 ROM correction function 1 Correction code 5 12H
00816 ROM correction function 1 Correction code 6 01H
00916 RNROM correction function 1 \\Correction code 7 1AH DEC A 7 Figjrf:r5t.03.2"
00A16 RROM correction function 1 Correction code 8 8DH STA  0113H
00B16 NROM correction function 1 Correction code 9 13H
00C16 [\ROM correction function 1 Correction code 10 01H
00D16 |N\ROM correction function 1 Correction code 11 ACH JMP  E126H
00E16 |\ROM correction function 1 Correction code 12 26H
00F16 |KROM correction function 1 \\Correction code 13 E1H j
01016 ROM correction function 1 Correction code 14 EAH NOP (see note)
01116 | ROM correction function1  Correction code 15 EAH NOP
01216 ROM correction function 1 Correction code 16 EAH NOP
01316 ROM correction function 1 Correction code 17 EAH NOP
01416 ROM correction function 1 Correction code 18 EAH NOP
01516 ROM correction function 1 Correction code 19 EAH NOP
01616 ROM correction function 1 Correction code 20 EAH NOP
01716 ROM correction function 1 Correction code 21 EAH NOP
01816 ROM correction function 1 Correction code 22 EAH NOP
01916 | ROM correction function1  Correction code 23 EAH NOP
01A16 | ROM correction function 1 Correction code 24 EAH NOP
01B16 | ROM correction function 1 Correction code 25 EAH NOP
01C16 | ROM correction function 1 Correction code 26 EAH NOP
01D16 | ROM correction function 1 Correction code 27 EAH NOP
01E16 | ROM correction function 1 Correction code 28 EAH NOP
01F16 | ROM correction function 1 Correction code 29 EAH NOP
02016 ROM correction function 1 Correction code 30 4CH JMP YYXXH
02116 | ROM correction function1  Correction code 31 XXH ig&fiﬁﬁ tt(\)/ ?&XH
02216 | ROM correction function1  Correction code 32 YYH (see note).

Note: When operating normally, this instruction is not executed. This is a redundant processing to
reset during program runaway.
Fig. 5.3.4 E?2PROM map when using ROM correction function (1)
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5.3 Usage example of ROM correction function (M37221M8/MA-XXXSP)

E2PROM Contents Stored data Instructions in
address (Machine instruction) |correction program
02316 ROM correction function 2 Valid/invalid 55H
(55H: valid, others: invalid)
02416 ROM correction function 2 FEH
Execution address (high-order)
02516 ROM correction function 2 96H
Execution address (low-order)
02616 ROM correction function 2 Correction code 1 95H LDA 025H, X
02716 ROM correction function 2 Correction code 2 25H
02816 NROM correction function 2 \\Correction code 3 9DH LDA 0125H, X
02916 RROM correction function 2 N\Correction code 4 25H
02A16 RKROM correction function 2 Correction code 5 01H
02B16 |NROM correction function 2 Correction code 6 3AH INC A
02C16 |\ROM correction function 2 Correction code 7 CAH DEX
02D16 |\ROM correction function 2 Correction code 8 10H BPL 02EOH
02E16 |NROM correction function 2 \\Correction code 9 F7H
02F16 |NROM correction function 2 \\Correction code 10 60H RTS
03016 ROM correction function 2 Correction code 11 EAH NOP (see note)
03116 ROM correction function 2 Correction code 12 EAH NOP
03216 ROM correction function 2 Correction code 13 EAH NOP
03316 ROM correction function 2 Correction code 14 EAH NOP
03416 | ROM correction function2  Correction code 15 EAH NOP
03516 ROM correction function 2 Correction code 16 EAH NOP
03616 ROM correction function 2 Correction code 17 EAH NOP
03716 ROM correction function 2 Correction code 18 EAH NOP
03816 ROM correction function 2 Correction code 19 EAH NOP
03916 ROM correction function 2 Correction code 20 EAH NOP
03A16 | ROM correction function 2 Correction code 21 EAH NOP
03B16 | ROM correction function 2 Correction code 22 EAH NOP
03C16 | ROM correction function 2 Correction code 23 EAH NOP
03D16 | ROM correction function 2 Correction code 24 EAH NOP
03E16 | ROM correction function 2 Correction code 25 EAH NOP
03F16 ROM correction function 2 Correction code 26 EAH NOP
04016 ROM correction function 2 Correction code 27 EAH NOP
04116 | ROM correction function2  Correction code 28 EAH NOP
04216 ROM correction function 2 Correction code 29 EAH NOP
04316 ROM correction function 2 Correction code 30 4CH JMP YYXXH
04416 ROM correction function 2 Correction code 31 XXH ggérr::: ttg t;c\t(c))(rXH
04516 ROM correction function 2 Correction code 32 YYH (see note).

Note: When operating normally, this instruction is not executed. This is a redundant processing to

reset during program runaway.

Refer to
“Figure 5.3.3
example A”

Fig. 5.3.5 E2PROM map when using ROM correction function (2)
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5.3 Usage example of ROM correction function (M37221M8/MA-XXXSP)

5.3.4 General flowchart
Figure 5.3.6 shows the general flowchart when using ROM correction function. E2PROM addresses in the
flowchart corresponds to E?PROM map (refer to “Figures 5.3.4 and 5.3.5").

C START )

I
After reset release, read the data

from E2PROM
* ROM correction function 1 (address 000 16)
Valid/invalid ~5b516: valid, others: invalid

» ROM correction function 2 (address 023 16) }
Valid/invalid

Yes No

Use ROM correction function 1 ?

* ROM correction address 1 (high-order) ROM correction enable register
address 021716 — 00116 of E2PROM (b0 at address 021B 16) — “0" (disabled)
* ROM correction address 1 (low-order)
address 021816 — 00216 of E2PROM | Store execution address Disable block 1 enable bit.

into ROM correction address 1.

Store correction codes of ROM
address 02C016 to 02DF 16 correction function 1 into ROM

~ 00316 to 02216 of E2PROM | correction memory 1 (block 1).

ROM correction enable register
(b0 at address 021B 16) — “1" (enabled)| Enable block 1 enable bit.

Yes No

Use ROM correction function 2 ?

* ROM correction address 2 (high-order) ROM correction enable register
address 021916 — 02416 of E2PROM (b1 at address 021B16) — “0" (disabled)

* ROM correction address 1 (low-order) - .
address 021A16 — 02516 of EZPROM | Store execution address Disable block 2 enable bit.

into ROM correction address 2.

address 02E016 to 02FF 16 Store correction codes of ROM

— 02616 to 04516 of E2PROM | correction function 2 into ROM
correction memory 2 (block 2).
I

ROM correction enable register
(b1 at address 021B 16) — “1" (enabled)| Enable block 2 enable bit.

I
( END )

Fig. 5.3.6 General flowchart when using ROM correction function
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5.3.5 Notes on use
When using the ROM correction function, note the following.
e Specify the first address (op code address) of each instruction as the ROM correction address.

e Use the RTS, RTI or JMP instruction (total of 3 bytes) to return from the correction program to the main
program.

e Do not set the same address to ROM correction addresses 1 and 2 (addresses 021%s to 021Aus).
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5.4 Example of |1 2C-BUS interface control (M37221Mx-XXXSP/FP)
The M37221Mx-XXXSP/FP has multi-master 12C-BUS interface. This interface, offering both arbitration lost
detection and synchronous functions, is useful for the multi-master serial communications.

This paragraph explains transmit/receive control example of E2PROM (M6M80012P) adaptable to the I?C-
BUS interface.

For details on the [2C-BUS interface, refer to “2.8 Multi-master | 2C-BUS interface.”

5.4.1 Specifications

E?PROM required: M6M80012P
Synchronous clock: internal clock
Standard clock mode: 100 kHz
Number of transfer bits: 8 bits
Data format: addressing format
Pins required: SCL1, SDA1
Direction of data transfer: MSB first

5.4.2 Connection example

SCL
P11/SCL1 SCL

SDA
Pl3/SDAl~ SDA

SCL : Serial clock
SDA : Serial data

M37221Mx-XXXSP M6M80012P
<Master> <Slave>

Fig. 5.4.1 Connection example
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5.4.3 E?PROM functions

(1) Byte write
Bytes are written by sending the START condition, slave address “AQ1s,” sub-address (1 byte), data
(1 byte), and the STOP condition from the master. Writing to the E2PROM will be started after the
master sends the STOP condition, that is, in synchronization with a rising edge of the SDA signal.
This writing will be automatically terminated by the on-chip sequential controller. In this period, no
acknowledge bits are generated.
Figure 5.4.2 shows the byte write timing.

Bus operation of ? Slave S
master side: o address (W) Sub-address (n) Data (n) 6
T \ \ v p
ERRERRRRERERERE
SDA signal |S w P
Lt
Bus operation of A A
slave side: E E E

S : START condition
P : STOP condition

ACK : Acknowledge bit
W : Write bit (0)

Fig. 5.4.2 Byte write timing

(2) Random address read

In this mode, the data of an arbitrary address is read. To set the first-read address, the master sends
the START condition, slave address “AQ1s,” and sub-address (1 byte). Upon receiving the acknowledge
bit (ACK) from the E2PROM, the master sends the RESTART condition signal and slave address
“Alis” again. After ACK is generated from the E2PROM, the data of the corresponding sub-address
is read out.

After the data is output, no acknowledge bits are generated, but the STOP condition is sent by the
master, completing this read operation.

S N
Bus operation of X Slave X HAIS
. A address (W) Sub-address (n) A Slave address (R) :C:T
master side: R N A R N ‘K:0
Tr (B W T \ P
ARRREARRR ERERRR
SDA signal S W S R P
L] LI
Bus operation of é é é\ v !
slave side: K K K Data (n)
S : START condition R : Read bit (1)
P : STOP condition RS : RESTART condition
ACK : Acknowledge bit NACK : No acknowledge bit
W : Write bit (0)

Fig. 5.4.3 Random address read timing
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5.4.4 General flowchart
The processing routines which controls I2C-BUS devices branch to the write processing routine and the
read processing routine. The data output processing routine is used as the common processing routine.

(1) Write processing routine

L L]
A N

>

O A: Accumulator
S1: 12C status register

Slave address
(W) “A016"

C | Sub-address | C Data

A .
clp S1D: I2C control register
K

enable bit

Within 10
machine

( Write start )

|
Initialization
S2 (address 00DB 16) <"110001012"
S1D (address 00DA16) <«“010010002"
[ICE (bit6 at address 00FE 16) «“0”
S1 (address 00D9 16) «"000100002"

A < Slave address (W) “A0 16"

| s1 (address 00F816) «*110000002”
| S1 (address 00F816) «“110100002” O

I eu]-n

! <0

cycles
( End )

Data output B E

BB: Bit 5 of I2C status register

Disable multi-master | 2C-BUS interface interrupt.

Setting for outputting the START condition
in data output processing routine.

Transmit the START condition and slave address (W).

Transmit sub-address and data.
Note 1: Refer to “(3) Data output processing
routine.”

Transmit the STOP condition.

Note 2: Be sure to set between S1 and S1 within

10 machine cycles.

S2: 12C clock control register

[ICE: Multi-master 12C interface interrupt

Fig. 5.4.4 Flowchart of write processing routine
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(2) Read processing routine

S1 (address 00D9 16)

~“000100002"

Setting for outputting the START condition
in data output processing routine.

(A) — Slave address (W) “A0 16"

Data output

ooo
Transmit the START condition, slave
address (W) , and sub-address.

(A) — Slave address (R) “Al16”

S1 (address 00D916) —“001000002"

Data output

Transmit the RESTART condtion and

oo slave address (R).

TRX (bit 6 at address 00D9 16) ~"0"
ACK BIT (bit 6 at address 00DB 16) — “0”

Set to receive mode
Set ACK return mode.

>
-

Immediately before

No

ACK BIT (bit 6 at address 00DB 16) —

wpn Set to non-ACK return mode.

N End of reception of

SO (address 00D716) — “FF16”

\chive byt

Yes

OlInput start
(Set dummy data to

generate clock.)

Preparation for judging of timeout.

.|
>

Timeout ? (See note 2)

Wai

PIN (bit 4 at address 00D9 16)#“1"?
No (not end)

read operation.
Yes

Y

I 1
S1 (address 00F816) “110000002”
S1 (address 00F816) ~“110100002"

| R

0

ting receive end

Store recive data to internal RAM

operation is not completed due to various

End

C )

Note 2: The timeout count is performed by software with interrupts, such as timers. Accordingly, if receive

influences, the loop continues. Therefore, if receive

operation does not complete within a certain time, 12C-BUS access is stopped by outputting STOP
condition. If | 2C-BUS access is stopped by timeout, the obtained data is incorrect data.

0 O 0 0 0 0 0 A: Accumulato_r _
A A A A - S0: 12C data shift register
S1: I2C status register
Slave address | A AlR| slave address |A A S2: 12C clock control register
(W) “A016” E Sub-address E s (R) “Al16” E Data (K: P S1D: 12C control register
IICE: Multi-master |2C interface
interrupt enable bit
BB: Bus busy flag
( Read start ) TRX: Communication mode
— I specification bit
Initialization ACK BIT: ACK bit
S2 (address 00DB16) ~ -"110001012" PIN: 12C-BUS interface interrupt
S1D (address 00DA16) . «010010002" request bit
IICE (hit6 at address 00FE 16) _ «o” Disable multi-master 12C-BUS interface. RS: Restart condition

After data is received, no
acknowledge bits are
generated, but the STOP
condition is sent by the
master, completing this

Within 10
~__ machine
/cycles

[JTransmit the STOP condition.
Note 1: Be sure to set between S1
and S1 within 10 machine cycles.

Fig. 5.4.5 Flowchart of read processing routine
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(3) Data output processing routine

The data output processing routine is the common routine within the transmit/receive processing

routine.
( Data output ) A: Accumulator
S0: 12C data shift register
| S1: 12C status register
Store the number of output bytes to internal RAM T'F‘;jf gg}:gﬁg#%gn dggggnzpﬁacg'cat'on bit
= PIN: Multi-master 12C interface interrupt
enable bit
S0 (address 00D7 16) — Data to be output LRB: Last receive bit
The first byte ?
Output A.
S1 (address 00D916) — 111100002
: S An error occurs when data

Preparation for judging timeout. transmit does not end within a
certain period.
TRX = 0 :°\_ arbitration lost is

such as timeout occurs 7 AL=1: detected (error)
TRX (bit 6 at address 00D9 16)£“0” or
AL (bit 3 at address 00D9 16)#“1” ? Error
No error
=1 (Not yer) 1-byte data transmit completes?

PIN (bit 4 at address 00D9 16) # “1” 2

Stop judging of timeout.

=0 (Completion of 1-byte data transmit)

END

C )

=1 (No ACK)
LRB (bit O at address 00D9 16) # “1” 2 o
No ACK?
=0 (ACK)
Store the next datato A
The last byte ?
( END )

Fig. 5.4.6 Flowchart of data output processing routine
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5.5 Example of | 2C-BUS control by software (M37220M3-XXXSP/FP)

Althogh, the M37220M3-XXXSP/FP has no multi-master 12°C-BUS interface, it can control single-master I12C-

BUS by software. Most TV systems can be controlled in this way.

This paragraph explains transmit/receive control example of a single-chip color TV signal processor (M52340SP)

adaptable to the I2C-BUS interface.

5.5.1 Specifications

e Single-chip color TV signal processor
Number of transfer bits: 8 bits

Data format: addressing format

Pins required: P21, P20

Direction of data transfer: MSB first

5.5.2 Connection example

required: M52340SP

P20/ScLk

P21/Sout

<Master>

SCL

M37220M3-XXXSP/FP

SCL
SDA
) SDA
M52340SP
<Slave>

SCL : Serial clock
SDA : Serial data

Fig. 5.5.1 Connection example
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5.5.3 Single-chip color TV signal processor function

(1) Status read
Status is read by sending the START condition, slave address “BBis.” After ACK is generated from
the M52340SP, the status data is read out. After the status data is output, any acknowledge bit is
not generated, but the STOP condition is sent by the master. Then this read operation is completed.

s N
B tion of A ais
us operation ot A gave address (R) EEET
master side: R N aYe)
T \ P
ERERER
SDA signal |S R P
L
. A v /
Bus operation of C
slave side: K Data (n)

S : START condition
P : STOP condition
ACK : Acknowledge bit
R : Read hit (1)
NACK : No acknowledge bit

Fig. 5.5.2 Staus read timing

(2) Byte write
Bytes are written by sending the START condition, slave address “BAss,” sub-address (1 byte), data
(1 byte), and the STOP condition from the master.

Bus operation of % Slave S
master side: é address (W) Sub-address (n) Data (n) (-5
Tr \ 7 \ 7 \ P
LTI P rTTTd
SDA signal |S W P
HENEEEEEEENEEEE
Bus operatiop of é é é
slave side: K K K

S : START condition
P : STOP condition

ACK : Acknowledge bit
W : Write bit (0)

Fig. 5.5.3 Byte write timing

7220 Group User's Manual 5-27



APPLICATION
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5.5.4 General flowchart

(1) Write processing routine
The processing routine which controls 12C-BUS devices branch to the write processing routine and

the read processing routine. The START condition, the STOP condition and the data output processing
routine are used as the common processing routine.

0 [ [ 1 O
A A A
/- Y~ -
Slave address é Sub-address é Data é P
(W) “BA16” K K K
( Write start ) RAM: WRITEDATA

| NO ACK COUNTER

WRITE DATA COUNTER
“WRITEDATA” Flag: F_ACK

~ Slave address (W) “BA 16"

“WRITE DATA COUNTER”
="1" (number of write bytes)
“NO ACK COUNTER” =*“0"

-

START condition 0
[

Data output O

No (no ACK)

“F_ACK” = “0"?

Yes (ACK)

“WRITEDATA” — Sub-address

Data output a

-
-

No (no ACK)

“F_ACK” = “0"?

STOP condition

“NO ACK COUNTER”
~“NO ACK COUNTER” + 1

Yes (ACK)

“WRITE DATA
OUNTER” ="0"?

No (not yet)

Yes (end)

NO ACK COUNTER”

) >"3"? .
No (try 3 times) Yes (give up) STOP condition U “WRITEDATA” — Write data
|
| |
a
Bus H Data output
| “WRITE DATA COUNTER”
( End )  “WRITE DATA COUNTER" - 1

Fig. 5.5.4 Flowchart of write processing routine
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(2) Read processing routine

0 0O O 0 0 ) oo
A A A (See note 1)
Slave address é Sub-add é R| Slave address é Dat R
(W) “A016” || SUPRAAIESS | gl RysALe | alelP
RAM: WRITEDATA
NO ACK COUNTER
Read start READ DATA COUNTER
Flag: F_ACK

To M52340SP ?
(See note 2)
Yes (sub-address is not necessary at reading)

No (to other devices (cf. E2PROM))

“WRITEDATA”
~ Slave address (W) “A0 16"

“NO ACK COUNTER” =*0"

=

START condition g
|

Data output g

No (no ACK)

Yes (ACK)

“WRITEDATA" .- Sub-address
I

Data output 0

No (no ACK)

Yes (ACK) |<

START condition |

“WRITEDATA"
~ Slave address (R) “Al16”

Data output O
Notes 1: NACK = No ACK
2: Branches according to whether the
device needs sub-address or not.

No (no ACK)

Yes (ACK)

-
-

Data input O

STOP condition
“READ DATA No (not yet)

COUNTER” =“0"?

“NO ACK COUNTER"
- "NO ACK COUNTER" + 1 Yes (end)
Return NACK ]
NO ACK COUNTER” |
No (try 3 ti 237 Y i
o (try 3 times) es (give up) STOP condition g Return ACK
= |
Bus H “READ DATA COUNTER”
- “READ DATA COUNTER’ — 1

R e

Fig. 5.5.5 Flowchart of read processing routine
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(3) Data output processing routine
The data output, the START condition, the STOP condition, and the bus H processing routines are
the common routines within the transmit/receive processing routine.

RAM: WRITEDATA
Data output BIT COUNTER
| Flag: F_ACK

Bit O of port P2 direction register
="output mode”
“BIT COUNTER” =“0"

Rotate “WRITEDATA” left
with Carry flag

No

Carry flag = “1"?

P20 (SDA) =“1” P20 (SDA) =“0”
|

[
P21 (SCL) =“1"
Wait 6 ps
P21 (SCL) =“0"
“BIT COUNTER”
~“BIT COUNTER” + 1

No “BIT COUNTER”

> 8"

Bit O of port P2 direction register
= “input mode

Wait 6 ps
P21 (SCL) ="“1"
Wait 6 ps

No

P20 (SDA) = “1"?

