M37212M4-XXXSP, M37212M6-XXXSP/FP
M37212EF-XXXSP/FP, M37212EFSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

MITSUBISHI MICROCOMPUTERS

and ON-SCREEN DISPLAY CONTROLLER

DESCRIPTION
The M37212M4-XXXSP, M37212M6-XXXSP/FP are single-chip mi-

crocomputers designed with CMOS silicon gate technology. It is
housed in a 52-pin shrink plastic molded DIP or a 80-pin plastic molded
QFP.

In addition to their simple instruction sets, the ROM, RAM and I/O
addresses are placed on the same memory map to enable easy pro-
gramming.

The M37212M6-XXXSP/FP has a PWM output function and a OSD
display function, so it is useful for a channel selection system for TV.
The feature of the M37212EF-XXXSP/FP and the M37212EFSP/FP
are similar to those of the M37212M6-XXXSP/FP except that these
chips have a built-in PROM which can be written electrically. The
differences between the M37212M6-XXXSP/FP and M37212M4-
XXXSP are the ROM size and the RAM size as shown below. Ac-
cordingly, the following descriptions will be for M37212M6-XXXSP/
FP unless otherwise noted.

Type name ROM size RAM size
M37212M4-XXXSP 16K bytes 320 bytes
M37212M6-XXXSP/FP 24K bytes 384 bytes
M37212EF-XXXSP/FP 62K bytes 1216 bytes
M37212EFSP/FP 62K bytes 1216 bytes

FEATURES
® Number of basic INStrUCtioNS ..........cccovvieriiiiiiieen 71
® Memory size
ROM......o.o...... 16 K bytes (M37212M4-XXXSP)
24 K bytes (M37212M6-XXXSP/FP)
62 K bytes (M37212EF-XXXSP/FP,
M37212EFSP/FP)
RAM.........cceees 320 bytes (M37212M4-XXXSP)
384 bytes (M37212M6-XXXSP/FP)
1216 bytes (M37212EF-XXXSP/FP,
M37212EFSP/FP)
ROM for display........cccocvevvrereeereesieesie e 8 K bytes
RAM for display.........cccceevevieeiiiieenieeesiieeens 96 bytes

e The minimum instruction execution time
.......................................... 0.5us (at 8 MHz oscillation frequency)
® POWEr SOUICE VOIAQE ....ooviveiieiiiieiiiee e 5V+£10%
® Power diSSIPAtION .......ccocuiiiiiiiieeiiie e 165 mw
(at 8 MHz oscillation frequency, Vcc=5.5V, at CRT display)
® Subroutine nesting....maximum 96 levels (M37212M4-XXXSP,
M37212M6-XXXSP/FP)
maximum 128 levels (M37212EF-XXXSP/FP,
M37212EFSP/FP)
O INTEITUPLS ..ttt 14 types, 14 vectors
® B-DIt tIMEIS ..o 4
® Programmable 1/O ports
(Ports PO, P1o-P14, P2, P30, P31, P40, P41)
® Input ports (Ports P15-P17, P32-P37, P42) .....ccccocoviiiiiiiieee

® Output ports (Ports P52—P55, P60—P63) ........cccccevieiiiiiiieniiieens 8
© 12 V WithsStand POrtS ........oooieiiiiiiiieiiiee e 12
O LED driVE POILS ..eeiiiiiieeiiiiieeeiiie ettt e e e e 4

e Serial I/0 .... 8-bit O 1 channel

PIN CONFIGURATION (TOP VIEW)