Yes |

F_ACK ="1" F_ACK =*0"

|< ]
P21 (SCL) = “0”

( RETURN )

Fig. 5.5.6 Flowchart of data output processing routine
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(4) START condition processing routine

( START condition )

P20 (SDA) =“1”
Bit O of port P2 direction register
="“output mode”

Wait 6 us
P21 (SCL) =“1"
P20 (SDA) =“0"
Wait 6 us
P21 (SCL) =“0"

( RETURN )

Fig. 5.5.7 Flowchart of START condition processing routine

(5) STOP condition processing routine

( STOP condition )

Bit O of port P2 direction register
="output mode”

P20 (SDA) = “0”
P21 (SCL) = “1”
Wait 6 us

P20 (SDA) = “1”

( RETURN )

Fig. 5.5.8 Flowchart of STOP condition processing routine

(6) Bus H processing routine

C e O

Bit 0 of port P2 direction register
="“output mode”

P21 (SCL) =“1”
Wait 6 us
P20 (SDA) =“1"

C RETURN )

Fig. 5.5.9 Flowchart of bus H processing routine
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(7) Data input processing routine

( Data intput )

Bit O of port P2 direction register
="“input mode”
“

“BIT COUNTER”

No

>

P21 (SCL) =*1"
Wait 6 us

No

RAM: READDATA
BIT COUNTER

P20 (SDA)

Carry flag = “1”

Carry flag = “0”

|

Rotate “READDATA”"

with Carry flag, to left
P21 (SCL) =“1"
“BIT COUNTER”

~“BIT COUNTER” + 1

“BIT COUNTER”

> 8"

( RETURN )

Fig. 5.5.10 Flowchart of data input processing routine
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(8) Return ACK processing routine

( Return ACK )

Bit O of port P2 direction register
="output mode”

P20 (SDA) =“0"
Wait 6 us
P21 (SCL) =“1"
Wait 6 us
P21 (SCL) =“0"

( RETURN )

Fig. 5.5.11 Flowchart of return ACK processing routine

(9) Return NACK processing routine

( Return NACK )

Bit O of port P2 direction register
="“output mode”

P20 (SDA) =“1"
Wait 6 us
P21 (SCL) =“1"
Wait 6 us
P21 (SCL) =“0"

( RETURN )

Fig. 5.5.12 Flowchart of return NACK processing routine
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5.5.5 Data setting according to key processing
Examples of the M52340SP settings, corresponding to each actual TV set key input, are described below.

(1) “Power ON/OFF key” input
When power supply is supplied to the
M52340SP by this input, the data is set to all
registers (at sub-addresses “001" to “1316").

(2) “Tuning and search-related keys” (CH Table 5.5.1 Data setting at tuning and searching
UP/DOWN key, CH direct selection key) input Sub-address Bit Data
When tuning, the c.oIor system dgta (refer to 0910 D5 TRAP
“Table 5.5.10" ) is set according to the
determination result of the color system by D4 DBF
the status data register (refer to “Table 5.5.1" ). D1 DFA
Also, the corresponding data is set when the 0616 DO, D1 DL TIME
color system search-related keys are input.

However, note that the above-mentioned setting
is valid only when setting AUTO (bit 5 at sub-
address 0616, write data) to “0.” When setting
to “1,” the data is automatically set inside the
M52340SP.

When tuning, the data is set as shown in Table
5.5.1.

(3) “Volume UP/DOWN key” input Table 5.5.2 Data setting at “volume UP/DOWN key”
When the volume up/down key is input, the input
data is set as shown in Table 5.5.2. Sub-address Bit Data

0316 DO to D6 AUDIO ATT

(4) “Screen-size-related keys” input Table 5.5.3 Data setting at “screen-size-related
When the screen-related keys are input on keys” input
TVs with various screen sizes (wide aspect Sub-address Bit Data
TV, etc.), the screen size data and position 0916 D3 to D6 H PHASE
data is set as shown in Table 5.5.3. Also, the
data of each frequency (50 Hz or 60 Hz) is
occasionally held.

(5) “Picture data control key” and “Picture Table 5.5.4 Data setting at “picture data control
memory switching key” input key” and “picture memory switching
When changing picture data, the data is set key” input
to the c_:orrespondmg write data register as Subaddress = Sota
shown in Table 5.5.4.

0416 DO to D5 SHARPNESS
0516 DO to D6 CONTRAST
0716 DO to D6 TINT
0816 DO to D6 COLOR
0Aus DO to D6 BRIGHT
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(6)

()

(8)

(9)

Data setting when changing AFT (auto fine
tuning) state

To change the state of auto fine tuning at
presetting CH and ordinary tuning, the bit is
set as shown in Table 5.5.5.

Data setting when changing audio mute
state

When the audio mute key is input, the bit is
set as shown in Table 5.5.6. If it is necessary
to delete the sound while tuning with the tuning
key input or presetting CH, the bit is set as
shown in Table 5.5.6.

Data setting when changing video mute
state

When muting the video on screen while tuning
with the tuning key input, the bit is set as
shown in Table 5.5.7.

Data setting when adjusting white
balance

When adjusting the TV picture in the factory,
set the data shown in Table 5.5.8 to ready
the service mode for adjusting the white color.

APPLICATION
5.5 Example of | 2C-BUS control by software (M37220M3-XXXSP/FP)

Table 5.5.5 Data setting when changing AFT state

Sub-address

Bit

Data

0416

D6

DEFEAT

Table 5.5.6 Data setting when changing audio mute

state

Sub-address

Bit

Data

0116

D6

A MUTE

Table 5.5.7 Data setting when changing video mute

state

Sub-address

Bit

Data

OB1s

D6

MUTE

Table 5.5.8 Data setting when adjusting white color

balance

Sub-address

Bit

Data

1316

D3

SERSW
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5.5.6 Flowchart of data setting according to key processing
Figures 5.5.13 to 5.5.15 show the flowcharts of controlling the M52340SP when there are various event

inputs to the actual TV system.

(1) Poweron processing by “power key“ input

( Power on )

Wait for stabilizing time to supply
power source.

«Set write data register of M52340SP

*To mute video and audio;
MUTE (D6 at sub-address 0B 16) — “1”
A MUTE (D6 at sub-address 01 16) - “1”

I
Related processings:
*OSD when power on
*\Write last data to E2PROM
, etc.

Wait for muting time

To release mute of picture and sound:
MUTE (D6 at sub-address 0B 16) — “0”

A MUTE (D6 at sub-address 01 16) — “0”
I

( END )

Fig. 5.5.13 Flowchart of poweron processing
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(2) “CH UP/DOWN key" input processing

( CH UP/DOWN )

To mute video and audio:
MUTE (D6 at sub-address 0B 16) — “1”

A MUTE (D6 at sub-address 01 16) — “1”

I
Related processings:
*Changing CH
*OSD when changing CH
*Write last data to E2PROM
, etc.

Set the following (color system):
«3.58 (D2 at sub-address 09 16)
*NTSC (D1 at sub-address 02 16)
*SECAM (DO at sub-address 09 16)

Wait for muting time

To release mute of picture and sound,;
MUTE (D6 at sub-address 0B 16) — “0”
A MUTE (D6 at sub-address 01 16) - “0”

C END >

Fig. 5.5.14 Flowchart of “CH UP/DOWN key” input processing
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(3) Processing of “picture memory switching key“ input

( Picture memory switching )
I
Related processings:

*Read out picture data from RAM
*Changing picture data

*OSD when switching picture memory
*Write last data to E2ZPROM

, etc.

Set the following according to

each picture memory mode:
*SHARPNESS (DO to D5 at sub-address 04 16)
*CONTRAST (DO to D6 at sub-address 05 16)
TINT (DO to D6 at sub-address 07 16)
*COLOR (DO to D6 at sub-address 08 16)
*BRIGHT (DO to D6 at sub-address 0A 16)

GRS

Fig. 5.5.15 Flowchart of “picture memory switching key” input processing
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5.5.7 Register map

The M52340SP has 2 kinds of registers; the status data register and the write data registers.

(1) Status data register

The status data register indicates various signal state from the M52340SP side. The state is confirmed

by regularly reading each bit.

Status data register
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | |_| Status data register

I Name Functions After reset RW
1 1+ [0 |Colorsystem determination bit0 |0 : Under determination 0 Ri—
R (CONDITION) 1 : Determination is completed :
A R Color system determination hit 1 b2 | bl | Image system 0 R:W
o (SECAM) 0 | 0 PAL ;
A 0 1 SECAM '
S — 2 | Color system determination bit 2 1 0 NTSC 0 R:W
Co (NTSC) 1|1 SECAM ;
I N . 3 [3.58/4.43 determination bit 0: 4.43 MHz 0o [Riw
oo (3.58) 1:3.58 MHz :
4 | AFT signal detection —A 0 |RiwW
S A bit 0 (AFTO) 3 A VR :
o m A :
Lo < A :
Lo = R S :
R S 5 | AFT signal detection [ T T > 0 |RwW
bit 1 (AFTL) 100$Hz vfo 1v00kHz Freq. !
L D5:AFTL] 1 [ 1[0 0 :
D4: AFTO| 1 010 1
RSN, 6 |[Synchronous presence 0 : Without synchronization 0 R:W
! determination bit (COINCIDENCE) |1 : It is synchronization
] 7 | Frequency determination bit 0:50Hz 0 R W

(50/60) 1:60 Hz :

Fig. 5.5.16 Status data register
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m Bit 0: Color system determination bit 0 (CONDITION)

This bit indicates whether the color system is being determined or not. Figure 5.5.16 shows the
state of determination, according to the bit, when AUTO (bit 5 at sub-address 0616, write data) is
set to “1.” When AUTO (bit 5 at sub-address 0616, write data) is set to “0,” bit O is invalid as the
color system is not determined automatically.

Bit 1: Color system determination bit 1 (SECAM)
Bit 2: Color system determination bit 2 (NTSC)
These bits determine the color system.

Bit 3: 3.58/4.43 determination bit (3.58)
This bit determines whether a color signal sub-carrier of the color system is 3.58 MHz or 4.43 MHz.

Bit 4. AFT signal detection bit 0 (AFTO)
Bit 5: AFT signal detection bit 1 (AFT1)
These bits detect the level of the auto fine tuning signal.

Bit 6: Synchronous presence determination bit (COINCIDENCE)
This bit determines whether Pin H.OUT output is synchronized with the video signal or not.

Bit 7: Field Frequency determination bit (50/60)
This bit determines whether the field frequency is 50 Hz or 60 Hz. According to the state of this
bit, the display position or a vertical direction size of video can be changed.

5-40
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(2) Write data register

Write data reqister

[Sub-address D6 D5 D4 D3 D2 D1 DO
POSINEG DELAY ADJ
AMUTE VCO ADJ
TRAP DBF _ DFA 4.5/6.0
AUDIO ATT
DEFEAT SHARPNESS

CONTRAST

TVIEXT DL TIME
H PHASE 3.58 NTSC SECAM
BRIGHT

DRIVE R

DRIVE B
0OD16 CUT OFFR
OE16 CUT OFF G
OF16 CUT OFF B
1016
1116
1216
1316

[ : No function

Fig. 5.5.17 Map of write data register
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DELAY ADJ
This adjusts the RF AGC delay point. The output level of tuner decreases when the value
increase, the output level increases when the value decreases.

POS/NEG
This switch sets the VIF output signal to either the positive or the negative modulation signal.
When “0,” the negative modulation signal is selected; when “1,” the positive modulation signal is
selected.

VCO ADJ
This register changes the free running frequency of VIF VCO. The frequency increases when the
value increases, the frequency decreases when the value decreases.

A MUTE
This is the audio mute ON/OFF.

4.5/6.0
This bit must be set to “1” when the sound carrier frequency is 4.5 MHz. Set “0” when the
frequency is other values.

DFA, DL TIME

In order to adjust the color signal and the luminance signal is delayed using the on-chip delay-line.
The DL TIME register adjusts the delay approximately, and the DFA register performes the fine
adjustments. When DFA is “1,” actual delay time is +50 ns; when “0,” it is +0 ns. For relationship
between DFA and DL TIME, refer to “Table 5.5.9.”

Table 5.5.9 Relationship between DFA and DL TIME

Data DL DL DFA Actual
TIME1 | TIMEO delay time
0 0 0 0 170 ns
1 0 0 1 120 ns
2 0 1 0 330 ns
3 0 1 1 280 ns
4 1 0 0 410 ns
5 1 0 1 360 ns
6 1 1 0 490 ns
7 1 1 1 440 ns

DBF

The M52340SP has 2 TRAP; the second TRAP extends the bandwidth of the TRAP, described
below. DBF is the ON/OFF switch for the second TRAP. When “1,” it is on; when “0,” it is off. DBF
is used in SECAM and other methods.

TRAP

This is the TRAP ON/OFF switch for taking out the luminance signal (Y-signal) by Y/C separation
(Y = Y-signal, C = color signal) of the composite video signal. When “1,” it is on; when “0,” it is
off.

AUDIO ATT
Data is set (“0” to “127") to change the volume.
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SHARPNESS, CONTRAST, TINT, COLOR, BRIGHT

Data is set to change the picture data.

Some TVs have a picture mode function (such as the movie mode, standard mode), the fixed data
is set according to the mode. Accordingly, it is necessary to change the picture data when changing
the picture mode.

DEFEAT
This switch turns DEFEAT off when AFT is on, and vice versa.

TVIEXT
This selects either a TV’s signal or an external device’s signal. This bit should be set to “0” when
TV’'s signal is selected and set to “1” when an external device’s signal is selected.

AUTO
This determines whether the automatic determination of the color system is used or not. When
AUTO is “0,” manual determination is set; when “1,” determination is performed automatically.

3.58/NTSC/SECAM

When setting AUTO (bit 5 at sub-address 0616, write data) to “1,” these bits are automatically set
inside the M52340SP. When setting AUTO to “0,” it is necessary to set the data shown in Table
5.5.10, according to the color system.

Table 5.5.10 Setting of color system (at sub-address
0916, write data)

Color system D2 D1 DO
3.58 NTSC SECAM

PAL 0 0 0

SECAM 0 0 1

NTSC3.58 1 1 0

NTSC4.43 0 1 0

H PHASE

The picture’s horizontal position is adjusted. Data is given every 50 Hz or 60 Hz and the data is
set when frequency changes. For wide TVs etc., data is given for each screen size mode, and the
data is set when the screen size mode changes.

DRIVE R, DRIVE B
Data is used to adjust the output amplitude ratio of R, G and B signals. Since G is the fixed data,
its ratio is adjusted by R and B.

MUTE
This is the video mute ON/OFF switch.

CUT OFF R, CUT OFF G, CUT OFF B
Data is used to adjust the output DC level of R, G and B signals.

F TRAP
This register performes the fine adjustments to the trap frequency of TRAP for Y/C separation.
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m SERSW
This switch is for white balance adjustments of the TV picture in the factory. When SERSW is “0,”
it is OFF; when “1,” it is ON.

m HST
This switch stops horizontal oscillation. When HST is “0,” the oscillation continues; when “1,” it
stops.

m AFCG
This switch increases AFC gain. When AFCG is “0,” AFC gain is normal; when “1,” it is high.
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5.6 Application circuit example

5.6.1 Application circuit example 1

(sisseyos sng-o;

) T ajdwexa 1naJd uoneodyddy 1°9°G "Hi4

‘(z a|dwexa uoneoidde 0) Jaja1) %
320|9 Ulew WwoJj paulelqo osfe

aq ued dso 1o} uone||Is

1959y
440/NO Jamod
31NN

abueyoxe OIAINAL ﬁ
abueyoxa xajdnjnw punos %
L

1Nno
d
9
<]

ONASA
ONASH

A3aTH3INIL N

09yl 910N

1

-

(e}

|01U0D Boueley

v

|01UOD B|09I]

<

jonuod sseg o |7idijij §8ed MG
19y ssed mo
1oun AIVO
110913 d4HN
H-4HA

BUUIUY % T4

HA

¢3S0
T0SO

1353y
szd
ozd
90d
s0d
v0d
€0d
1no

ONASA
ONASH

9¢d

CNMd
TAMd
ONMd

v-a
ved
€¢d
¢ed
Ted

SSAND SSA

1nox

NIX

ca-v

av

Ted
0ed

M37221Mx-XXXSP/FP

Tvas
T10S

TLNI

20/

AV
INL | MOd

oL

O O[] @
(B[R
T
o
vas 4
10s W
Ll
T
- o
indu
Ia— vxm_%_:e punos vas m
108 Q)
Y]
=
vas
sng D¢l 10S
||

Jayidwe-ald M
S

dOXXX-ANGECYEN

19]|0J1U0D 310wy

(‘uonrewloyul
SNOUOIYIUAS pue D4y
Buipnjoul os|y "|o1u09 W
pue 1senuod ‘ssauybliq
£10]09 ‘awinjoA Buipnjouy)
Jossad0ud [eubis

Al 10j02 diyo-a|buis

E2PROM
M6M80012P/22P

(1oz1S84IUAS BbeYOA) SISseyd SNg-Ozl

5-45

7220 Group User’'s Manual



APPLICATION

5.6 Application circuit example

5.6.2 Application circuit example 2
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6.1 Package outline

6.1 Package outline

42P4B Plastic 42pin 600mil SDIP
EIAJ Package Code JEDEC Code | Weight(g) | Lead Material |
SDIP42-P-600-1.78 — | 4.1 |Alloy 42/Cu Alloy|
Scale : I3
® @ 4
MATSIATATATANARATANATATATRATATANATRINTN T 1
o Of w
gUUUUUUUUUUUUUUUUUUU5 —
@
Dimension in Millimeters
Symbol a0 Nom Max
D A — — 55
Al 0.51 — —
. A2 — 38 —
< Iul < b 0.35 0.45 055
1 1 b1 0.9 1.0 1.3
| T [ o i T | - I ------------- b2 0.63 0.73 1.03
- Vi g c 0.22 0.27 0.34
SR | 4 D | 365 36.7 36.9
E 1285 | 130 13.15
' ‘ G b1 b b2 e — 1.778 —
o (el — 15.24 =
SEATING PLANE L 3.0 - —
6 0° — 15°
42P2R—A Plastic 42pin 450mil SSOP
EIAJ Package Code JEDEC Code Weight(g) | Lead Material |
SSOP42-P-450-0.80 - 0.63 |Alioy 42/Cu Alloy|
Scale : el b2
i T T
® ) i
AN latafafitatidilllatatatadititililils ~ I
— el = ’ B
of —-—r—-—
o O e
F Recommended Mount Pad
O g
Yy ™~ Dimension in Millimeters
Symbol -
L HEHHHHEEEEEEEEHHEHERY < S 2 i T Nom [ wax
@ @ :
A AL 0.05 - -
A - 2.0 -
b 0.35 04 05
D c 0.13 0.15 02
D 17.3 175 17.7
E 8.2 8.4 8.6
i e — 0.8 -
HE 11.63 11.93 12.23
L 0.3 05 0.7
@—u- oLy —H- 0 L - 1765 | -
y — - 0.15
6 0 - 10°
b2 - 05 -
Detail F L?—;] 1;7 11':13 —
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6.2 Termination of un used pins

Table 6.2.1 Termination

of unused pins

Pin

Input/

M37221Mx-XXXSP/FP

M37220M3-XXXSP/FP Output

Termination

P0o/PWMO—P0s/PWM5

PO0s/INT2/A-D4 O
PO7/INT1
P1os/0OUT2 Plo
P1./SCL1 Pl.
P1./SCL2 Pl
P1s/SDA1 Pls
P14/SDA2 P14
P1s/A-D1/INT3 Set the port direction registers for the input
P1s/A-D2 Vo mode and pull-down through a resistor.
P17/A-D3
P20/Scik
P21/Sour N
P22/Sin
P2s/TIM3
P24TIM2
P2s—P27
P30/A-D5 P30/A-D5/DA1
P31/A-D6 P30/A-D6/DA2
P3: O
P3s:/0SC1
P34/0SC2 .
O Input Pull-down through a resistor.
Hsyne
Vsyne
P52/R
P5s/G 0
P54/B
P5s/OUT1 P5s/OUT Output | Open
Xout
D-A D

O It is the same as M37221Mx-XXXSP/FP.
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6.3 Notes on use
Notes on programming and equipping when using M37221M6-XXXSP/FP are described below.

6.3.1 Notes on processor status register

(1)

(2)

Initialization of processor status register
The contents of processor status register (PS)
are undefined except the | flag (I = “1")
immediately after reset. Therefore initialize the
flags that affect execution of a program.
Especially be sure to initialize the T and D
flags because they have an important effect
on calculations.

How to refer to processor status register
When referring to the processor status register
(PS) contents, execute the PHP instruction to
push the processor status register contents
into the stack (S) + 1. And then read the
contents of stack (S) + 1.

If necessary, execute the PLP instruction to
pull the pushed PS contents. In that case, be
sure to execute the NOP instruction immediately
after the PLP instruction.

Initialization of flags

!

Main program

Y

Fig. 6.3.1 Initialization of flags in PS

(S)

(S)+1

Pushed PS

/\/

Fig. 6.3.2 Stack contents after PHP instruction

execution

Execute PLP instruction

Execute NOP instruction

Fig. 6.3.3 Note when executing PLP instruction
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6.3.2 Notes on decimal operation

(1) How to execute arithmetic operation
instructions in decimal operation mode ‘
To calculate in decimal notation, set the decimal
operation mode flag (D) to “1” by using the Set the decimal mode flag D
SED instruction, and execute the ADC and to “1”
SBC instructions. After that, execute at least
one instruction to execute the SEC, CLC, or |
CLD instruction. Execute ADC or SBC instruction

Execute NOP instruction

(2) Status flags in decimal operation mode
When the ADC or SBC instruction are executed
in decimal operation mode (D flag = “1"), the |
N, V, and Z flags are invalid. Execute SEC, CLC, or CLD instruction
The carry flag (C) is set to “1” when a carry ‘
occurs as a result of an arithmetic operation,
or is cleared to “0” when a borrow occurs.
Therefore, the carry flag can be used to
determine whether a carry or a borrow has
occurred or not. Be sure to initialize the C
flag before each arithmetic operation.

Fig. 6.3.4 Note in decimal arithmetic operation

6.3.3 Notes on Interrupts
(1) Executing BBC or BBS instruction
When executing the BBC or BBS instruction
to an interrupt request bit immediately after Clear the interrupt request (request distinguish)
this bit is set to “0” by using a data transfer bit to “0” (no interrupt issued)
instruction™, execute one or more instructions

before executing the BBC or BBS instruction. Y
NOP (one or more instructions)
Reason v

If the BBC or BBS instruction is executed
immediately after an interrupt request bit of
an interrupt request register is cleared to “0,”
the value of the interrupt request bit before
being cleared to “0” is read.

Execute BBC or BBS instruction

O1: data transfer instructions: LDM, LDA, STA. Fig. 6.3.5 Execution of BBC or BBS instruction

STX, and STY instructions
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(2) How to switch an external interrupt detection
edge
For the products able to switch the external
interrupt detection edge, switch it as Figure
6.3.6. Clear an interrupt enable bit to “0” (interrupt disabled)
Reason _ ¢4 :
The interrupt circuit recognizes the switching Switch the detection edge
of the detection edge as the change of external ¢4
input signals. This may cause an unnecessary ) _
int i Clear an interrupt request bit to “0”
Interrupt. (no interrupt request issued)
Set the interrupt request bit to “1” (interrupt enabled)
Fig. 6.3.6 Sequence for switching an external
interrupt detection edge
6.3.4 Notes on serial 1/0
(1) Initialization for the serial 1/O
For the serial 1/O interrupt, initialize as Figure
6.3.7. Clear the serial I/O interrupt enable bit to “0”
) . ) (interrupt disabled)
(2) Write transmit data to transmit buffer
When an external clock is used as the ¢'
synchronous clock for the clock synchronous Select the serial I/O mode
serial I/O, write the transmit data to the serial (set the serial I/O port selection bit to “1")
I/O shift register at HIGH of the transfer clock ¢,
input level. . .
NOP (one or more instructions)
Clear the serial I/O interrupt request bit to “0”
(no interrupt request issued)
Set the serial I/0O interrupt enable bit to “1”
(interrupt enabled)
Fig. 6.3.7 Initialization for serial I/O
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6.3.5 Notes on timer
When a timer value is read, “the timer value at read timing + 1" may be read.

Reason

Figure 6.3.8 shows the relation between timer values and their values read. Timer values are changed at
the rising edge of the count source, but the values read are counted down at the falling edge of the count
source. Therefore, “the timer value + 1" may be read in some read timings.

Figure 6.3.9 shows the relation between timer values and their values read when two 8-bit timers are
connected in series. In this example, timers 1 and 2 are connected in series and an overflow signal of
timer 1 is used as the count source of timer 2. The timer 2 values read are counted down at the falling
edge of the count source. When timers 1 and 2 are used as a single 16-bit counter, the timer 2 values
read take the same value at timing A and B (or at timing C and D) as shown in Figure 6.3.9. This is
because the count source of timer 2 changes at the falling edge of the count source of timer 1.

e earce | LTI st e isisinininininininin
source count
source

Tmerl 7T To [FF[ 2 [0 [FE[ 2 [0 [FF[ 1]

TimervalueJ 1 I 0 IFFI 1| OIFFI 1 I 0

Timer value read J2| 1 [ 0 IFFI 1 [ 0 IFFI 1 [

T Timer 1
Interrupt request Writing to i i value read
timer 1 Timer 1 Writing to

interrupt timer 1 l
request

Timer 2

count L]

Fig. 6.3.8 Relation between timer values and their source

values read (timer setting value = 2) Timer 2 |
value :

2]1[0]FF]1]0[FF[1[0lFF|T

v v
ainn

_FF
o
D:

Timer 2 l
value read 1 0 L

Timer2 " Writing to l

interrupt  timer 2
request

FE__[o

Fig. 6.3.9 Relation between timer values and their
values read when two timers are
connected in series (timers 1 and 2
are connected, timer 1 setting value
= 2, timer 2 setting value = 1)
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6.3.6 Notes on A-D comparator

(1) Signal source impedance for analog input
Make the signal source impedance for analog input low, or equip an analog input pin with an external
capacitor of 0.01 uF to 1 uF. Further, be sure to verify the operation of application products on the
user side.

Reason

An analog input pin includes the capacitor for analog voltage comparison. Accordingly, when signals
from signal source with high impedance are input to an analog input pin, charge and discharge noise
generates. This may cause the A-D comparison precision to be worse.

(2) Note during an A-D conversion
The comparator consists of a capacity coupling, and a charge of the capacity will be lost if the clock
frequency is too low. Thus, make sure the following during an A-D comparison.
o f(Xiv) is 500 kHz or more
e Do not execute the STP instruction and WIT instruction

6.3.7 Note on RESET pin

In case where the RESET signal rise time is long, connect a ceramic capacitor or others across the RESET
pin and the Vss pin. And use a 1000 pF or more capacitor for high frequency use. When connecting the
capacitor, note the following :

e Make the length of the wiring which is connected to a capacitor as short as possible.

e Be sure to check the operation of application products on the user side.

Reason
If the several nanosecond or several ten nanosecond impulse noise enters the RESET pin, it may cause
a microcomputer failure.
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6.3.8 Notes on input and output pins

(1)

(2)

Fix of a port input level in stand-by state

In stand-by state™ for low-power dissipation, do not make input levels of an input port and an /O
port “undefined,” especially for 1/O ports of the P-channel and the N-channel open-drain.

Pull-up (connect the port to Vcc) or pull-down (connect the port to Vss) these ports through a resistor.
When determining a resistance value, note the following points:

e External circuit

e Variation of output levels during the ordinary operation

When using built-in pull-up or pull-down resistor, note on varied current values.
e When setting as an input port : fix its input level
e \When setting as an output port : prevent current from flowing out to external

Reason

Even when setting as an output port with its direction register, in the following state :

e N-channel...... when the content of the port latch is “1”
the transistor becomes the OFF state, which causes the ports to be the high-impedance state. Note
that the level becomes “undefined” depending on external circuits.
Accordingly, the potential which is input to the input buffer in a microcomputer is unstable in the
state that input levels of a input port and an I/O port are “undefined.” This may cause power source
current.

02 stand-by state : the stop mode by executing the STP instruction
the wait mode by executing the WIT instruction

Modify of the contents of 1/O port latch
When the port latch of an 1/0 port is modified with the bit managing instruction™, the value of the
unspecified bit may be changed.

Reason
The bit managing instructions™ are read-modify-write form instructions for reading and writing data
by a byte unit. Accordingly, when these instructions are executed on a bit of the data register of an
I/0 port, the following is executed to all bits of the data register.
e As for a bit which is set for an input port :

The pin state is read in the CPU, and is written to this bit after bit managing.
e As for a bit which is set for an output port :

The bit value is read in the CPU, and is written to this bit after bit managing.

Note the following :

e Even when a port which is set as an output port is changed for an input port, its data register holds
the output data.

e As for a bit of which is set for an input port, its value may be changed even when not specified
with a bit managing instruction in case where the pin state differs from its data register contents

03 bit managing instructions : SEB, and CLB instruction

6.3.9 Note on JMP instruction

When using the JMP instruction (the indirect addressing mode), do not specify the last address in a page
as an indirect address.

Memory (addresses 000016 to FFFFi6) is separated into pages (by each 256 address).
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6.3.10 Note on multi-master | 2C-BUS interface
This function is used at f(Xin) = 8.0 MHz of oscillation frequency.

6.3.11 Termination of unused pins

(1) Proper termination of unused pins

(2)

(3)

Output ports : Open

Input ports :

Connect each pin to Vcc or Vss through each resistor of 1 kW to 10 kW.

Ports that permit the selecting of a built-in pull-up or pull-down resistor can also use this resistor.

As for pins whose potential affects to operation modes such as pins CNVss, INT or others, select

the Vcc pin or the Vss pin according to their operation mode.

1/0 ports :

*Set the I/O ports for the input mode and connect them to Vcc or Vss through each resistor of
1 kQ to 10 kQ. Set the I/O ports for the output mode and open them at “L” or “H.”

*When opening them in the output mode, the input mode of the initial status remains until the mode
of the ports is switched over to the output mode by the program after reset. Thus, the potential
at these pins is undefined and the power source current may increase in the input mode. With
regard to an effects on the system, thoroughly perform system evaluation on the user side.

«Since the direction register setup may be changed because of a program runaway or noise, set
direction registers by program periodically to increase the reliability.

Incorrect termination of unused pins
m input ports and I/O ports :

Do not open in the input mode.

Reason

*The power supply current may increase depending on the first-stage circuit.

*An effect due to noise may be easily produced as compared with proper termination (1).
shown on the above.

I/0 ports :
Set for input mode and do not connect to Vcc or Vss directly.

Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between a port and Vcc (or Vss).

1/0 ports :
Set for the input mode and do not connect multiple ports in a lump to Vcc or Vss through a resistor.

Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between ports.

At the termination of unused pins, perform wiring at the shortest possible distance (20 mm or
less) from microcomputer pins.

6-10
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6.4 Countermeasures against noise

Countermeasures against noise are described below. The following countermeasures are effective against
noise in theory, however, it is necessary not only to take measures as follows but to evaluate before actual
use.

6.4.1 Shortest wiring length
The wiring on a printed circuit board can function as an antenna which feeds noise into the microcomputer.
The shorter the total wiring length (by mm unit), the less the possibility of noise insertion into a microcomputer.

(1) Wiring for reset input pin

Make the length of wiring which is connected Noise
to the RESET input pin as short as possible. -/
Especially, connect a capacitor across the 54
RESET input pin and the Vss pin with the Efcsjf[ RESET
shortest possible wiring (within 20mm). ¢

Vss Vss
Reason
The width of a pulse input into the RESET N.G.
pin is determined by the timing necessary
conditions. If noise having a shorter pulse width N
than the standard is input to the RESET input
pin, the reset is released before the internal Reset
state of the microcomputer is completely circuit ~ L[ [|RESET
initialized. This may cause a program runaway. Vss"T Vss

O.K.

Fig.6.4.1 Wiring for RESET input pin

(2) Wiring for clock input/output pins

e Make the length of wiring which is connected
to clock

e |/O pins as short as possible.

e Make the length of wiring (within 20mm) U U
across the grounding lead of a capacitor
which is connected to an oscillator and the
Vss pin of a microcomputer as short as i XIN XIN
possible. il XouT XouT

e Separate the Vss pattern only for oscillation Vss Vss
from other Vss patterns. ™

Z
o
7
(¢

HOH

fiod

N.G. O.K.
Reason

If noise enters clock I/O pins, clock waveforms
may be deformed. This may cause a program
failure or program runaway. Also, if a potential
difference is caused by the noise between
the Vss level of a microcomputer and the Vss
level of an oscillator, the correct clock will not
be input in the microcomputer.

Fig.6.4.2 Wiring for clock I/O pin
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6.4 Countermeasures against noise

(3)

4)

Wiring to CNVss pin
Connect the CNVss pin to the Vss pin with the
shortest possible wiring.

Reason

The processor mode of a microcomputer is
influenced by a potential at the CNVss pin. If
a potential difference is caused by the noise
between pins CNVss and Vss, the processor
mode may become unstable. This may cause
a microcomputer malfunction or a program
runaway.

Wiring to V epr pin of One Time PROM version
and EPROM version

When the Vee pin is also used as the CNVss
pint

Connect an approximately 5 kW resistor to
the Ver pin the shortest possible in series and
also to the Vss pin. When not connecting the
resistor, make the length of wiring between
the Vee pin and the Vss pin the shortest possible
(refer to “countermeasure example 1 of
Figure 6.4.4")

01 When a microcomputer has the CNVss pin,
the Vee pin is also used as the CNVss pin.

Note: Even when a circuit which included an
approximately 5 kW resistor is used in
the Mask ROM version, the micro-
computer operates correctly.

Reason

The Vee pin of the One Time PROM and the
EPROM version is the power source input pin
for the built-in PROM. When programming in
the built-in PROM, the impedance of the Ver
pin is low to allow the electric current for writing
flow into the PROM. Because of this, noise
can enter easily. If noise enters the Vee pin,
abnormal instruction codes or data are read
from the built-in PROM, which may cause a
program runaway.

Noise
[\ ] [\ ]
CNVss i CNVss
Vss Vss
77
N.G. O.K.
Fig.6.4.3 Wiring for CNV ss pin
Approximately

CNVss/Vpp

Vss

5kQ

In the shortest
distance

Fig.6.4.4 Wiring for V re pin of One Time
PROM and EPROM version

6-12
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6.4.2 Connection of a bypass capacitor across
Vss line and V cc line

Connect an approximately 0.1 uF bypass capacitor

across the Vss line and the Vcc line as follows:

e Connect a bypass capacitor across the Vss pin
and the Vcc pin at equal length.

e Connect a bypass capacitor across the Vss pin
and the Vcc pin with the shortest possible wiring.

e Use lines with a larger diameter than other signal
lines for Vss line and Vcc line.

6.4.3 Wiring to analog input pins

e Connect an approximately 100 Q to 1 kQ resistor
to an analog signal line which is connected to an
analog input pin in series. Besides, connect the
resistor to the microcomputer as close as possible.

e Connect an approximately 1000 pF capacitor across
the Vss pin and the analog input pin. Besides,
connect the capacitor to the Vss pin as close as
possible. Also, connect the capacitor across the
analog input pin and the Vss pin at equal length.

Reason

Signals which is input in an analog input pin (such
as an A-D converter/comparator input pin) are usually
output signals from sensor. The sensor which detects
a change of event is installed far from the printed
circuit board with a microcomputer, the wiring to an
analog input pin is longer necessarily. This long
wiring functions as an antenna which feeds noise
into the microcomputer, which causes noise to an
analog input pin.

If a capacitor between an analog input pin and the
Vss pin is grounded at a position far away from the
Vss pin, noise on the GND line may enter a
microcomputer through the capacitor.

APPENDIX

6.4 Countermeasures against noise

Chip

Vcc Vss

Fig.6.4.5 Bypass capacitor across V ss line and

Vce line

zZ
o.
7]
[

(Note)
Microcomputer

( . . Analog
Thermistor input pin

7;7 Vss

Note : The resistor is used for dividing
resistance with a thermistor.

F—I—
=
@

Fig.6.4.6 Analog signal line and resistor and capacitor

7220 Group User's Manual
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6.4 Countermeasures against noise

6.4.4 Oscillator concerns
Take care to prevent an oscillator that generates clocks for a microcomputer operation from being affected
by other signals.

(1) Keeping an oscillator away from large
current signal lines
Install a microcomputer (and especially an

oscillator) as far as possible from signal lines Microcomputer
where a current larger than the tolerance of . ]
Mutual inductance | (()
current value flows. M Imﬂ
Reason Large | XN
In the system using a microcomputer, there current || 15| Xout
are signal lines for controlling motors, LEDs, Vss
and thermal heads or others. When a large GND

current flows through those signal lines, strong
noise occurs because of mutual inductance.

Fig.6.4.7 Wiring for large current signal line

(2) Installing an oscillator away from signal
lines where potential levels change
frequently
Install an oscillator and a connecting pattern

—

of an oscillator away from signal lines where NG.

potential levels change frequently. Also, do Do not cross CNTR

not cross such signal lines over the clock lines H—+—Xn

or the signal lines which are sensitive to noise. F:; T our
Vss

Reason 717

Signal lines where potential levels change Y

frequently (such as the CNTR pin signal line)
may affect other lines at signal rising edge or
falling edge. If such lines cross over a clock
line, clock waveforms may be deformed, which
causes a microcomputer failure or a program
runaway.

Fig.6.4.8 Wiring for signal line where potential
levels charge frequently

(3) Oscillator protection using V  ss pattern
As for a two-sided printed circuit board, print
a Vss pattern on the underside (soldering side)

An example of Vss patterns on the
underside of a printed circuit board

——
of the position (on the component side) where Oscillator wiring

an oscillator is mounted. pattern example 7/

Connect the Vss pattern to the microcomputer = XIN
Vss pin with the shortest possible wiring. —31 ‘:']- Xout
Besides, separate this Vss pattern from other Vss

Vss patterns.

Separate the Vss line for oscillation from other V ss lines

Fig.6.4.9 Vss pattern on underside of an oscillator
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6.4.5 Setup for 1/O ports

Setup 1/O ports using hardware and software as follows:
<Hardware>

e Connect a resistor of 100 Q or more to an I/O port in series.
<Software>

e As for an input port, read data several times by a program for checking whether input levels are equal
or not.

e As for an output port, since the output data may reverse because of noise, rewrite data to its data register
at fixed periods.

e Rewrite data to direction registers and pull-up control registers (only the product having it) at fixed
periods.

When a direction register is set for input port again at fixed periods, a several-nanosecond short pulse may
be output from this port. If this is undesirable, connect a capacitor to this port to remove the noise pulse.

B2 RYa
I— XIN HXIN
= =

=+ XouT HXouT
Vss Vss
7T
N.G. O.K.

Fig. 6.4.10 Setup for I/O ports
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6.4 Countermeasures against noise

6.4.6 Providing of watchdog timer function by software

If a microcomputer runs away because of noise or others, it can be detected by a software watchdog timer
and the microcomputer can be reset to normal operation. This is equal to or more effective than program
runaway detection by a hardware watchdog timer. The following shows an example of a watchdog timer
provided by software.

In the following example, to reset a microcomputer to normal operation, the main routine detects errors of
the interrupt processing routine and the interrupt processing routine detects errors of the main routine.
This example assumes that interrupt processing is repeated multiple times in a single main routine processing.

<The main routine>

e Assigns a single byte of RAM to a software watchdog timer (SWDT) and writes the initial value N in the
SWDT once at each execution of the main routine. The initial value N should satisfy the following
condition:
N+1 = (Counts of interrupt processing executed in each main routine)
As the main routine execution cycle may change because of an interrupt processing or others, the initial
value N should have a margin.

e Watches the operation of the interrupt processing routine by comparing the SWDT contents with counts
of interrupt processing after the initial value N has been set.

e Detects that the interrupt processing routine has failed and determines to branch to the program initialization
routine for recovery processing in the following case:
If the SWDT contents do not change after interrupt processing.

<The interrupt processing routine>

e Decrements the SWDT contents by 1 at each interrupt processing.

e Determins that the main routine operates normally when the SWDT contents are reset to the initial value
N at almost fixed cycles (at the fixed interrupt processing count).

e Detects that the main routine has failed and determines to branch to the program initialization routine for
recovery processing in the following case:
If the SWDT contents are not initialized to the initial value N but continued to decrement and if they reach
0 or less.