—
Hsync—[1] [52]—# P52/R
Vsync—m[2] [51] —» P53/G

P60/PWMO~e—[3] [50] —m P54/B
P61/PWM1-e— 4] [49] —= P55/0UT1
P62/PWM2-~a—[5] [48] - P20
PésPWM3=—[6] =z z [a]w=P2
POO/PWM4-a-»-[7] XY [E--p2:
PoyPwMs=»[8] NN [25wmp2s
PozPwMe=»[3] 2T [@==pos
Pos/PWM7=»[0 B [25-wmpos
PA2SNADS—w[] XX [F==pos
P4USCL/A-DE==[Z 57X [a=»=po;
P40/SouT(IN/A-D7 3 [13] VU [40]-=» p10/OUT2/A-D8
D-A-=—[14] <= [39] <> P11/SCL1
P3sINT2ADI—»[E NN [E-wplascL2
PRINTl—w[E] D8  [3]<»Ply/SDAL
P33/TIM3—»[17] mm [36] - P14/SDA2
mm
P32/TIM2— - [13] Ny [El=—P1sINT3/ADL
P24 ~a-»[19] o § [34] -— P16/A-D2
P25 - 20| %) [33] -— P17/A-D3
P26 e P1] o [32] <>~ P30
P27 e [22] [31] > P31
CNVss—m[3] [30] «—RESET
XIN— [24] [29] -— OSC1/P36
XouT--— 3] [28] <4 OSC2/P37
Vss—® 28] [27] 4—v/cc

Outline 52P4B

o Multi-master I2C-BUS interface ............ccocevevernnn. 1 (2 systems)
o A-D comparator (6-bit resolution) ..........ccccccveevivreennnen. 8 channels
© PWM OULPUL CirCUIt ...cveeviieeeiie e 14-bit O 1, 8-bit 0 8
e CRT display function
Number of display characters ................ 24 characters [ 2 lines
(16 lines maximum)
Kinds of characters .........cccoceeiiiieiiiieieeee 256 kinds
DOt SITUCLUE ..o 12 [0 16 dots
Kinds of character Sizes .........ccoovieiiiiiiiiiiiie e 3 kinds

Kinds of character colors (It can be specified by the character)
maximum 7 kinds (R, G, B)

Kinds of character background colors (It can be specified by the character)
maximum 7 kinds (R, G, B)

Kinds of raster colors (maximum 7 kinds)

Display position
HOMZONTAL ... 64 levels
VErtICAl ....veeeieiiicee e 128 levels

Bordering (horizontal and vertical)

APPLICATION
v
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MITSUBISHI MICROCOMPUTERS

M37212M4-XXXSP, M37212M6-XXXSP/FP
M37212EF-XXXSP/FP, M37212EFSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
and ON-SCREEN DISPLAY CONTROLLER

PIN CONFIGURATION (TOP VIEW)

3 g
< <
N - N N SN m
5 ooas £900
Q9 Vwuvw =< <
oo ldd388Es530Iaad S3 S 000 O
ZzzZaoooaAaaoaoapaZaoaooonpZooo 2222
3] [3] [2] [=] 2] [#] [#] [E] [£] 2] [3] [B] =] [=] [2] [2] [2] 5] [<] (2] (=] [=1S] ]
P21 -» [55] [40 | =+ P30
NC [Ceg] [39] NC
P20 67 (38 | -» P31
P55/0UT1 ~— [&8] [37] -— RESET
P54/B~e— [69] [36 | -+— OSC1/P36
P53/G~=— [70] [35] < OSC2/P37
P52/R-— 7] [34]-— Vcc
NC [7=] M37212M6-XXXFP [33] NC
NC E M37212EF-XXXFP, M37212EFFP [32] NC
Hsync— [74] [51]=+—Vss
Vsyne— [75] [30] —* Xout
P6o/PWMO ~*— [76] [29] <— Xin
P61/PWM1 - [77] (28] <— CNVss
P62/PWM2 -— [75] [27] ™ P27
NC [ 6] NC
P63/PWM3-— [50] O (5] NC
RIS ISIRISIGIEIRIEIEIEIEIRIEIRIEIEIEIZIEIEIEIE!
Q < w © < N S 1 ©
000028 uREE I EIfFR9LY
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a 9 @
N
a
Outline 80P6N-A NC : Unconnected
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MITSUBISHI MICROCOMPUTERS

M37212M4-XXXSP, M37212M6-XXXSP/FP

M37212EF-XXXSP/FP, M37212EFSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

and ON-SCREEN DISPLAY CONTROLLER
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MITSUBISHI MICROCOMPUTERS

M37212M4-XXXSP, M37212M6-XXXSP/FP
M37212EF-XXXSP/FP, M37212EFSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
and ON-SCREEN DISPLAY CONTROLLER