(" Main routine ) Qnterrupt processing routine)
(SWDT) « N

[(swDT) - (swDT)—1|

| Interrupt processing |

Main processing

Return

Interrupt processing Main routine
routine errors errors

Fig. 6.4.11 Watchidog timer by software
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6.5 Memory assignment

Hexadecimal notation Decimal notation
0 1000016 65536
000016 CRT display ROM
/ / Internal RAM (8 K bytes) ROM
for displa
RAM RAM 00CO016 SFR area 192 Zero page e
4 2 Special function register
(38 fgiltes) (3 OflOJ?/teS) 00FF16 (Refer to Figures 2. 3. 3 and 2. 3. 4) 255 11FFF16 73727
M37221M6 M37221M4 010016
~ Internal RAM
017F16 383
01BF16 447
Not used
CRT( dlispiay I)?AM 060016 RAM 1536
ytes for displa
(See note) 06B716 nd 1719
Not used Not used
A00016 40960
C00016 49152
Internal ROM
ROM ROM
(24 K bytes) (16 K bytes)
for for
M37221M6 M37221M4
FF0016 65280
Interrupt vector area 65502 Special page
FFFF16 P 65535 1FFFF16 131071
Note: Refer to Table 2.11.4 Contents of CRT display RAM.
Fig. 6.5.1 Memory assignment of M37221M4-XXXSP and M37221M6-XXXSP/FP
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00016
RAM RAM 00CO016
640 bytes 512 bytes
( foglt ) ( foy ) 00FF16
M37221MA { M37221Mm8 « ) 010016
1FF16
021716
021B16
02CO016
02FF16
{030016
033F16
03BF16
CRT display RAM (060016
(96 bytes)
(See note) 06B716
600016
800016
ROM ROM
(40 K bytes) (32 K bytes)
for for
M37221MA M37221M8
FF0O16
FFDE16
FFFF16

Hexadecimal notation

Decimal notation

0 1000016
Internal RAM
Zero page
S _Sl'f:R area 192 CRT display ROM
pecial function register
(Refer to Figures 2. 3. 310 2. 3.5)| 255 (8 K bytes)
Internal RAM
511 11FFF16
Not used
- 535
2 page register 540
Not used
) 704 .
ROM correction ROM correction memory
memory (RAM) 767 | Block 1. addresses 02C016 to 02DF16
768 | Block 2: addresses 02E016 to 02FF16
Internal RAM N
831
959
Not used 1536
RAM
for displa
ad 1719
Not used
24576
32768
Internal ROM
65280
65502 \ gpeci
pecial page
Interrupt vector area 65535 1FFEF16

Note: Refer to Table 2.11.4 Contents of CRT display RAM.

ROM
for display

Not used

65536

73727

131071

Fig. 6.5.2 Memory assignment of M37221M8-XXXSP and M37221MA-XXXSP
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000016
A

RAM 00CO016
(256 bytes) 00FF16
013F16
CRT display RAM (060016

(80 bytes)
(Note) 06B316
D00016

ROM

(12 K bytes)

FFOO16
FFDE16
FFFF16

Hexadecimal notation

Internal RAM
(192 bytes)

SFR area
Special function register
(Refer to Figures 4.5.3 and 4.5.4)

Internal RAM
(64 bytes)

Not used

RAM
for display

Not used

Internal ROM

Interrupt vector area

Decimal notation

0 1000016

CRT display ROM
(4 K bytes)
192 Zero page

10FFF16
255

319

1536

1719

53248

65280
65502

65535

Special page
1FFFF16

Note: Refer to Table 4.5.7 Contents of CRT display RAM.

65536
ROM
for display
69631
Not used
131071

Fig. 6.5.3 Memory assignment of M37220M3-XXXSP/FP
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6.6 SFR assignment

m SFR Area (addresses CO16 to DF1e6)

<Bit allocation>

I:I :} Function bit
:

I:I: No function bit

[0]: Fix this bit to “0”
(do not write “1”)

: Fix this bit to “1”
(do not write “0”)

Address Register Bit allocation
b7 b0

CO016 Port PO (P0)

Clis Port PO direction register (DO)
C216 Port P1 (P1)

C316 Port P1 direction register (D1)
C416 Port P2 (P2)

C516 Port P2 direction register (D2)
C616 Port P3 (P3)

C716 Port P3 direction register (D3)
C81s6

C916

CA16 Port P5 (P5)

CBa16e Port P5 direction register (D5)
CCuie

CDa1e Port P3 output mode control register (P3S) | | | | 0 | 0 |P3lS |P3OS
CE1s DA-H register (DA-H)
CF16 DA-L register (DA-L) | | | | | | |
D016 PWMO register (PWMO)
D1l1is PWML1 register (PWM1)
D216 PWM2 register (PWM2)
D316 PWMS3 register (PWM3)
D416 PWM4 register (PWM4)

D516 PWM output control register 1 (PW) PW7|PW6|PW5[PW4|PW3|PW2|PW1|PWO
D616 PWM output control register 2 (PN) PN4| PN3|PN2

D716 12C data shift register (S0) D7 | D6 |D5 (D4 [ D3 | D2 | D1 | DO
D816 [12C address register (SOD) SAD6|SAD5|SAD4 [SAD3|SAD2 |SAD1 SADO [RBW
D916 [12C status register (S1) MST|TRX [ BB | PIN| AL [AAS [ADO |LRB
DAz16 12C control register (S1D) pseL1{sseLo| 198| ALs|Eso|BC2 |BC1 [BCO
DB16 I2C clock control register (S2) ACK | £ [P | ccre|coralcera| corafcero
DC16 Serial I/O mode register (SM) SM6|SM5| (O [SM3|SM2|SM1|SMO
DDis Serial I/O register (SIO)

DEus 0016

DF16 0016

Fig. 6.6.1 SFR assignment (including internal state immediately after reset and access characteristics) (1)
(M37221Mx-XXXSP/FP)
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<State immediately after reset >

[0]: “0” immediately after reset

: “1” immediately after reset

- Indeterminate immediately

after reset

State immediately after reset

: Read enabled, write enabled

: Read enabled, write disabled

Access characteristics

b7 b0 b7 b0

2 RW

0016 RW

? RW

0016 RW

2 RW

0016 RW
oJoJol2]2]2]21]~> RW

0016 | | Rw

2

2
0fofola2[2]2[2]> RW

0016 RW

?

0016 L L T I [ [rw

2 RW
olof2l2]2[2]2]2 || RW

2 RW

2 RW

2 RW

2 RW

2 RW

0016 RW

0016 L [ [ rw | |

? RW

0016 RW
olofol1fofofo]> RW | RO

0016 RW

0016 RW

0016 | rw | | RW

2 RW

0016

0016

7220 Group User's Manual
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m SFR Area (addresses EOQ16 to FFis)

<Bit allocation >

I:I :} Function bit
:
I:I: No function bit

: Fix this bit to “0”
(do not write “17)

: Fix this bit to “1”

(do not write “0”)

Address Register Bit allocation

b7 bo
EO16 Horizontal position register (HR) HR5| HR4| HR3| HR2[HR1 [HRO
El1e6 Vertical position register 1 (CV1) CV16|CV15|CV14|CV13[CV12(CV11|CV10
E216 Vertical position register 2 (CV2) CV26|CV25|Cv24|Ccv23[cv22|cv2i|cv20
E316
E416 Character size register (CS) CS21|CS20|CS11|CS10
E516 Border selection register (MD) MD20 MD10
E616 Color register 0 (COO0) €007 | C006 [ CO0s {04 | co03| CO02| CO0L
E716 Color register 1 (CO1) CO17| CO16| CO15|CO14 | CO13| COL2| COLL
E816 Color register 2 (CO2) C027| CO26| CO25 |C024 | CO23| CO22| CO21
E916 Color register 3 (CO3) C037| C036| CO35|CO34 | CO33| CO32| CO3L
EA16 CRT control register (CC) cc7 ccz|cc1 [cco
EB16
EC16 CRT port control register (CRTP) OP7 | OP6 [ OP5 | OUT1| OUT2 | RIG/B| VSYC [ HSYC
EDz16 CRT clock selection register (CK) 0| 0]0| 0] 0| O |cKki|cko
EE16 A-D control register 1 (AD1) ADM4 ADM2 [ADM1 |ADMO
EFi1s A-D control register 2 (AD2) ADCS5 [ADC4 |ADC3 |ADC2 [ADC1 [ADCO

FO16 Timer 1 (TM1)
Flis Timer 2 (TM2)
F216 Timer 3 (TM3)
F316 Timer 4 (TM4)

F416 Timer 12 mode register (T12M) O |T12m4|T12M3 [T12M2 | T12M1 [T12MO
F516 Timer 34 mode register (T34M) T34MS | T34M4 | T34M3 [ T34M2 [ T34M1 | T34MO
F616 PWMS5 register (PWM5)

F716

F816

F916 Interrupt input polarity register (RE) 0 | |RE5| RE4| RE3| 0 | 0 |
FA1e 0016

FB1s CPU mode register (CPUM) 1 (1|2 )11 | 0] 0
FCi6 Interrupt request register 1 (IREQ1) IT3R | ICR [VSCR [CRTR | TM4R [TM3R |TM2R |TMIR
FDi1s Interrupt request register 2 (IREQ2) 0 MSR SIR|LT2R [1TIR
FE1e Interrupt control register 1 (ICON1) IT3E | IICE |VSCE |CRTE | TM4E TMS3E |TMZ2E |TM1E
FF1e Interrupt control register 2 (ICON2) O |0 |0 |MSE[ Q |S1E|LT2E[ITIE

Fig. 6.6.2 SFR assignment (including internal state immediately after reset and access characteristics) (2)
(M37221Mx-XXXSP/FP)
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<State immediately after reset >

@ : “0” immediately after reset

: “1” immediately after reset

: Indeterminate immediately
after reset

State immediately after resebt

0016

ofofo]

o

2]ofofo]

ojojo]

o'|o|o|o|?

0016

21 2(1]

1l1]12]0]o0

0016

0016

0016

0016

: Read enabled, write enabled

: Read enabled, write disabled

b7

Access characteristics

| RW

RW

RW

RW

Rw]

RW

RW

RW

RW

RW

RW|

RW

RO RW

RW

RW

RW

RW

RwW

RW

RW

L Rwl | Rw

| Rw| | RwW
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m 2 Page Register Area (addresses 21716 to 21B1s)

<Bit allocation >

:} Function bit
Name| -
I:I : No function bit

: Fix this bit to “0”
(do not write “1”)

[1]: Fix this bit to “1”
(do not write “0")

Address Register Bit allocation
b7 b0

21716 ROM correction address 1 (high-order) |ADHL]ADHI§ADH15|ADH14| ADH1ADH1J ADHLIADH10
21816 ROM correction address 1 (low-order) ~|[ADLL7/ADLI6|ADLI5|ADLL4| ADLL3{ADL12{ADLLL|ADLLO
21916 ROM correction address 2 (high-order) |ADH2]ADHGADH2S|ADH24| ADH24 ADHZA ADH21ADH?
21A16 ROM correction address 2 (low-order) ~|AC27|APL26|ADLZ5 ADL24) ADL2SIADL22| DL |ADL2D

21B16 ROM correction enable register (RCR) 0 | O [RERLJRCRO

Note: Only M37221M8-XXXSP and M37221MA-XXXSP have this area.

Fig. 6.6.3 Memory map of 2 page register (including internal state immediately after reset and access characteristics) (3)
(only M37221M8-XXXSP and M37221MA-XXXSP)
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<State immediately after reset >

[0]: “0” immediately after reset

: “1” immediately after reset : Read enabled, write enabled
- Undefined immediately : Read enabled, write disabled
after reset
State immediately after reset Access characteristics
b7 b0 b7 b0
? RW
? RW
? RW
? RW
0016 | [ [ [ ] Rw
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m SFR Area (addresses C0z16 to DF16)

<Bit allocation >

I:I :} Function bit
;

I:I : No function bit
: Fix this bit to “0”
(do not write “1")
[1]: Fix this bit to “1”
(do not write “0")

Address Register Bit allocation
b7 b0

CO016 Port PO (P0)

Cli6 Port PO direction register (DO)
C216 PortP1(P1)

C316 Port P1 direction register (D1)
C416 Port P2 (P2)

C516 Port P2 direction register (D2)
C616 Port P3 (P3)

C716 Port P3 direction register (D3)
C816

C916

CAz16 Port P5 (P5)

CB16 Port P5 direction register (D5)
CCus

CDau1s Port P3 output mode control register (P3S) | | | |DA2$ |DA15 |P31$ |P3OS
CE16 DA-H register (DA-H)
CF16 DA-L register (DA-L) | | | | | | |
D016 PWMO register (PWMO0)
D116 PWML1 register (PWM1)
D216 PWM2 register (PWM2)
D316 PWM3 register (PWM3)
D416 PWM4 register (PWM4)

D516 PWM output control register 1 (PW) PW7|PW6|PWS|PW4|PW3|PW2|PW1|PWO
D616 PWM output control register 2 (PN) PN4| PN3|PN2

D716

D816

D916

DA1e

DB1s

DCi6 Serial I/O mode register (SM) |SM6|SM5| 0 |SM3|SM2|SM1|SM0
DDis Serial I/O regsiter (SIO)

DEie DA1 conversion register (DA1) 0 |DA15 |DA14 [DAL3 [DAL2 |DALL |DALO
DF16 DAZ2 conversion register (DA2) O [DA25|DA24 | DA23 [DA22 [DA21 [DA20

Fig. 6.6.4 SFR assignment (including internal state immediately after reset and access characteristics) (4)
(M37220M3-XXXSP/FP)
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6.6 SFR assignment

<State immediately after reset >

@ : “0” immediately after reset
- “1” immediately after reset

: Undefined immediately
after reset

State immediately after reset
b7 b0

: Read enabled, write enabled

: Read enabled, write disabled

Access characteristics

? RW
0016 RW
? RW
0016 RW
? RW
0016 RW
oJoJof?]2[?]2]? RW
0016 | | RwW
2
2
0Jof2]2]2]212[> RW
0016 RW
2
0016 [ [ | | RW
2 RW
olof2l2]2[2]2]2 || RW
2 RW
2 RW
2 RW
2 RW
2 RW
0016 RW
0016 | | | RW |
2
2
2
2
2
0016 | rRw [ | RW
2 RW
0 0 ? ? ? ? ? ? RW
0 0 ? ? ? ? ? ? RW
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6.6 SFR assignment

m SFR Area (addresses EQ16 to FF16)

<Bit allocation >

} Function bit

i:i . No function bit
: Fix this bit to “0”
(do not write “17)

[1]: Fix this bit to “1”
(do not write “07)

Address Register Bit allocation

b7 b0
EOQO16 Horizontal position register (HR) HR5[HR4| HR3| HR2|HR1 [HRO
Elie Vertical position register 1 (CV1) CV16|CV15|CV14|CV13|CV12(CV11{CV10
E216 Vertical position register 2 (CV2) CV26|CV25|CV24|CV23| CV22|CV21{CV20
E316
E41e6 Character size register (CS) CS21{CS20|CS11(CS10
E516 Border selection register (MD) MD20 MD10
E616 Color register 0 (CO0) C005 €003| co02| cooL
E716 Color register 1 (CO1) CO15 Co13| co12| Co1L
E816 Color register 2 (CO2) €025 C023| CO22| CO2L
EQ916 Color register 3 (CO3) €035 C033| CO32| CO3L
EA1e CRT control register (CC) ccz|ccicco
EB1s
EC16 CRT port control register (CRTP) OP7 [ OP6 | OP5 | OUT RIG/B| VSYC|HSYC
EDz16e CRT clock selection register (CK) 0] 0[0]| O] O O|cki|cko
EE1s A-D control register 1 (AD1) ADM4 ADM2 | ADM1 [ADMO
EF16 A-D control register 2 (AD2) ADC5 [ADC4 |ADC3 |ADC2 [ADC1 [ADCO

FO16 Timer 1 (TM1)
Flis Timer 2 (TM2)
F216 Timer 3 (TM3)
F316 Timer 4 (TM4)

F416 Timer 12 mode register (T12M) 0 T12M4 | T12M3 | T12M2 | T12M1 [ T12MO
F516 Timer 34 mode register (T34M) T34M5 | T34M4 [ T34M3 | T34M2 | T34M1 | T34MO
F616 PWMS5 register (PWM5)

F716

F816

F916 Interrupt input polarity register (RE) 0 | |RE5|RE4|RE3| 0 | 0 |
FA16 Test register (TEST) 0016

FB1is CPU mode register (CPUM) 1 /1)1 110 |0
FCai6 Interrupt request register 1 (IREQ1) IT3R VSCR [CRTR | TM4R | TM3R [ TM2R | TMIR
FDa16 Interrupt request register 2 (IREQ2) 0 MSR SIR|1T2R [1T1R
FEz1e Interrupt control register 1 ICON1) IT3E VSCE |CRTE |TMAE [ TM3E | TM2E |TM1E
FF1e Interrupt control register 2 (ICON2) O O| O [MSE| O [S1E|1T2E|1T1E

Fig. 6.6.5 SFR assignment (including internal state immediately after reset and access characteristics) (5)
(M37220M3-XXXSP/FP)
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6.6 SFR assignment

<State immediately after reset >

[0]: “0” immediately after reset

:“1” immediately after reset

: Undefined immediately
after reset

State immediately after reset
b7 bo

0016

21?21?1217

?21?212?212?21°?

o|?2 (2?2?27

0[{0]?2]0]"2

0016

0016

0016

0016

0016

?

0016

0016

ofofo]

2]ofofo]

o

0016

FFie

0716

FFie

0716

0016

0016

?

?

?

ojojo]

o'|o|o|o|?

0016

1l1]2]

1/1]2]0]o0

0016

0016

0016

0016

: Read enabled, write enabled

: Read enabled, write disabled

Access characteristics

RW

RW

RW

RW

Rw[ [Rw

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

| RW

RO

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

Rw|

RW

RW

RW
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6.7 Control registers

6.7 Control registers

Port Pi Direction Reqister

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | | Port Pi direction register (Di) (i=0,1,2) [Addresses 00C116, 00C316, 00C516]
3 3 3 3 3 3 3 3 B Name Functions After reset | R 1w
% 1 1+ 1 & 1 1| 0 |PortPidirection register 0 : Port Pio input mode 0 R'W
[ 1 : Port Pio output mode .
e 1 0 : Port Pi1 input mode 0 RIW
Lo T 1: Port Piz output mode :
3 3 3 3 3 3 2 0 : Port Piz input mode 0 R E w
R 1: Port Pi2 output mode '
[ 3 0 : Port Pis input mode 0 R'W
A 1: Port Piz output mode :
o 4 0 : Port Pis input mode 0 RiW
v TTTTT T 1: Port Pi4 output mode ,
3 3 3 5 0 : Port Pis input mode 0 R E W
o T 1: Port Pis output mode !
Lo 6 0 : Port Pis input mode 0 R'W
Lot 1: Port Pis output mode :
! 7 0 : Port Pi7 input mode 0 RIW
””””””””””” 1: Port Pi7 output mode H

Fig. 6.7.1 Port Pi direction register

Addresses 00C1 16, 00C316, 00C516

Port P3 Direction Register

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | I | Port P3 direction register (D3) [Address 00C716]

3 3 3 3 3 3 3 3 B Name Functions After reset | R EW
v 0 1 1| 0 [PortP3 direction register |0 : Port P30 input mode 0 RIW
[ 1 : Port P30 output mode !
P 1 0 : Port P31 input mode 0 RiwW
Coor T 1: Port P31 output mode !
2 0 : Port P32 input mode 0 RiW
e 1: Port P32 output mode !
o] 3 INothing is assigned. These bits are write disable bits. 0 Ri—
t;’ When these bits are read out, the values are “0.” !

Fig. 6.7.2 Port P3 direction register

Address 00C7 16
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6.7 Control registers

Port P5 Direction Register

b7 b6 b5 b4 b3 b2 bl b0

| I | | | | I I | Port P5 direction register (D5) [Address 00CBz16]
3 3 3 3 3 3 3 3 B Name Functions After reset | R EW
% 1+ 1+ 1 1 1 10,1 Nothing is assigned. These bits are write disable bits. 0 R+ —
I When these bits are read out, the values are “0.” :
3 3 3 3 3 3 2 |Port P5 direction register 0: CRT output (R) 0 RIW
A S O S P to 1: Output port P52 .
b 5 T
b 0 : CRT output (G) 0 R W
po 1: Output port P53 :
. 0: CRT output (B) 0 RIW
Lo 1: Output port P54 i
0 : CRT output (OUT1) 0 RIW
Lo 1: Output port P55 .
i i 6, 7 | Nothing is assigned. These bits are write disable bits. 0 R i—
””””””””””” When these bits are read out, the values are “0.” !

Fig. 6.7.3 Port P5 direction register

Address 00CB 16

Port P3 output mode control reqister

b7 b6 b5 b4 b3 b2 bl b0

| I I I I 0 I 0 | | | Port P3 output mode control register (P3S) [address 00CDz1s]

oo B Name Functions After reset | R 1W
0 1 1 1 1 1 1| 0o |P3ooutput structure 0 : CMOS output 0 RIW

A selection bit (P30S) 1 : N-channel open-drain output :
i i i i i i i 1 | P31 output structure 0 : CMOS output 0 RIW

[ selection bit (P31S) 1 : N-channel open-drain output H
Pl 2, 3 | Fix thes bits to *0.” 0o |rRiw

T —— ' (See note)

1L L L 3 4 | Nothing is assigned. These bits are write disable bits. 0 R E_

”””””””””” to |When these bits are read out, the values are “0.” '

7 1

Note: M37220M3-XXXSP/FP

2 | DA1 output enable bit 0 : P3o input/output 0 R EW

1: DAL output :
3 | DA2 output enable bit 0 : P31 input/output 0 [Riw

1: DA2 output ;

Fig. 6.7.4 Port P3 output mode control register

Address 00CD 16
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6.7 Control registers

PWM Output Control Register 1

b7 b6 b5b4b3 b2b1 b0
PWM output control register 1 (PW) [Address 00D516]

Cron o B Name Functions After reset | R ‘W
v oo o 1 110 |DA, PWM count source| 0 : Count source supply 0 R W
A selection bit (PWO0) 1 : Count source stop '
b1 1] 1 |DA/PN4 output 0 : DA output 0 RIW
o selection bit (PW1) 1: PN4 output '
2 [PO0/PWMO output 0: POo output 0o [RrRiw
oo T selection bit (PW2) 1: PWMO output '
R 3 [PO1/PWM1 output 0: PO1 output ERT
oo T selection bit (PW3) 1: PWM1 output |
A 4 |P02/PWM2 output 0: P02 output 0o [rRiw
selection bit (PW4) 1: PWM2 output
o] 5 |P0O3/PWM3 output 0: P03 output 0 R W
selection bit (PW5) 1: PWM3 output :
6 |P0O4/PWM4 output 0: P04 output 0 R W
T selection bit (PW6) 1: PWM4 output :
] 7 |POs/PWMS5 output 0: POs output 0o |rR!w

selection bit (PW7) 1: PWMS5 output

Fig. 6.7.5 PWM output control register 1

Address 00D5 16

PWM Output Control Register 2

b7 b6 b5b4 b3 b2b1 b0
PWM output control register 2 (PN) [Address 00D616]
] Name | Functions After reset | R ' W
0,1 Nothing is assigned. These bits are write disable bits. 0 R i
When these bits are read out, the values are “0.”
_______ 2 DA output polarity 0 : Positive polarity 0 RIW
R selection bit (PN3) 1 : Negative polarity :
oo 3 [PWM output polarity 0 : Positive polarity 0 RIW
selection bit (PN4) 1 : Negative polarity
P 4 |DA general-purpose |0 : Output LOW o |riw
Do e output bit (PN5) 1 : Output HIGH '
________________ 5 |Nothing is assigned. These bits are write disable bits. 0 R —
t;’ When these bits are read out, the values are “0.” '

Fig. 6.7.6 PWM

output control register 2

Address 00D6 16
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6.7 Control registers

°C Data Shift Reqgister

b7 b6 b5 b4 b3 b2 bl b0

F’C data shift register (S0) [Address 00D716]

R Name Functions Afterreset |R +W
1_ ~ i o L - ,L - J o i ~ ,37 ~ ,3, 1 0 | DotoD7 This is an 8-bit shift register to store Indeterminate| R EW
t? receive data and write transmit data. .

Note: To write data into the I°C data shift register after setting the MST bit to
“0” (slave mode), keep an interval of 8 machine cycles or more.

Fig. 6.7.7 12C data shift register

Address 00D7 16

I2C Address Register
b7 b6 b5 b4 b3 b2 bl b0

| | | | | | I | | I2C address register (SOD) [Address 00D816]
A Name Functions After reset|R W
A Read/write bit 0: Read 0 [RW
Lo (RBW) L write ;
77777777777777777777777 1 | Slave address The address data transmitted from 0 R EW
to (SADO to SAD6) the master is compared with the :
7 contents of these bits. :

Fig. 6.7.8 12C address register

Address 00DS8 16
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I2C Status Register
b7 b6 b5 b4 b3 b2 bl b0
| | | | | I | | | I2C status register (S1) [Address 00D916]
Coa o Name Functions After reset|R 1 W
.| 0 |Last receive bit (LRB) 0:Lasthit=“0" Indeterminate| R 1 —
oo (See note) 1:Lasthit="1" ;
3 3 3 3 3 3 S General call detecting flag 0 : No general call detected 0 R E_
[ (ADO) (See note) 1 : General call detected '
3 3 3 3 3 oo 2 | Slave address comparison | O : Address mismatch 0 R E_
oo flag (AAS) (See note) 1: Address match '
[ R 3 | Arbitration lost detecting flag | O : Not detected 0 R I—
A (AL) (See note) 1 : Detected .
[ e 4 |12C-BUS interface interrupt | O @ Interrupt request issued 1 R W
P request bit (PIN) 1: No interrupt request issued .
L me e 5 | Bus busy flag (BB) 0: Bus free 0 R'W
o 1: Bus busy !
e 6, 7 | Communication mode b7 b6 0 R'W
specification bits 0 0: Slave recieve mode :
(TRX, MST) 0 1:Slave transmit mode .
1 0: Master recieve mode E
1 1:Master transmit mode '
Note : These bits and flags can be read out, but cannnot be written.

Fig. 6.7.9 12C status register

Address 00D9 16
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6.7 Control registers

I2C Control Register

b7 b6 b5 b4 b3 b2 bl b0

12C control register (S1D : address 00DA 16)

B Name Functions After reset| R W

0 |Bit counter b2 bl b0 0 R'W
to | (Number of transmit/recieve | 0 0 0: 8 :
2 |bits) 00 1:7
(BCO to BC2) 01 0:6 '
01 1:5 :
10 0:4
10 1:3 '
11 0:2 '
11 1:1 :

3 | 12C-BUS interface use 0 : Disabled 0 R:W
enable bit (ESO) 1: Enabled H

4 | Data format selection bit 0 : Addressing mode 0 R'W
(ALS) 1: Free data format E

5 | Addressing format selection | 0 : 7-bit addressing format 0 R E\/\/
bit (10BIT SAD) 1: 10-bit addressing format '

6, 7 | Connection control bits b7 b6 Connection port 0 R'W
between ’C-BUS interface 0 0: None :
and ports 0 1:SCL1, SDA1 !
(BSELO, BSEL1) 1 0:SCL2, SDA2 '

1 1:SCL1, SDA1 :
SCL2, SDA2 :
Note: When using ports P11-P14 as PC-BUS interface, the output structure changes

automatically from CMOS output to N-channel open-drain output. However, set
the port direction register to “1” (output mode).

Fig. 6.7.10 12C control register

Address O0DA 16
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6.7 Control registers

I2C Clock Control Register

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | | 12C clock control register (S2 : address 00DB 16)

oo B Name Functions After reset[ R 1 W
3 3 3 ' _4__i__i__i] O [ScCL frequency control bits |Setup value of| Standard clock| High speed 0 R :W
P t‘(; (CCRO to CCR4) CCR4-CCRO mode clock mode ;
3 3 3 00to 02 | Setup disabled | Setup disabled i
3 3 3 03 Setup disabled 333 .
P 04 Setup disabled 250 :
o 05 100 400 (See note) !
P 06 83.3 166
3 1 1 : 500/CCR value | 1000/CCR value :
b 1D 17.2 34.5 :
Lo 1E 16.6 33.3 !
. F 16.1 323
i i i (at =4 MHz, unit : kHz) E
o] 5 [sCLmode 0: Standard clock mode 0 RIW
ro specification bit 1: High-speed clock mode :
P (FAST MODE) ;
Lot 6 |ACK bit 0: ACK is returned. 0 RW
3 (ACK BIT) 1: ACK is not returned. ;
o] 7 |ACK clock bit 0:No ACK clock 0 R:W
(ACK) 1: ACK clock '

Note: At 4000kHz in the high-speed clock mode, the duty is as below .
“0” period : “1" period =3 : 2
In the other cases, the duty is as below.
“0” period : “1" period =1:1

Fig. 6.7.11 12C clock contorol register

Address 00DB 16
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6.7 Control registers

Serial 1/0 Mode Register

b7b6 b5b4 b3 b2bl1 b0

Serial /0 mode register (SM) [Address 00DC16]

' o,

B Name Functions After reset| R W
1|Internal synchronous |bl b0 0 RW
clock selection bits 0 0: f(XIN)/4 :
(SMO0, SM1) 0 1:f(XiNn)/16 :

1 0:f(XIN)/32
1 1:f(XIN)/64 '

2 | Synchronous clock 0: External clock 0 RiW
selection bit (SM2) | 1: Internal clock :

3 |Serial /0 port 0: P20, P21 functions 0 [RwW
selection bit (SM3) as port :
1: ScLk, SouT ;

4 [Fix this bit to *0.” 0 [rRW
5 |Transfer direction 0: LSB first 0 R'W
selection bit (SM5) 1: MSB first
6 | Serial input pin 0: Input signal from SIN pin 0 R'W
selection bit (SM6) 1: Input signal from Sour pin
7 |Nothing is assigned. This bit is a write disable bit. 0o |rR—
When this bit is read out, the value is “0.”

Fig. 6.7.12 Serial 1/0

mode register

Address 00DC 16
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DA n Conversion Reqgister

b7 b6 b5 b4 b3 b2b1 b0
| 0| | | | | | | DA n conversion register (DAn) (n = 1 and 2) [Address 00DEz16, 00DF16]
B Name Functions Afterreset | R W
oo ] b5 b4 b3 b2 bl b0 ; '
R R R AR 0 DA conversion set 00 0 0 0 O:0/6aves Indeterminate | R :W
b to | bits 0 0 00 0 1:1/64Vce :
- 5 | (DAnO-DAnNS) 0 0 0 0 1 0:2/64Vce '
11 1 1 0 1:61/64Vce
- 11 1 1 1 0:62/64Vcc '
Lo 1 1 1 1 1 1:63/64Vce :
T, 6 |Fix this bit to “0.” 0o |[RrRi—
 — 7 |Nothing is assigned. This bit is a write disable bit. 0 R E—
When this bit is read out, the value is “ 0.” '

Fig. 6.7.13 DA n conversion register (only M37220M3-XXXSP/FP)
Addresses 00DE 16, 00DF16

Horizontal Position Reqgister

b7 b6 b5 b4 b3 b2 bl b0

| I | | | | | | | Horizontal position register (HR) [Address 00EO16]
3 3 3 3 3 3 3 3 B Name Functions Afterreset [ Ry W
3 3 I 1 1 1 1| 0 [Horizontal display start 64 steps (0016 to 3F16) 0 R E w
b tg positions (HRO to HR5) '
o 6, 7 | Nothing is assigned. These bits are write disable bits. 0 Ri—
When thses bits are read out, the values are “0.” .

Fig. 6.7.14 Horizontal position register

Address 00EO 16
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Vertical Position Reqister n
b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | | Vertical position register n (CV1,CV2) (n = 1 and 2) [Addresses 00E116, 00E216]
| 3 3 3 3 3 3 3 B Name Functions Afterreset | R EW
b ] 0 verticar display start positions 128 steps (0016 to 7F16) Indeterminate | R + W

! to | (CV1:CV10to CV16)
1 6 [ (cv2:cv20to CV26)

] 7 | Nothing is assigned. This bit is a write disable bit. 0 R
When this bit is read out, the value is “0.”

Fig. 6.7.15 Vertical position register n

Addresses 00E1 16, O0E216

Character Size Register

b7 b6 b5 b4 b3 b2 bl b0
| I I I | | | | | Character size register (CS) [Address 00E416]

1B Name Functions After reset | R 1W

T 0, 1| Character size of block 1 |00 : Minimum size Indeterminate| R 1 W

A selection bits 01 : Medium size !

A (CS10, CS11) 10 : Large size '

3 3 3 3 3 3 11 : Do not set. '

[ 2,3 | Character size of block 2 00 : Minimum size Indeterminate| R + W

S R selection bits 01 : Medium size :

Lo (CS20,CS21) 10 : Large size :

Vo 11 : Do not set. i

o 4 [ Nothing is assigned. These bits are write disable bits. 0 Ri—
t? When these bits are read out, the values are “0.” i

Fig. 6.7.16 Character size register

Address 00E4 16

7220 Group User's Manual 6-39



APPENDIX

6.7 Control registers

Border Selection Register

b7 b6 b5 b4 b3 b2 bl b0

I—I | Border selection register (MD) [Address 00E516]

3 3 3 3 3 3 3 3 B Name Functions After reset | R EW
' 1 1 1 1 1] 0 |Block10UT1 output 0: Same output as character output | Indeterminate | R + W (See note)
A border selection bit (MD10) |1 : Border output !
I % = 1 1 1 1___| 1 |Nothingis assigned. This bit is a write disable bit. 0 Ri—
[ When this bit is read out, the value is “0.” :
oo 2 | Block 1 OUT1 output 0: Same output as character output | Indeterminate | R ' W
[ R P - DL : (See note)
[ border selection bit (MD20)| 1 : Border output :
L L ~ i ~ L R t3 Nothing is assigned. These bits are write disable bits. 0 R E—
? When these bits are read out, the values are “0.” !
Note : M37220M3-XXXSP/FP
0 | Block 1 OUT output 0: Same output as character output | Indeterminate | R 1 W
border selection bit (MD10)| 1 : Border output :
2 | Block 2 OUT output 0: Same output as character output | Indeterminate | R EW
border selection bit (MD20)| 1 : Border output !
Fig. 6.7.17 Border selection register

Address 0O0E5 16
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Color Reqgister n

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | I | Color register n (COO0 to CO3) (n = 0 to 3) [Addresses 00E616 to 00E916]
3 3 B Name Functions After reset | R EW
11| 0 |Nothing is assigned. This bit is a write disable bit. 0 Ri—
! When this bit is read out, the value is “0.” '
.| 1 |Bsignal output 0 : No character is output 0 RIW
selection bit (COn1) 1 : Character is output :
2 | G signal output 0 : No character is output 0 R EW
””” selection bit (COn2) 1: Character is output '
77777 3 | R signal output 0 : No character is output 0 R EW
selection bit (COn3) 1 : Character is output '
77777 4 | Bsignal output (background) |0 : No background color is output 0 RIW
selection bit (COn4) 1: Background color is output (See note 1) :
77777 5 | OUT1 signal output 0 : Character is output 0 R EW
control bit (COn5) 1: Blank is output (See notes 1, 2) :
77777 6 | G signal output (background) |0 : No background color is output 0 R EW
selection bit (COn6) 1 : Background color is output '
7 | R signal output (background) |0 : No background color is output 0 R EW
1 .

selection bit (COn7)

: Background color is output  (See note 2)

Notes 1: When bit 5 = “0” and bit 4 = “1,” there is output same as a character or border output

from the OUT1 pin.

Do not set bit 5 = “0” and bit 4 = “0.”
2: When only bit 7 = “1” and bit 5 = “0,” there is output from the OUT2 pin.

3: M37220M3-XXXSP/FP

When these bits are read out, the values are “0.”

4 |Nothing is assigned. This bit is a write disable bit. 0 Ri—
When this bit is read out, the value is “0.” H

5 | OUT signal output 0 : Character is output 0 R EW
control bit (COn5) 1: Blank is output !

6, 7 | Nothing is assigned. These bits are write disable bits. 0 Ri—

(See note 3)

Fig. 6.7.18 Color register n

Addresses 0O0OEG6 16 to O0E916
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CRT Control Reqgister

b7 b6 b5 b4 b3 b2 bl b0

| |_I | I I | | | CRT control register (CC) [Address 00EAz6]

3 | 3 3 3 3 3 3 B Name Functions After reset | R 1 W
v 1 = 1 1] 0 |Alblocks display control |0 : All-blocks display off 0 RIW
P bit (Note 1) (CCO) 1 : All-blocks display on '
L0 1 1 1 1 1|1 |Block1display control bit |0 :Block 1 display off 0 RIW
T (ccy) 1: Block 1 display on .

3 3 3 3 3 i 7777777 2 | Block 2 display control bit |0 : Block 2 display off 0 R EW
oo (cc2) 1: Block 2 display on '

i L i - ji J 7777777777 3 |Nothing is assigned. These bits are write disable bits. 0 R E—
| to [when these bits are read out, the values are “0.” !

| 6 '

1 7 | P10/0OUT2 pin switch bit 0:Plo 0 RIW
”””””””””””” (ccr) 1:0UT2 ' }(See note 2)

Notes 1: Display is controlled by logical product (AND) between the all-blocks display
control bit and each block control bit.

2 : M37220M3-XXXSP/FP

7 | Nothing is assigned. This bit is a write disable bit. 0 R
When this bit is read out, the value is “0.”

Fig. 6.7.19 CRT control register

Address 00EA 16
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CRT Port Control Register
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | CRT port control register (CRTP) [Address 00ECzs]
3 3 3 3 3 3 3 3 B Name Functions After reset | R EW
b0 1 0 1 1 1 1| 0 |Hsvne input polarity 0 : Positive polarity 0 R EW
Do switch bit (HSYC) 1 : Negative polarity ;
L0 1 0 1 1| 1 |Vsc input polarity 0 : Positive polarity 0 RIW
[ T switch bit (VSYC) 1 : Negative polarity H
3 3 3 3 3 i 7777777 2 | R, G, B output polarity 0 : Positive polarity 0 RIW
. switch bit (R/G/B) 1: Negative polarity .
A 3 [ OUT2 output polarity 0 : Positive polarity 0 R EW
i i i i switch bit (OUT2) 1 : Negative polarity :
[ - — - ' (See note)
A 4 | OUT1 output polarity 0 : Positive polarity 0 R.W
o switch bit (OUT1) 1 : Negative polarity :
i i i 7777777777777777 5 | R signal output switch bit 0 : R signal output 0 R EW
o (OP5) 1: MUTE signal output :
A 6 |G signal output switch bit [0 : G signal output 0 RIW
! (OP6) 1: MUTE signal output !
| 7 | B signal output switch bit 0 : B signal output 0 RIW
777777777777777777777 (OP7) 1 : MUTE signal output :
Note : M37220M3-XXXSP/FP
3 | Nothing is assigned. This bit is a write disable bit. o [ri—
When this bit is read out, the value is “0.” '
4 | OUT output polarity 0 : Positive polarity 0 R EW
switch bit (OUT) 1 : Negative polarity !

Fig. 6.7.20 CRT port control register

Address 00EC 16
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6.7 Control registers

CRT Clock Selection Register

b7 b6 b5 b4 b3 b2 bl b0

| 0 I 0 I 0 I 0 I 0 I 0 | | | CRT clock selection register (CK) [Address 00EDzs]

3 3 3 3 3 3 3 3 B Name Functions After reset| R W
1 4+ 1+ 1 1 1 1o, 1|CRT clock bl| b0 Functions 0 RIW
3 3 3 3 3 3 -t selection bits | 1 | 0 [ The clock for display is supplied by connecting RC E
oo (CKO,CK1) or LC across the pins OSC1 and OSC2. :
[ 0 | 1 [Since the main clock is used as the clock for | CRT oscillation E
[ T N display, the oscillation frequency is limited. | frequency '
3 3 3 3 3 3 Because of this, the character size in width | = f(Xi) '
Lo (horizontal) direction is also limited. In this — !
N 1| O |case, pins 0SC1 and 0SC2 are alsoused | CRT oscillation !
Pt as input ports P33 and P34 respectively. frequency .
[ R T R T = f(XiN)/1.5 !
A 1| 1 |The clock for display is supplied by connecting the ,
e following across the pins OSC1 and OSC2. E
3 3 3 3 3 3 « a ceramic resonator only for CRT display and a feedback resistor :
I « a quartz-crystal oscillator only for CRT display and a feedback !
A resistor (Note) :
A t2 Fix these bits to “0.” 0 RIW
ffffffffffffffffffffffff o '

7 :

Note: It is necessary to connect other ceramic resonator or quartz-crystal oscillator across the pins Xin and Xour.