FUNCTIONS

Parameter

Functions

Number of basic instructions

71

Instruction execution time

0.5 us (the minimum instruction execution time, at 8 MHz oscillation fre-
quency)

Clock frequency

8 MHz (maximum)

Memory size ROM 24 K bytes
RAM 384 bytes
CRT ROM 8 K bytes
CRT RAM 96 bytes
Input/Output ports PO 1/0 8-bit [0 1 (N-channel open-drain output structure, can be used as PWM
output pins)
Plo /10 1-bit O 1 (CMOS input/output structure, can be used as CRT output pin,
A-D input pin)
P11-P14 110 4-bit O 1 (CMOS input/output or N-channel open-drain output structure,
can be used as multi-master 12C-BUS interface)
P15-P17 Input 3-bit O 1 (can be used as INT input pin, A-D input pins)
P20-P27 1/0 8-bit [0 1 (CMOS input/output structure)
P30, P31 lfe} 2-bit 0 1 (CMOS input/output structure)
P32-P37 Input 6-bit O 1 (can be used as external clock input pins, INT input pins, CRT
display clock I/O pins, A-D input pins)
P40, P41 lfe} 2-bit O 1 (N-channel open-drain output structure, can be used as serial I/O
pins, A-D input pins)
P42 Input 1-bit O 1(can be used as serial input pin, A-D input pin)
P52—P55 Output 4-bit 0 1 (CMOS output structure, can be used as CRT output pins)
P60-P63 Output 4-bit O 1(N-channel open-drain output structure, can be used as PWM
output pins)
Serial I/O 8-bit 0 1
Multi-master 12C-BUS interface 1 (2 systems)
A-D comparator 8 channels (6-bit resolution)
PWM output circuit 14-bit 0 1, 8-bit O 8
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, Multi-master 12C-BUS interface interrupt 0 1,
f(XIN)/4096 interrupt O 1, VsyNc interrupt O 1, BRK interrupt O 1
Clock generating circuit 2 built-in circuits (externally connected a ceramic resonator or a quartz-
crystal oscillator)
Power source voltage 5V+10%
Power dissipation CRT ON 165 mW typ. (at oscillation frequency fcpu = 8 MHz, fCRT = 8 MHz)
CRT OFF 110 mW typ. (at oscillation frequency fcpu = 8 MHz)
In stop mode 1.65 mW (maximum)

Operating temperature range

-10°Cto 70 °C

Device structure

CMOS silicon gate process

Package M37212M4-XXXSP, M37212M6-XXXSP,

M37212EF-XXXSP, M37212EFSP

52-pin shrink plastic molded DIP

M37212M6-XXXFP,
M37212EF-XXXFP, M37212EFFP

80-pin plastic molded QFP

CRT display function Number of display characters

24 characters [ 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 character

Display position (horizontal, vertical)

64 levels (horizontal) O 128 levels (vertical)
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MITSUBISHI MICROCOMPUTERS

M37212M4-XXXSP, M37212M6-XXXSP/FP
M37212EF-XXXSP/FP, M37212EFSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
and ON-SCREEN DISPLAY CONTROLLER