Fig. 6.7.21 CRT clock selection register

Address O0ED 16
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A-D Control Reqister 1

b7 b6 b5 b4 b3 b2 bl b0

A-D control register 1 (AD1) [Address O0EE 16]

] Name Functions After reset|R \W|
\ 1 1 1 1 {__i__L] 0 |Analog input pin selection b2 bl b0 0 R W
oo to | bits 0 0 0:AD1 :
[ 2 | (ADMO, ADM1, ADM2) 0 0 1:A-D2 :
3 3 3 3 3 0 1 0:A-D3 .
oo 0 1 1:A-D4 :
oo 1 0 0:AD5 :
3 3 3 3 3 1 0 1:A-D6 .
oo 11 0: :
i i i i i 11 1 Do not set. :
3 3 3 3 3 3 | Nothing is assigned. This bit is a write disable bit. 0 R E_
R When this bit is read out, the value is “0.” !
i : : ; 7777777777777 4 | Storage bit of comparison 0: Input voltage < reference voltage Indeterminate | R :W
P result (ADM4) 1: Input voltage > reference voltage !
o 5 Nothing is assigned. These bits are write disable bits. 0 R :_
””””””””””” ‘;’ When these bits are read out, the values are “0.” '

Fig. 6.7.22 A-D control register 1

Address O0EE 16

A-D Control Register 2

b7 b6 b5 b4 b3 b2 bl b0

A-D control register 2(AD2) [Address 00EF 16]

| ‘ | ‘ ‘ ‘ ‘ | B Name Functions Afterreset| R 1 W
3 3 3 3 3 3 3 3 0 | D-A converter set bits bS b4 b3 b2 bl bo, / 0 R EW
|1 =----------2--{ o | (ADCO, ADC1, ADC2, 0 00 0 0 0:1/128Vcc ;
Do 5 | ADC3. ADCA. ADCS) 0 0 0 0 0 1:3/128Vcc ,
G 0 0 0 0 1 O0:5/128Vcc .
- 11 1 1 0 1:123/128Vcc :
Co 1 1 1 1 1 0:125/128Vce :
Co 1 1 1 1 1 1:127/128Vcc .
R 6, 7 |Nothing is assigned. These bits are write disable bits. 0 R—
When these bits are reed out, the values are “ 0.” '

Fig. 6.7.23 A-D control register 2

Address 00EF 16
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Timer 12 Mode Register

b7 b6 b5b4b3 b2b1 b0

|0| I I I ' I ' | Timer 12 mode register (T12M) [Address 00F416]

- Name Functions After reset| R 1 W

v+ 4 0 4 110 |Timer 1 count source | 0: f(XIN)/16 0 |R'W
selection bit (T12M0) | 1: f(XiN)/4096 :

1 |Timer 2 count source | O: Internal clock 0 RIW
e selection bit 1: External clock from
AR (T12M1) P24/TIM2 pin |
oo 2 |Timer 1 count 0: Count start 0 R
oo stop bit (T12M2) 1: Count stop :
oo 3 [Timer 2 count stop 0: Count start 0 |R:
bit (T12M3) 1: Count stop

Co ] 4 [Timer 2 internal count | O: f(XIN)/16 0 R'W
source selection bit 1: Timer 1 overflow
. (T12M4) :

TR, 5 |Fix this bit to “0.” 0 W

6,7|Nothing is assigned. These bits are write disable 0 —
SRR e LR, bits. When these bits are read out, the values are
w0 :

Fig. 6.7.24 Timer 12

mode register

Address 00F4 16
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Timer 34 Mode Register
b7 b6 b5b4b3 b2b1 b0
Timer 34 mode register (T34M) [Address 00F516]

P B Name Functions After reset| R
v 0o 4 0 10 [Timer 3 count source | 0: f(XIN)/16 0 |R!W
selection bit (T34M0) [ 1: External clock
1 [Timer 4 internal count | O: Timer 3 overflow 0 R W
v -4 [source selection bit 1: f(XIN)/16 :
oo (T34M1) ;
— 2 |Timer 3 count 0: Count start 0 |R'W
Lo stop bit (T34M2) 1: Count stop !
A 3 [Timer 4 count stop 0: Count start 0 |R W
bit (T34M3) 1: Count stop :
oro ] 4 |Timer 4 count source | Q: Internal clock 0 |R'W
[ selection bit (T34M4) | 1: f(XiN)/2 '
L 5 |Timer 3 external count 0: External clock from P23TIM3pin| 0  |R W
v T source selection bit (T34M5)| 1: External clock from HsyNc pin :
6,7 | Nothing is assigned. These bits are write disable 0 R _
R ELEEETEEEPPEEPE bits. When these bits are read out, the values are :

“0.” H

Fig. 6.7.25 Timer 34 mode register

Interrupt Input Polarity Register

b7 b6 b5 b4 b3 b2 bl b0

| 0 I | | | I 0 | OI | Interrupt input polarity register(RE) [Address 00F9 16]
oo b Name Functions After reset | R TW
3 3 3 3 3 3 3 | | 0 [Nothing is assigned. This bit is a write disable bit. Indeterminate | R E_
A When this bit is read out, the value is “0.” !
oo 0 |1, 2 |Fix these bits to 0.7 0 RIW
3 3 3 3 3 7777777777 3 | INT1 polarity switch bit 0 : Positive polarity 0 R EW
Lo (RE3) 1 : Negative polarity :
o] 4 | INT2 polarity switch bit 0 : Positive polarity 0 RIW
Lo (RE4) 1 : Negative polarity !
[ 5 | INT3 polarity switch bit 0 : Positive polarity 0 RIW
. (RE5) 1 : Negative polarity '
o 6 [Nothing is assigned. This bit is a write disable bit. 0 Ri—
! When this bit is read out, the value is “0.” ,
] 7 |Fix this bit to “0.” 0 RIW

Fig. 6.7.26 Interrupt input polarity register

Address 00F9 16

7220 Group User's Manual 6-47



APPENDIX

6.7 Control registers

CPU Mode Register

b7 b6 b5b4 b3 b2b1 b0

1{1]1]1f{1] |O|O]| CPU mode register (CPUM) (CM) [Address O0FB16]

A T Name | Functions Afterreset | R W
b o, 1fFix these bits to “0.” 0 RIW
2 |Stack page selection |0: 0 page (Note) 1 RIW
A bit (CM2) 1: 1 page
__________ 3 | Fix these bits to “1.” 1 R:W
Do to :
Lo 5 ;
forhemmmmmmmmeoeeoe oy 6,7 Indeterminate | R ' W

Note: This bit is set to “1” after reset release.

Fig. 6.7.27 CPU mode register

Address O0FB 16

Interrupt Request Reqister 1
b7 b6 b5b4b3 b2b1 b0

| ‘ I ‘ I I ‘ I ‘ I I I ‘ | Interrupt request register 1 (IREQ1) [Address 00FCz1s]

When this bit is read out, the value is “0.”

Name Functions After reset| RW
A Timer 1 interrupt 0: No interrupt request issued 0 R:O
A N request bit  (TM1R) [ 1: Interrupt request issued :
v 1 [Timer 2 interrupt 0: No interrupt request issued 0 R:0O
I request bit  (TM2R) [ 1: Interrupt request issued :
7777777 2 [Timer 3 interrupt 0: No interrupt request issued 0 R 0
request bit  (TM3R) | 1: Interrupt request issued '
L] 3 [Timer 4 interrupt 0 : No interrupt request issued 0 R 0
o request bit  (TM4R) | 1: Interrupt request issued |
A R 4 |CRT interrupt 0: No interrupt request issued 0 R:O
o request bit (CRTR) | 1:Interrupt request issued !
o] 5 |VsyNc interrupt 0: No interrupt request issued 0 R | O
request bit  (VSCR) | 1:Interrupt request issued '
o] 6 | Multi-master 12C-BUS interface | 0 : No interrupt request issued 0 R:O
! interrupt request bit  (IICR) [ 1 : Interrupt request issued ! (See note)
] 7 [INT3 interrupt 0 : No interrupt request issued 0 R:0
request bit  (IT3R) 1 : Interrupt request issued :

(0: “0” can be set by software, but “1” cannot be set.

Note : M37220M3-XXXSP/FP

6 |Nothing is assigned. This bit is a write disable bit. 0 R!—

Fig. 6.7.28 Interrupt request register 1

Address O0FC 16

6-48

7220 Group User’'s Manual



APPENDIX

6.7 Control registers

Interrupt Request Register 2
b7b6 b5b4b3 b2b1b0
|0 | | | | Interrupt request register 2 (IREQ2) [Address 00FD16]
A Name Functions After reset| R W
b 0 1] 0 [INTL interrupt 0: No interrupt request issued 0 R:O
Dol request bit (ITIR) 1 : Interrupt request issued :
00 0 0 1| 1 [INT2 interrupt 0: No interrupt request issued 0 R:O
request bit (IT2R) 1. Interrupt request issued ;
oo 2 | Serial /O interrupt 0: No interrupt request issued 0 |RrR!O
request bit (S1R) 1 : Interrupt request issued :
A 3 | Nothing is assigned. This bit is a write disable bit. 0 |RI—
Lo When this bit is read out, the value is “0.” !
AR 4 |f(XIN)/4096 interrupt [ 0 : No interrupt request issued 0 RiD
request bit (MSR) 1 : Interrupt request issued :
oo 5, 6| Nothing is assigned. These bits are write disable bits. 0 |R—
When these bits are read out, the values are “0." 5
] 7 | Fix this bit to “0.” 0 |RwW
0: “0” can be set by software, but “1” cannot be set.
Fig. 6.7.29 Interrupt request register 2

Address O0FD 16

Interrupt

Control Register 1

b7 b6 b5b4b3 b2b1 b0

Interrupt control register 1 (ICON1) [Address O0FEz16]

e Name Functions After reset| R ‘W
0 o [Timer Tinterrupt 0 : Interrupt disabled 0 RIW
enable bit (TM1E) 1 : Interrupt enabled !
b 01 |Timer 2 interrupt 0: Interrupt disabled 0 R'W
A enable bit (TM2E) 1: Interrupt enabled 1
A 2 |Timer 3 interrupt 0: Interrupt disabled 0 [RW
enable bit (TM3E) 1 : Interrupt enabled '
e 3 | Timer 4 interrupt 0 : Interrupt disabled 0 R W
oo enable bit (TM4E) 1 : Interrupt enabled ;
A 4 |CRT interrupt enable 0 : Interrupt disabled 0 |RiW
bit (CRTE) 1 : Interrupt enabled '
A 5 |Vsync interrupt 0 Interrupt disabled 0 |RIW
. enable bit (VSCE) 1 : Interrupt enabled 1
o 6 |Multi-master 12C-BUS interface | 0 : Interrupt disabled 0 RIW| L see note)
1 interrupt enable bit (IICE) 1 : Interrupt enabled '
o 7 |INT3 interrupt 0: Interrupt disabled 0 RIW
enable bit (IT3E) 1: Interrupt enabled ;
Note : M37220M3-XXXSP/FP
6 [Nothing is assigned. This bit is a write disable 0 RI—
bit. When this bit is read out, the value is “0.” i

Fig. 6.7.30 Interrupt

control register 1

Address O0OFE 16
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Interrupt Control Register 2

b7 b6 b5b4b3 b2b1b0
0 | 0 | of [o Interrupt control register 2 (ICON2) [Address 00FF16]
A Name Functions After reset REW
001 01 1] 0 [INTLinterrupt 0 : Interrupt disabled 0 |RwW
Lo enable bit (IT1E) 1 : Interrupt enabled :
© 0 01| 1 |INT2interrupt enable 0 Interrupt disabled 0 R:W
oo bit (IT2E) 1 : Interrupt enabled :
o] 2 [Serial I/0 interrupt 0: Interrupt disabled 0 |RW
enable bit (S1E) 1: Interrupt enabled
A 3 |Fix this bit to “0.” 0 |RIW
I 4 |f(XN)/4096 interrupt 0 Interrupt disabled 0 [RiW
Lo enable bit (MSE) 1 Interrupt enabled ;
o 2 | Fix these bits to “0.” 0 [RIW
7 .

Fig. 6.7.31 Interrupt control register 2

Address O0FF 16

ROM correction enable register

b7 b6 b5b4b3 b2b1b0
| 0]0 | ROM correction enable register (RCR) [Address 021216]

i B Name Functions After reset| R W
' 11 1 1 1 1 1] 0 |Block1 enable bit (RCRO) | 0 : Disabled o |00
S R S R B 1: Enabled :
L . . . 1 1 | 1 |Block 2 enable bit (RCR1) | 0: Disabled o |00
A 1: Enabled :
oo 2, 3 |Fix these bits to “0.” o |Omo
o 4 | Nothing is assigned. These bits are write disable bits. 0 O:o
”””””””””””” to | When these bits are read out, the values are “0.” i

7 i

Fig. 6.7.32 ROM correction enable register

Address 0212 16

6-50 7220 Group User's Manual



APPENDIX

6.8 Ports

6.8 Ports

PO0/PWMO-PO5/PWM5, P32

N-channel open-drain output 4|Direction register|_

e } '0)
Data bus —4| Port latch i 1 i

® M37221M4-XXXSP, M37221M6-XXXSP/FP, M37221M8-XXXSP, M37221MA-XXXSP

P10/0OUT2, P11/SCL1, P12/SCL2, P13/SDA1, P14/SDA2, P15/A-D1/INT3, P16/A-D2, P17/A-D3,
P20/ScLk, P21/SouT, P22/SIN, P23/TIM3, P24/TIM2, P25-P27, P30/A-D5, P31/A-D6 (See notes 1, 2)
o M37220M3-XXXSP/FP

P10-P14, P15/A-D/INT3, P16/A-D2, P17/A-D3, P20/ScLK, P21/SouT, P22/SIN,
P23/TIM3, P24/TIM2, P25—P27, P30/A-D5/DA1, P31/A-D6/DA2 (See note 2)

|Direction registeri

CMOS output

TT

Databus —t—— Portlatch |

iO

)

~N

Notes 1 When ports P11—P14 are used as multi-master |2C-BUS interface pin and when ports P20, P21 are used as
serial 1/0O output pins, their output structure is N-channel open-drain output.

2 : For the output structure of ports P30, P31, either CMOS output or N-channel open-drain output is selected
(In the case of N-channel open-drain output, the block diagram is the same as below).

PO6/INT2/A-D4, PO7/INT1

N-channel open-drain output 4|Direction register|—

Data bus —4| Port latch i

Lf
i

A\

VA

O indicates a pin.

Fig. 6.8.1 1/O pin block diagram (1)
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P33/0SC1, P34
Input

Internal circuit

® M37221M4-XXXSP, M37221M6-XXXSP/FP, M37221M8-XXXSP, M37221MA-XXXSP

D-A, P52/R, P53/G, P54/B, P55/0UT1
o M37220M3-XXXSP/FP

D-A, P52/R, P53/G, P54/B, P55/0UT

CMOS output

TV

Internal circuit

IFT

HSYNC, VSYNC

Schmidt input

HsYNC or
VSYNC

O indicates a pin.

Fig. 6.8.2 1/0O pin block diagram (2)
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6.9 Machine instruction table
Machine instructions

Addressing mode
Symbol Function Details IMP IMM A BIT.A zZP BIT,ZP
OP| n OP|n OP|n |# [OP| n |$# [OP| n OP|n | #
ADC When T=0 Adds the carry, accumulator and memory con- 69| 2 653
(Note 1) | A—A+M+C tents. The results are entered into the accumu-
(Note 6) lator.
When T=1 Adds the contents of the memory in the
M(X) —M (X) +M+C | address indicated by index register X, the con-
tents of the memory specified by the addres-
sing mode and the carry. The results are en-
tered into the memory at the address indicated
by index register X.
AND When T=0 “AND’s” the accumulator and memory contents. 29 2 2513
(Note 1) | A~—=AAM The results are entered into the accumulator.
“AND's” the contents of the memory of the address
When T=1 indicated by index register X and the contents of the
M(X) —M(X) AM memory specified by the addressing mode. The re-
sults are entered into the memory at the address in-
dicated by index register X.
ASL 7 0 Shifts the contents of accumulator or contents of OA[ 2 |1 06| 5
CcC+~[__1+0 memory one bit to the left. The low order bit of
the accumulator or memory is cleared and the
high order bit is shifted into the carry flag.
BBC Ap or Mp=0? Branches when the contents of the bit specified 13 4l2 l+7 5|3
(Note 4) in the accumulator or memory is “0”. 20i 20i
BBS Ap or Mp=17 Branches when the contents of the bit specified (13 4l2 0+7 513
(Note 4) in the accumulator or memory is “1”. 20i 20i
BCC Cc=07? Branches when the contents of carry flag is “0”.
(Note 4)
BCS c=1? Branches when the contents of carry flag is “1”.
(Note 4)
BEQ Zz=1? Branches when the contents of zero flag is “1”.
(Note 4)
BIT AAM “AND's” the contents of accumulator and mem- 24| 3
ory. The results are not entered anywhere.
BMI N=17 Branches when the contents of negative flag is
(Note 4) “r,
BNE Z=07? Branches when the contents of zero flag is “0”.
(Note 4)
BPL N=07? Branches when the contents of negative flag is
(Note 4) “o",
BRA PC+PC=offset Jumps to address specified by adding offset to
the program counter.
BRK B+1 Executes a software interrupt. 00 7
M(S)—PCy
S+—s—1
M(S)~—PC,
S+~—S—1
M(S)—PS
S+—S—1
PC_+~AD_
PCp+—ADy
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Addressing mode Processor status register
ZP X ZPY ABS ABS, X | ABS)Y IND ZP,IND | IND,X IND,Y REL SP 716(5(4(3(2]|1
OP|n |#|OP| n (# 0P| n |#[OP|n |#[OP|n|#|OP| n|# (0P| n|[#|0OP[n|#|OP n|#|0OP|n|#|0OP|n{#|N|V|T|B|D|I|Z
75|14 |2 6D 4|3 |7D/5|3{79|5]|3 6116 (2|71|6|2 NiV|e|e]jeo|}2Z
3514 |2 2D| 4|3 3D{5{3|39|5|3 211612|31)6]2 NiejeleleoielZ
16|62 OE{ 6|3 {1E[ 7|3 Nje|efelele|Z

a0l 2|2 elefef|e|olele
B0 22 e|eo|oef|e|a]|e]e
Fol2]2 efofloefele]e]e
2C| 4|3 MzMg| * [ <] ]Z
30|22 eleflofjelolele
DO| 2|2 elefo|efeale]e
10122 cleleye]ej )"
80|42 efefefe|alale
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Addressing mode

Symbol Function Details A BIT.A ZP
OP| n |# |OP| n OP| n
BVC V=07 Branches when the contents of overflow flag is
(Note 4) “0.”
BVS v=1? Branches when the contents of overflow flag is
(Note 4) “.r
cLB Ap or Mp+0 Clears the contents of the bit specified in the 1B| 2 1F
accumulator or memory to “0.” ZTJi ZT)i
CcLC C+—0 Clears the contents of the carry flag to “0.”
CLD D+0 Clears the contents of decimal mode flag to
g
CLl -0 Clears the contents of interrupt disable flag to
wg
CLT T—0 Clears the contents of index X mode fiag to “0.”
CcLv V+—0 Clears the contents overflow flag to “0.”
CMP When T==0 Compares the contents of accumulator and C5| 3
(Note 3) | A—M memory.
When T=1 Compares the contents of the memory speci-
M(X)—M fied by the addressing mode with the contents
of the address indicated by index register X.
COoM M+—M Forms a one's complement of the contents of 4415
memory, and stores it into memory.
CPX X—M Compares the contents of index register X and E4| 3
memory.
CPY Y—M Compares the contents of index register Y and C4| 3
memory.
DEC A~—A—1 or Decrements the contents of the accumulator or 1A[ 2 {1 C6| 5
M—M—1 memory by 1.
DEX X+—=X—1 Decrements the contents of index register X by,
1.
DEY Y—Y—1 Decrements the contents of index register Y by
1.
DIV A—(M(zz+Xx+1), Divides the 16-bit data that is the contents of
(Note 5) | M(zz+X))/A M(zz+x+1) for high byte and the contents of
M (S) <« 1's comple- | M (zz + x) for low byte by the accumulator.
ment of Remainder Stores the quotient in the accumulator and the
S+—S8—1 1's complement of the remainder on the stack.
EOR When T=0 “Exclusive-ORs” the contents of accumulator 451 3
(Note 1) | A—AWM and memory. The results are stored in the
accumulator.
When T=1 “Exclusive-ORs” the contents of the memory
M (X) —M(X)¥M specified by the addressing mode and the con-
tents of the memory at the address indicated by
index register X. The results are stored into the
memory at the address indicated by index reg-
ister X.
INC A—A+1 or Increments the contents of accumulator or 3A[ 2|1 E6| 5
M+—M+1 memory by 1.
INX X+—X+1 Increments the contents of index register X by
1.
INY Y—Y+1 Increments the contents of index register Y by

1.
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6.9 Machine instruction table

Addressing mode Processor status register

ZP,X ZPY ABS ABS.,X | ABS,Y IND ZP,IND | INDX IND,Y REL SP 7\/6(5{4[(3|2]|1

OP{n|#|0P| n|#[OP|n|#|OP/ n|#{OP|n|#[OP n|#|OP|n|#|0OP/n|# (0P| n|#|OP|n|#|oP|n|#|N|ViT|B|D|1]|Z

50| 212 ejoelefela]e]e

70122 elo|efe|ele]e

D5 4|2 CD|4|3|DD|5|3|D9| 53 C16|2(D16|2 Niefofojoele|Z]|

EC|4]3 Nlel-|+]-|]2
ccl 4|3 Nl ele|elel-]2
Dél 6 | 2 ce[ 6|3 |DE[ 7|3 N|-|<|<]-|-]2

E2(16] 2 e]oelo]|e|e]|e]e
55(4 |2 4D 4| 3|5D|5(3159|5|3 411612151162 Njefleioeleje|Z
F6{ 6|2 EE|6 3 |FE| 7|3 N|e|[olejoe|elZ
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6.9 Machine instruction table

Addressing mode

Symbol Function Details IMP IMM A BIT.A zP BIT,.ZP
OP/n |#|OP{n|#|[0OP|n |[$#|0P| n|#|OP|n OPin|#
JMP If addressing mode is ABS Jumps to the specified address.
PC_+—AD_
PCu+—ADy
If addressing mode is IND
PC_~—M(ADy, AD,)
PCu+—M(ADy, AD +1)
It addressing mode is ZP, IND
PC_ +—M (00, AD,)
PCL+—M (00, AD +1)
JSR M(S) —PCy After storing contents of program counter in
S+—8—1 stack, and jumps to the specified address.
M(S)—PC_
S+—8—1
After executing the above,
if addressing mode is ABS,
PC_+—AD_
PCy—ADy
It addressing mode is SP,
PC_+—AD_
PCn+—FF
If addressing mode is ZP, IND,
PC_+—M(00, AD,)
PCL+—M (00, AD 1)
LDA When T=0 Load accumulator with contents of memory. A9{ 22 A5 3
(Note 2) | A—M
When T=1 Load memory indicated by index register X with
M(X) —M contents of memory specified by the addres-
sing mode.
LDM M<+—nn Load memory with immediate value. 3C| 4
LDX XM Load index register X with contents of memory. A2| 212 A6{ 3
LDY Y—M Load index register Y with contents of memory. A0 2|2 A4 3
LSR 7 0 Shift the contents of accumulator or memory to 4A| 2 |1 46| 5
o—-C1-—cC the right by one bit.
The low order bit of accumulator or memory is
stored in carry, 7th bit is cleared.
MUL M(S) - A—AXM(zz+X) Multiplies the accumulator with the contents of
S+—S—1 memory specified by the zero page X addres-
sing mode and stores the high byte of the result
on the stack and the low byte in the accumu-
lator.
NOP PC~—PCH-1 No operation. EA| 2
ORA When T=0 “Logical OR's" the contents of memory and 09|22 053
(Note 1) | A—AVM accumutator. The result is stored in the accu-
mulator.
When T=1 “Logical OR's" the contents of memory indi-
M(X) —~M(X)VM cated by index register X and contents of mem-
ory specified by the addressing mode. The re-
sult is stored in the memory specified by index
register X.
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Addressing mode

Processor status register

ZP,X ZPY ABS ABS,X | ABSY IND ZP,IND | IND,X IND,Y REL SP 6({5(413|2|1}0
OP| n OP|n|#|OP| n|# 0P| n|#|OP| n |#|0P|n|#|OP n|#[0OP| n|#|0OP|n|# [OP|n OP| n viTiBiD|I|z|C
4C|{ 3|3 6C|513|B2| 4|2 elofolelelele

20(6(3 02|72 2215 e|elelelel|ele

B5| 4 IAD| 4| 3BD{5[3|B95|3 A1/6|2([B16|2 elefe]e]|e|Z]-
B6[ 412 (AE| 4|3 BE| 5|3 e|efolefelzie

B4| 4 IAC| 413 [BC 5|3 ele|o|ofjolz]e
56| 6 4E| 6 |3 |5E| 7| 3 eleje|ele|Z2IC
62]15 eloefloeflo|olele
15 4 0D 4{3(1D|5(3]19/5|3 01{6{2([11{6]2 efeje|eje]|Z}e
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6.9 Machine instruction table

Addressing mode

Symbol Function Details IMP IMM A BIT,A zP BIT.ZP
OP/ n|# (0P| n OP| n OP|n |#|OP|n|#|OP|n|#
PHA M(S)+—A Saves the contents of the accumulator in memory {48 3 | 1
S+—S—1 at the address indicated by the stack pointer and
decrements the contents of stack pointer by 1.
PHP M(S)+—PS Saves the contents of the processor status reg- {08 3 | 1
S+—S—1 ister in memory at the address indicated by the
stack pointer and decrements the contents of
the stack pointer by 1.
PLA S+—S+41 Increments the contents of the stack pointer by 1 |68 4 | 1
A+—M(S) and restores the accumulator from the memory at
the address indicated by the stack pointer.
PLP S+S+1 Increments the contents of stack pointer by 1 and [28] 4 | 1
PS+—M(S) restores the processor status register from the mem-
ary at the address indicated by the stack pointer.
ROL 7 0 Shifts the contents of the memory or accumula- 2A1 2 26152
2 tor to the left by one bit. The high order bit is
shifted into the carry flag and the carry flag is
shifted into the low order bit.
ROR 7 0 Shifts the contents of the memory or accumuia- 6A| 2 66| 5|2
T | tor to the right by one bit. The low order bit is
shifted into the carry flag and the carry flag is
shifted into the high order bit.
RRF 7 0 Rotates the contents of memory to the right by 4 82182
ct bits.
RTI S+—S+1 Returns from an interrupt routine to the main {40| 6 | 1
PS+—M(S) routine.
S+—S+1
PC_+M(S)
S+—S+1
PC+—M(S)
RTS S+—S-1 Returns from a subroutine to the main routine. |60 6 | 1
PC_—M(S)
S+—S+1
PCL+—M(S)
SBC When T=0 Subtracts the contents of memory and comple- E9| 2 E5/ 3|2
(Note 1) | A~A—M—C ment of carry flag from the contents of accumula-
(Note 5) tor. The results are stored into the accumulator.
When T=1 Subtracts contents of complement of carry flag
M(X)—M{X)—M—C | and contents of the memory indicated by the
addressing mode from the memory at the
address indicated by index register X. The re-
sults are stored into the memory of the address
indicated by index register X.
SEB Ap or Mp+—1 Sets the specified bit in the accumulator or 0B| 2|1 OF|5|2
memory to “1.” 20i 20
SEC C+1 Sets the contents of the carry flag to “1.” 381211
SED D+1 Sets the contents of the decimal mode flag to [F8{ 2 | 1
o
SEI I—1 Sets the contents of the interrupt disable flagto {78} 2 | 1
wn
SET T+1 Sets the contents of the index X mode flag to {32| 2 | 1
w
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6.9 Machine instruction table

Addressing mode Processor status register

ZP.X ZPY ABS ABS,X | ABS\Y IND ZP,IND | IND,X IND,Y REL SP 716(5]|413|2]1

OP|n [# 0P| n|$#[OP|n|#|0P|n (# 0P| n |#10P|n #|OP|n|#[OP|n # (0P| n|#|OP|n|# 0P| n|#|N|V|T|B[D|I]|Z

e |lefe oo eie

(Value saved in stack)

36|62 2E[6 |3 |3E| 7|3 N|le|oe|[e]el=]z

7616 |2 6E| 6|3 |7E| 7|3 N|e|lelelele|Z

(Value saved in stack)

F5{4 |2 ED{ 4 |3 FD|5 |3 |F9|5 |3 E1/6|2(F1/6|2 N|Viejeleje|Z
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6.9 Machine instruction table

Addressing mode
Symbol Function Details IMP IMM A BIT.A ZP BIT,ZP
OP|n [#|OP|n |# 0P| n |#|OP| n|# [OP|n |# {OP| n |#
STA M+—A Stores the contents of accumulator in memory. 85/4|2
STP Stops the oscillator. 4221
STX M+—X Stores the contents of index register X in 86| 4|2
memory.
STY MY Stores the contents of index register Y in 84142
memory.
TAX X+—A Transfers the contents of the accumulator to in- |AA| 2 | 1
dex register X.
TAY Y+A Transfers the contents of the accumulator to in- A8} 2 | 1
dex register Y.
TST M=0? Tests whether the contents of memory are “0” 64|32
or not.
TSX XS Transfers the contents.of the stack pointer to in- [BA| 2 | 1
dex register X.
TXA A+—X Transfers the contents of index register X to the (8A| 2 | 1
accumulator.
TXS S+X Transfers the contents of index register X to the [SA| 2 | 1
stack pointer.
TYA A—Y Transfers the contents of index register Y to the |98| 2 | 1
accumulator.
wIT Stops the internal clock. C2[2 |1
Note 1 : The number of cycles “n” is increased by 3when T is 1.

“_»

1
2 : The number of cycles “n” is increased by 2when T is 1.
3 . The number of cycles “n” is increased by 1 when T is 1.
4 “ n

5

. The number of cycles “n” is increased by 2 when branching has occurred.
N, V, and Z flags are invalid in decimal operation mode.
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6.9 Machine instruction table

Addressing mode Processor status register
ZP.X ZPY ABS ABS,X | ABS)Y IND ZP,IND | INDX IND,Y REL SP 7|615{4(3|2}|1]|0
OP|n|#|OP|n|#|OP/n|H#{OPn|#[OP[n |(#|OP|n|# [OP| n |H# [OP|n|#|OP|n | |OP|n |# [OP|n|#|N|V|T|B|D|I|Z]|C
95|52 8D|5{3|9D|6]3199|6|3 8117291172 e|lejoele]|e|elel|e
e]lejoele|oalelale
96| 5| 2|8E| 53 eje|e|oefe|le]|el|e
94|5|2 8C|51|3 eje|oelejele]|ele
Nloe|[o|e|ofje|Z]e
Nie|o|o|e]e|z]|e
N|o|o|oeleje|zZ]e
Nloetlejoeloelelzle
N! e ) . . e | Z .
N|leleo|ole|eiZ|e
Symbol Contents Symbol Contents
IMP Implied addressing mode -+ Addition
IMM Immediate addressing mode - Subtraction
A Accumulator or Accumulator addressing mode A Logical OR
\" Logical AND
BIT, A Accumulator bit relative addressing mode » Logical exclusive OR
_ Negation
ZP Zero page addressing mode - Shows direction of data flow
BIT, ZP Zero page bit relative addressing mode X Index register X
Y Index register Y
ZP, X Zero page X addressing mode S Stack pointer
ZP, Y Zero page Y addressing mode PC Program counter
ABS Absolute addressing mode PS Processor status register
ABS, X Absolute X addressing mode PCx 8 high-order bits of program counter
ABS, Y Absolute Y addressing mode PC_ 8 low-order bits of program counter
IND Indirect absolute addressing mode ADy 8 high-order bits of address
AD_L 8 low-order bits of address*
ZP, IND Zero page indirect absolute addressing mode FF FF in Hexadecimal notation
nn Immediate value
IND, X Indirect X addressing mode M Memory specified by address designation of any
IND, Y Indirect Y addressing mode addressing mode
REL Relative addressing mode M (X) Memory of address indicated by contents of index
SP Special page addressing mode register X
C Carry flag M (S) Memory of address indicated by contents of stack
y4 Zero flag pointer
l Interrupt disable flag M(ADy, AD,) Contents of memory at address indicated by ADy and
D Decimal mode flag AD., in ADy is 8 high-order bits and AD_ is 8 low-
B Break flag order bits.
T X-modified arithmetic mode flag M(00, AD,) Contents of address indicated by zero page AD,
v Overflow flag Ap 1 bit of accumulator
N Negative flag Mp 1 bit of memory
OoP Opcode
n Number of cycles
# Number of bytes
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6.10 Instruction code table

D3—Do| 0000 | 0001 | 0010 | 0011 | 0100 [ 0101 | 0110 | 0111 | 2000 | 2001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
D7 \dexadecimal
Xm0 123|456 |7|8|9|Aa|B|C|D|E|F
R 0 2 o o o v i e P P
I o5 e i e e e R e R S
0010 2 JSR | AND | JSR | BBS | BIT | AND | ROL | BBS PLP AND | ROL | SEB | BIT [ AND | ROL | SEB
ABS | IND,X| SP 1A ZP ZP ZP | 1,ZP IMM A 1A | ABS | ABS | ABS | 1,ZP
o 10 3 0 o e A S A B R B A A
T R e e e A B Rl R P A
o | 5 o 2o [ = ] — oo o o [ — [ — i o
I e e i A Y e el e R
I e e e e et i
o | 8 oS 5 o o | — [ [
i v o o e e e e
AN EEREEEENERREEEE
| B oes 15825 10700 w19 o[22 o 2
| G e [P [P oy e S e
I e e 5 9 O e e e S
o [ [ = [ T oo [ [ 2
T e o e i o e B A A
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6.11 Mask ROM ordering method

When placing an order, please submit the information described below.

0 M37221M4-XXXSP Mask ROM Ordering Confirmation Form......... 1 set
(Please use the pages P6-65 to P6-67)
M27221M8-XXXSP Mask ROM Ordering Confirmation Form......... 1 set
(Please use the pages P6-68 to P6-70)
M37221M6-XXXSP/FP Mask ROM Ordering Confirmation Form......... 1 set
(Please use the pages P6-71 to P6-73)
M27221MA-XXXSP Mask ROM Ordering Confirmation From......... 1 set
(Please use the pages P6-74 to P6-76)
M27220M3-XXXSP/FP Mask ROM Ordering Confirmation From......... 1 set
(Please use the pages P6-77 to P6-79)

OData to be written to mask ROM......... EPROM (DIP Type 27C101)
(Please provide 3 sets containing the identical data)

OMark Specification Form......... 1 set
(Please use the pages P6-80 and P6-81)
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6.11 Mask ROM ordering method

GZZ-SH10-10B < 59B0 >

Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37221M4-XXXSP

MITSUBISHI ELECTRIC Date :
Section head | Supervisor
- signature signature
=%
©
o
o]
v

Note : Please fill in all items marked 0.

Company TEL Submitted by | Supervisor
name ( ) § g
O | Customer g ©
Date Date : 32
issued ’

O 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three EPROMSs are required for each pattern.
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMSs.

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

[0 27C101
EPROM address
000016

Product name
ASCII code :
000F16 ‘M37221M4

C00016 data
FFFF16 ROM 16 K bytes
1000016 N
107FF 16 Character ROM 1-a
1080016
10FFF1s Character ROM 2-a
1100015 Ch: ter ROM 1-b
117FF 6| 0 ecter FOM
1180015 Character ROM 1-b
11FFF1se
1FFFFi6

Q) Set “FF16" in the shaded area.
(2)  Write the ASCII codes that indicates the product name of “M37221M4-"to addresses 000016 to 000F1s.
EPROM data check item (Refer the EPROM data and check “ 0" in the appropriate box)
e Do you set “FF1¢” in the shaded area ? - Yes[]
e Do you write the ASCII codes that indicates the product
name of “M37221M4-"to addresses 000016 to 000F 16 ? - Yes[]

O 2. Mark specification
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate
mark specification form (42P4B for M37221M4-XXXSP) and attach to the mask ROM confirmation form.

0 3. Comments
(2/3)
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GZZ-SH10-10B <59B0 >

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37221M4-XXXSP

MITSUBISHI ELECTRIC

Writing the product name and character ROM data onto EPROMs

Addresses 000016 to 000F1s6 store the product name, and addresses 10000 16 to 11FFF16 store the character pattern.

If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, the

ROM processing is disabled. Write the data correctly.

1. Inputting the name of the product with the ASCII code Address
ASCII codes ‘M37221M4-’ are listed on the right. 000016

The addresses and data are in hexadecimal notation. 000116
000216

000316
000416
000516
000616
000716

2. Inputting the character ROM

Input the character ROM data by dividing it into character ROM1 and character ROM2. For the character ROM data,

see the next page and on.

2/13)

‘M'=4D 15
‘33 =33 16
‘77=37 16
‘22=32 15
‘2°=32 16
‘1’=31 16
‘M = 4D 3
‘4'=3 4 15

Address
000816
000916
000A16
000B16
000C16
000D1s
000E16
000F1s

Z =2D 1

FF 16

FF 16

FF 16

FF 6

FF 16

FF 16

FF 6
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6.11 Mask ROM ordering method

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37221M4-XXXSP

MITSUBISHI ELECTRIC

The structure of character ROM (divided of 12 (J16 dots font)

Example

Example

DO00000000000 et
Character code I Write the character code “00 16” to “7F16”
aae DOOODBOOOOON  agareses 1000016 to 10FFFs.
DooomOmoognn Write the character code “80 16” to “FF16”
EE%E E % E E % % EE to addreses 1100016 to 11FFFis.
|| | |
QoUmooUomuoon
LUOmoooUmoud
(|| ] [
OLUAEEEEENC ][]
] || | ]
] || | ]
URUUO000Omon
I O
I o
P Character » g Character
) ROM1 > Cromz
© &
b7 bs bs ba bs b2 b1 bo b7 bs bs b4 bs b2 b1 bo
M, 0OO00000 oo O™ 190, OO Foue
101AFs * OOO0C MO0 o4 100AF 1 000 Foss
2 JOOOU UL 041 2 IEENLLON Foss
s UOOCEUIED] oA 3 000 Foss
4 JUOOL UMD oA 4 IEERUOON Fos
s IO MOJOOM 116 5 IR0 Fos
6 LJOILJMUIOICE 115 6 MIERLILIOIL) Foss

7UoUmdoon
s JURUOOOO
o LJLIMIJOUIL]
ALl ANEEER
s LJAUIOIOIOIO0L
cURDUOOUN
o LJRODOO0O0
=3 I O O
I o

1116
2016
2016
3F16
4016
4016
4016
0016
0016

(3/3)

7 H|E[N
—— e
o eEL0n
A o0
B L Im]
o H mm
D LIt
E WOl
F o

FO16
F816
F816
F816
F416
F416
F416
FO1s6
FO16

7220 Group User’'s Manual

6-67



APPENDIX

6.11 Mask ROM ordering method

GZZ-SH11-58B < 72A0 >

Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37221M8-XXXSP

MITSUBISHI ELECTRIC Date :
Section head | Supervisor
- signature signature
=%
©
o
o]
v

Note : Please fill in all items marked 0.

Company TEL Submitted by | Supervisor
name ( ) § g
O | Customer g ©
Date Date : 32
issued ’

O 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three EPROMS are required for each pattern.
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMSs.

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

[0 27C101
EPROM address
000016

Product name
ASCII code :
000F16 ‘M37221M8 '

800016 data
FFFF16 ROM 32 K bytes
1000016 N
107FF 16 Character ROM 1-a
1080016
10FFF1s Character ROM 2-a
1100015 Ch: ter ROM 1-b
117FF 6| o acter FOM
1180015 Character ROM 1-b
11FFF1se
1FFFFi6

Q) Set “FF16" in the shaded area.
(2)  Write the ASCII codes that indicates the product name of “M37221M8-"to addresses 000016 to 000F1s.
EPROM data check item (Refer the EPROM data and check “ 0" in the appropriate box)
e Do you set “FF1¢” in the shaded area ? - Yes[]
e Do you write the ASCII codes that indicates the product
name of “M37221M8-"to addresses 000016 to 000F 16 ? - Yes[]

O 2. Mark specification
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate
mark specification form (42P4B for M37221M8-XXXSP) and attach to the mask ROM confirmation form.

0 3. Comments
(2/3)
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GZZ-SH11-58B <72A0 >

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37221M8-XXXSP
MITSUBISHI ELECTRIC

Writing the product name and character ROM data onto EPROMs

Addresses 000016 to 000F 16 store the product name, and addresses 10000 16 to 11FFF1s store the character pattern.
If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, the
ROM processing is disabled. Write the data correctly.

1. Inputting the name of the product with the ASCII code Address Address
ASCII codes ‘M37221M8-’ are listed on the right. 000016 | ‘M'=4Da16 | 000816 |- =2D s
The addresses and data are in hexadecimal notation. 000116 3 =331 000916 FF 16
000216 ‘7'"=37 16 000A16 FF s
000316 ‘22=32 15 000B16 FF 16
000416 ‘2°=32 16 000C16 FF 6
000516 ‘1'=31 16 000D16 FF 6
000616 ‘M =4D 15 000E16 FF 16
000716 ‘88=38 16 000F1s FF 6

2. Inputting the character ROM
Input the character ROM data by dividing it into character ROM1 and character ROM2. For the character ROM data,
see the next page and on.

2/13)
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6.11 Mask ROM ordering method

GZZ-SH11-58B< 72A0 >

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37221M8-XXXSP
MITSUBISHI ELECTRIC

The structure of character ROM (divided of 12 (J16 dots font)

Example DO00000000000 et
Character code  [JLILILICIMUICICILIOIN \write the character code “00 16" to “7F 16"
“1A16” %%E%EEEE%%S% to addreses 1000016 to 10FFFs.
Write the character code “80 16” to “FF16”
DO mOmonnnn to addreses 1100016 to 11FFF1s.

OOOmOOoOmOOon
OOOmOOoOmOOon
OOO0mOOd0OmO00n
OOmOO000mon0n
OOmOJOO000OmOaon
OO0mEEEEEN 0]
OROOO0000OmO0
OROOO0000OmO0
OmROO0O0000mson
UOO0000000000
UOO00000000n0n6
P Character » g Character
) ROM1 > Comz *
© o
b7 bs bs ba bz b2 b1 bo b7 bs bs ba bs b2 b1 bo
Example 10]'.[1:0160 OO0OD0O0000 00 Example 109;20160 000 Foss
o 100000MO0 oss e 1 EEEEROOO0 Fou
2 JOOOOD MO o041 2 OO0 Foe
sUOODOMOIMO] oas 3 OO0 Fos
4+ OO0 MOIME] oass 4 EEECIOO0 Fos
s IO IMOICICTIM 11 s OO0 Fows
6 LI IMCICICIIM 1156 6 ML IO Fowe
7 JOOMOOOM 115 7 EDDD FO16
s LILIMUIOIOON 20 8 OO0 Fsie
o JUMOIIOIOIOIE] 2016 o ME L] F8is
AOCOHENEEEN 3756 A NEE OO P8
B LIMCICICICICICT 4016 B ML ML) Faus
c IRUOIOOON 405 c L IMOIL] Fas
o IO 40 D NN M Faws
e JOOOOOEE ooss S
FOOOOOOOMO oo F OO0 Fows

(3/3)
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GZZ-SH09-46B < 52C0 >

Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37221M6-XXXSP/FP

MITSUBISHI ELECTRIC Date :
Section head | Supervisor
- signature sighature
o
D
(8]
o)
o

Note : Please fill in all items marked 0.

Company TEL Submitted by | Supervisor
name ( ) é g
[0 | Customer g §
Date Date : 82
issued ate -

O 1. Confirmation
Specify the name of the product being ordered and the type of EPROMSs submitted.
Three EPROMSs are required for each pattern.
If at least two of the three sets of EPROMSs submitted contain identical data, we will produce masks based on
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMSs.

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

[ 27C101
EPROM address
000016

Product name
ASCII code :
000F16 ‘M37221M6 '

A00016 data
EEFF1s ROM 24 K bytes
1000016

107FF6
1080016

10FFF16
1100016

117FF16
1180016

11FFF1e
1FFFF16

Character ROM 1-a

Character ROM 2-a

Character ROM 1-b

Character ROM 1-b

(1) Set“FF6” in the shaded area.
(2)  Write the ASCII codes that indicates the product name of “M37221M6-"to addresses 000016 to 000F1s.
EPROM data check item (Refer the EPROM data and check “ 0" in the appropriate box)
e Do you set “FF16” in the shaded area ? - Yes[]
® Do you write the ASCII codes that indicates the product
name of “M37221M6~" to addresses 000016 to 000F 16 ? - Yes[]

0 2. Mark specification
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate
mark specification form (42P4B for M37221M6-XXXSP, 42P2R-A for M37221M6-XXXFP) and attach to the mask
ROM confirmation form.

0 3. Comments
(1/3)
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GZZ-SH09-46B <52C0 >

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37221M6-XXXSP/FP

MITSUBISHI ELECTRIC

Writing the product name and character ROM data onto EPROMs

Addresses 000016 to 000F 16 store the product name, and addresses 10000 16 to 11FFF16 store the character pattern.

If the name of the product contained in the EPROMSs does not match the name on the mask ROM confirmation form, the

ROM processing is disabled. Write the data correctly.

1. Inputting the name of the product with the ASCII code Address
ASCII codes ‘M37221M6-’ are listed on the right. 000016

The addresses and data are in hexadecimal notation. 000116
000216

000316
000416
000516
000616
000716

2. Inputting the character ROM

Input the character ROM data by dividing it into character ROM1 and character ROM2.

see the next page and on.

(2/3)

‘M =4D 15
‘37=33 16
‘77=37 16
2°=32 4
'2°=32 15
‘1'=31 16
‘M'=4D 16
‘6’=3615

Address
000816
000916
000A16
000B16
000Ca1s
000D16
000E1s
000F16

For the character ROM data,

Z =2D 16

FF 6

FF e

FF 6

FF 6

FFie

FF 16

FF 6
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6.11 Mask ROM ordering method

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37221M6-XXXSP/FP
MITSUBISHI ELECTRIC

The structure of character ROM (divided of 12 [J16 dots font)

Example

Example

Character code

101A016
to
101AF16

I
0|
0|
Oooomomoooog
(||| ||

“1 Arg”

Ooomooomooon
OoomRooomooon]
OOUmOOU U0
LUmuoooUmoog]
()IN] || ] .
O AAEERERCC0]
(B) | ) |
UROOOD00DOmo0
(] ||| ]|
I
0

P Character

» 4 Character

O

b7 bs bs ba bs b2 b1 bo
(o 18 I O
1 OO0 0OmOo0
2 JOOOOmOO
sUOODOD MO
« JUOOOMCOEO
s JOOEOOOM
e UMM
7 JOUOmROO0Om
s JOMOIOIOOO
o LJOMIIOOM
Al ANEEENR
s JRUIOIOOO0
cURUOOO0O0
o LJROOOOON
e JOOOOOO0
FUOOOOOOa0

ROM1

0016
0416
0416
OA16
OA16
1116
1116
1116
2016
2016
3F1s
4016
4016
4016
0016
0016

ROM2

Example

(313)

&

109A016
to
109AF16

(Note)

Write the character code “00 16” to “7F16”
to addreses 1000016 to 10FFF1s.

Write the character code “80 16” to “FF16”
to addreses 1100016 to 11FFF1s.

b7 bs bs ba bs b2 b1 bo
o WO
1 4o
2 o
3 OO
4 OO0
5 00
6--.DEE%
7
e
o 0
A o0
B W]
c o]
D LMot
E 000
F o0

FO1e
FO16
FO1e
FO1e
FO16
FO1e
FO16
FO1e
F816
F816
F816
F416
F41e
F416
FO1e
FO16
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6.11 Mask ROM ordering method

GZZ-SH10-46B < 5ZA0 >

Mask ROM number

SERIES MELPS 740 MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37221MA-XXXSP

MITSUBISHI ELECTRIC Date :
Section head | Supervisor
- signature sighature
o
D
(8]
o)
o

Note : Please fill in all items marked 0.

Company TEL Submitted by | Supervisor
name ( ) § g
0| Customer g c
Date Date : 82
issued ate:

O 1. Confirmation
Specify the name of the product being ordered and the type of EPROMSs submitted.
Three EPROMSs are required for each pattern.
If at least two of the three sets of EPROMSs submitted contain identical data, we will produce masks based on
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMSs.

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

[ 27C101
EPROM address
000016

Product name
ASCII code :
000F16 ‘M37221MA ~'

600016 data

FFFF16 ROM 40 K bytes
1000016
107FF16
1080016
10FFF16
1100016
117FF16
1180016

11FFFs

Character ROM 1-a

Character ROM 2-a

Character ROM 1-b

Character ROM 2-b

1FFFF16

Q) Set “FF16” in the shaded area.
(2)  Write the ASCII codes that indicates the product name of “M37221MA-"to addresses 0000 16 to 000F 16.
EPROM data check item (Refer the EPROM data and check “ 0" in the appropriate box)
e Do you set “FF 16" in the shaded area ? - Yes []
® Do you write the ASCII codes that indicates the product
name of “M37221MA-"to addresses 000016 to 000F16 ? - Yes[]

0 2. Mark specification
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate
mark specification form (42P4B for M37221MA-XXXSP) and attach to the mask ROM confirmation form.

0 3. Comments
(1/3)
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6.11 Mask ROM ordering method

GZZ-SH10-46B <5ZA0 >

SERIES MELPS 740 MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37221MA-XXXSP
MITSUBISHI ELECTRIC

Writing the product name and character ROM data onto EPROMs

Addresses 000016 to 000F16 store the product name, and addresses 10000 16 to 11FFF16 store the character pattern.
If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form,
the ROM processing is disabled. Write the data correctly.

1. Inputting the name of the product with the ASCII code Address Address
ASCII codes ‘M37221MA-’ are listed on the right. 000016 | 'M'=4D s 000816 |~ =2D s
The addresses and data are in hexadecimal notation. 000116 | 3" =3 316 000916 FFie
000216 7' =37 16 000A16 FF 6
000316 2" =32 15 000B1s FFi6
000416 ‘2" =32 16 000C1s6 FFis
000516 ‘1" =31 16 000D16 FF 16
000616 ‘M =4D 15 000E 16 FF 16
000716 ‘A'=41 15 000F16 FFis

2. Inputting the character ROM

Input the character ROM data by dividing it into character ROM1 and character ROM2. For the character ROM data,
see the next page and on.

(213)
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6.11 Mask ROM ordering method

GZZ-SH10-46B< 5ZA0 >

SERIES MELPS 740 MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37221MA-XXXSP
MITSUBISHI ELECTRIC

The structure of character ROM (divided of 12 016 dots font)

Example UOOOOOO0OOO00  (Note)
Character code [ [ ][ ][I/ ICICICICIC] write the character code “00 16” to “7F16”
“1A16” OOO0O0OMOOOO0ON  to addresses 1000016 to 10FFF 6.
OO MOMOOOO0 write the character code “80 167 to “FF16”
OO OO0 1o addresses 1100016 to 11FFFa6.,
(] (i) (.
[ [ (.
OODOROOOROO00
OOmROOOO0mo0n
OOROO0OO00OmoO00
mm | [ 111 | |mmN
OROOOOO00m0O0
OROOO00000mon
OROOOOO00m0O0
N I I I
N
« Character > 4_Character
ROM1 ROM2

b7 be bs ba bs b2 b1 bo Example 109A01s b7 be bs ba bs b2 b1 bo
o LOOOOOMEE oo o MmmLIOIOO Fos

Example  101A01s

roees, 1 DOOOCOMOD o4 roone, I ERROOO0 Fow
*2 O000CMO0 o4 * 2 mmesO000 Fou
3 DOOOCOMOMO oaw 3 0000 Fos
+000CMOMO] oA + 0000 Fos
s OOOMOOCE 11 s 0000 Fos
s DOOCOMOOCM 11 s ImmO000 Fos
7 OOCEMO00OE 11 7 E— ol
s JUMUUUDD 205 8 LILIL] e
s DOOMIO000 20 o meEOO0 Fe
AULHEREEN 35 A RO Fee
s OMO00000 0w B MO0 Fa
cOMO00000 4o c EEEOEO0 Fa
o OMOO0000 40w D MO0 Fa
e 00000000 oo e 0000 Fos
r 00000000 oo F 0000 Fos

(3/3)
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6.11 Mask ROM ordering method

GZZ-SH09-72B < 56B0 >

Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37220M3-XXXSP

MITSUBISHI ELECTRIC Date :
Section head | Supervisor
- signature sighature
o
D
(8]
o)
o

Note : Please fill in all items marked 0.

Company TEL Submitted by | Supervisor
name ( ) é g
[0 | Customer g §
Date Date : 82
issued '

O 1. Confirmation
Specify the name of the product being ordered and the type of EPROMSs submitted.
Three EPROMSs are required for each pattern.
If at least two of the three sets of EPROMSs submitted contain identical data, we will produce masks based on
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMSs.

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

[ 27C101
EPROM address
000016

Product name
ASCII code :
000F16 ‘M37220M3 —'

DO00016

data

ROM 12 K bytes
FFFF16

1000016

Character ROM 1

107FF16
1080016

Character ROM 2

10FFF16
1100016

1FFFF16

Q) Set “FF16” in the shaded area.
(2)  Write the ASCII codes that indicates the product name of “M37220M3-"to addresses 000016 to 000F16.
EPROM data check item (Refer the EPROM data and check “ 0" in the appropriate box)
e Do you set “FF16” in the shaded area ? - Yes[]
® Do you write the ASCII codes that indicates the product
name of “M37220M3-"to addresses 000016 to 000F 16 ? - Yes[]

0 2. Mark specification
Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate
mark specification form (42P4B for M37220M3-XXXSP) and attach to the mask ROM confirmation form.

0 3. Comments
(1/3)
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GZZ-SH09-72B <56B0 >

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37220M3-XXXSP

MITSUBISHI ELECTRIC

Writing the product name and character ROM data onto EPROMs

Addresses 000016 to 000F16 store the product name, and addresses 10000 16 to 10FFF16 store the character pattern.
If the name of the product contained in the EPROMSs does not match the name on the mask ROM confirmation form,

the ROM processing is disabled. Write the data correctly.

1. Inputting the name of the product with the ASCII code Address
ASCII codes ‘M37220M3-" are listed on the right. 000016

The addresses and data are in hexadecimal notation. 000116
000216

000316
000416
000516
000616
000716

2. Inputting the character ROM

Input the character ROM data by dividing it into character ROM1 and character ROM2.

see the next page and on.

(2/3)

Address
‘M'=4D 35 000816
‘3 =336 000916
‘77 =37 16 000A16
2" =321 000B16
2 =325 000C1s
‘0 =30 16 000D16
‘M'=4D 5 000E16
‘3 =336 000F16

For the character ROM data,

— =2Duss

FFie

FF 16

FF 16

FFie

FF i

FF 16

FF 16
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APPENDIX

6.11 Mask ROM ordering method

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37220M3-XXXSP

MITSUBISHI ELECTRIC

The structure of character ROM (divided of 12 (116 dots font)

Example

Example

Character code

101A016
to
101AF16

“1 Asg”

0
I N ] I
|| ]
Oooomomoooo
QooUmumoooog]
Ooomtooomoood
Ooomtooomoood
UOUmROOUmUOon
(] | ] |
] | |
OUNAEERERLC]
Omooooooomod
Omooooooomod
URUOOOOOOUEOL
I
(o

« Character > 4_Character
ROM1 ROM2

&

b7 bs bs ba bs b2 b1 bo
o LJUIOOOOAO
1 DJOOO0mO0
2 OO0 MmO
sUJOOOmOomO]
« JOO0ORCOEC]
s JOOEOO0n
e JOIIMOIOICIN
7 JOOmRO0OOm
s LICIMAOIOC1010]
o LJUIMOIOOOO
jymiml | | | | ||
s JERUIOOOOO
c JROOOOO0
o JROIOOOON
=38 I { o
(=3 { O

0016
0416
0416
OAa1s
OA1s
1116
1116
1116
2016
2016
3Fis
4016
4016
4016
0016
0016

Example 109A016

(3/3)

to
109AF16

b7 be bs ba bz b2 b1 bo
o LI
1 oo
2 o
il
4 IO
5 OO0
6--.D%%%
7

e
o MmO
A OO0
B L m]
c Lm0
D W
S
A HEE

FO16
FO1e
FO1e
FO16
FO1e
FO1e
FO16
FO1e
F816
F816
F816
F416
F416
F416
FO1e
FO16
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6.12 Mark specification form

6.12 Mark specification form

42P4B (42-PIN SHRINK DIP) MARK SPECIFICATION FORM

Mitsubishi IC catalog name

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special
mark (if needed).

A. Standard Mitsubishi Mark

eINANANNNNANAANANANANANNAQ®

Mitsubishi lot number
(6-digit or 7-digit)

A < {l - — —— Mitsubishi IC catalog name

; )
GUIVINIVININININIININAVAVAVARIRIRIVIUIUIVLE

B. Customer's Parts Number + Mitsubishi Catalog Name

ANNANAAANANAANANANNNN®

~—- Customer's parts number

i Note : The fonts and size of characters
are standard Mitsubishi type.

A ‘--‘ — — — Mitsubishi IC catalog name

Mitsubishi iot number
(6-digit or 7-digit) |

J
oUUUUUUUUUUUUUUUUUUT U

Note1 : The mark field should be written right aligned.
2 : The fonts and size of characters are standard Mitsubishi type.
3 : Customer’s parts number can be up to 15 characters :
Only 0~9, A~Z,+, —, /., (, ), & ©, . {period), and , (comma) are usable.
4 : If the Mitsubishi logo A is not required, check the box on the right. AMitsubishi logo is not required

C. Special Mark Required

ChlalalafatalalalatatalalaTatalalalalalalit:
J

oJUUTUUUUUUUUUUUUUUUUl®

Note1 : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will
be duplicated as close as possible. Mitsubishi lot number (6-digit or 7-digit) and mask ROM number (3-digit)
are always marked.

2:If the customer's trade mark logo must be used in the special mark, check the box below. Please submit a
clean original of the logo.
For the new special character fonts a clean font original (ideally logo drawing) must be submitted.
Special logo required
The standard Mitsubishi font is used for all characters except for a logo. E
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6.12 Mark specification form

42P2R-A (42-PIN SHRINK SOP) MARK SPECIFICATION FORM

Mitsubishi IC catalog name

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi catalog name and the special mark
(if needed).

A. Standard Mitsubishi Mark

© AAAAAAAARARRARAAAAAR

& kel — — — — Mitsubishi IC catalog name

<ft----- Mitsubishi IC catalog name

Mitsubishi lot number
(6-digit or 7-digit)

Y

@ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ@ E'“'ngsff;::s;i?: :::bs?zre of characters are standard

! Mitsubishi type.

|
<t — ~ ---Mitsubishi IC catalog name

I Notel: The mark field should be written right aligned.

- <~ - 2:The fonts and size of characters are standard
Mitsubishi lot number Mitsubishi type.
(6-digit or 7-digit) 3: Customer's Parts Number can be up to 11 char-

— acters : Only 0~9, A~2Z, +,—,/,(,), & ©, -
@ HQHHHQHHHHQHHHHQQQQHU@ (periods),, (commas) are usable.
4 :1f the Mitsubishi logo A is not required, check
the box below.
A Mitsubishi logo is not required

C. Special Mark Required
Note1 : If the Special Mark is to be printed, indicate the

@ ﬁ ﬁ ﬁﬁ ﬁﬁﬁﬁﬁ ﬁﬁﬁﬁﬁ ﬁﬁ ﬁﬁ ﬁﬁ ﬁ @ desired layout of the mark in the left figure. The
layout will be duplicated as close as possible.
Mitsubishi ot number (6-digit or 7-digit) and
Mask ROM number (3-digit) are always marked.
2:If the customer's trade mark logo must be used
in the Special Mark, check the box below.
Please submit a clean original of the logo.
For the new special character fonts a clean font
original (ideally logo drawing) must be sub-

L mitea

Special logo required
L
3: The standard Mitsubishi font is used for all char-
acters except for a logo.
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