PIN DESCRIPTION

. Input/
Pin Name Output Name
\Y/ele} Power source Apply voltage of 5 V + 10 % to (typical) 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 is connected between pins XiN and
Xout Clock output Output XourT. If an external clock is used, the clock source should be connected to the XiN pin and
the XouT pin should be left open.
PO0/PWM4- | 1/O port PO 110 Port PO is an 8-bit I/0O port with direction register allowing each 1/O bit to be individually
PO3/PWM?7, programmed as input or output. At reset, this port is set to input mode. The output structure
P04-P0O7 is N-channel open-drain output. The note out of this Table gives a full of port PO function.
PWM output Output Pins P00—P03 are also used as PWM output pins PWM4-PWM7 respectively. The output
structure is N-channel open-drain output.
P10/OUT2/ |I/O port P1 /0 Port P10—-P14 are a 5-bit I/0 port and has basically the same functions as port PO. The
A-DS, output structure is CMOS output.
Ei;ggg CRT output Output Pins P1ois also used as CRT output pin OUT2. The output structure is CMOS output.
P13/SDA1', Multi-master /0 Pins P11-P14 are used as SCL1, SCL2, SDA1 and SDAZ2 respectively, when multi-master
P14/SDA2, |12C-BUS interface I2C-BUS interface is used. The output structure is N-channel open-drain output.
Analog input Input Pins P1o are also used as analog input pin A-D8.
P1s/INT3/ |!nput port P1 Input Port P15—-P17 are a 3-bit input port and has basically the same functions as port PO.
IélD/%A D2 Analog input Input Pins P15-P17 are also used as analog input pins A-D1 to A-D3 respectively.
6/A-DZ, - — - - -
P17/A-D3 |External interrupt Input P15 pin is also used as external interrupt input pin INT3.
input
P20-P27  |I/O port P2 110 Port P2 is an 8-bit I/O port and has basically the same functions as port PO. The output
structure is CMOS output.
P30, P31 [1/O port P3 I/0 Ports P30, P31 are a 2-bit I/0 port and has basically the same functions as port PO. The
output structure is CMOS output.
P32/TIM2, |Input port P3 Input Ports P32—P37 are a 6-bit input port and has basically the same functions as port PO.
Egiﬁl\ll'\'l{lf External clock input Input Pins P32, P32 are also used as external clock input pins TIM2, TIM3 respectively.
P3s5/INT2/ |External interrupt Input Pins P34, P35 are also used as external interrupt input pins INT1, INT2 respectively.
A-D4, input
Eg?;ggg% Analog input Input Pins P35 is also used as analog input pin A-D4.
Clock input for Input P36 pin is also used as CRT display clock input pin OSC1.
CRT display
Clock output for Output P37 pin is also used as CRT display clock output pin OSC2. The output structure is CMOS
CRT display output.

MITSUBISHI
ELECTRIC 5



MITSUBISHI MICROCOMPUTERS

M37212M4-XXXSP, M37212M6-XXXSP/FP
M37212EF-XXXSP/FP, M37212EFSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
and ON-SCREEN DISPLAY CONTROLLER

PIN DESCRIPTION (continued)

P40/SouT(INY | 1/O port P4 110 Ports P40, P41 are a 2-bit I/O port and has basically the same functions as port PO. The
A-D7, output structure is N-channel open-drain output.
Zf'é/GSCLK/ Serial I/O data 110 Pin P4o is also used as serial /0 data input/output pin SOUT(/IN). The output structure is N-
' input/output channel open-drain output.
Serial I/O synchro- /0 Pin P41 is also used as serial /0 synchronizing clock input/output pin ScLk. The output
nizing clock input/ structure is N-channel open-drain output.
output
Analog input pin Input Pin P40, P41 are also used as analog input pins A-D7, A-D6 respectively.
P42/SIN/ Input port P4 Input Port P42 is a 1-bit input port and has basically the same functions as port PO.
A-D5, Serial I/O data Input Pin P42 is also used as serial I/0O data input pin SIN.
input
Analog input Input Pin P42 is also used as analog input pin A-D5.
P52/R, Output port P5 Output Ports P52-P5s are a 4-bit output port and has basically the same functions as port P0. The
P53/G, output structure is CMOS output.
P54/B, CRT output Output Pins P52—P55 are also used as CRT output pins R, G, B, OUT1 respectively. The output
P55/0UT1 structure is CMOS output.
PBOPWMO- | oytput port P6 Output Ports P60—P63 are a 4-bit /0 port and has basically the same functions as port PO. The
P63/PWM3 output structure is N-channel open-drain output.
PWM output Output Pins P60—P63 are also used as PWM output pins PWMO0-PWM3 respectively. The output
structure is N-channel open-drain output.
Hsyne Hsync input Input This is a horizontal synchronizing signal input for CRT.
VsyNe VsyNc input Input This is a vertical synchronizing signal input for CRT.
D-A DA output Output This is a 14-bit PWM output pin.

Note : As shown in the memory map (Figure 3), port PO is accessed as a memory at address 00CO16 of zero page. Port PO has the port PO
direction register (address 00C116 of zero page) which can be used to program each bit as an input (“0”) or an output (“1"). The pins
programmed as “1” in the direction register are output pins. When pins are programmed as “0,” they are input pins. When pins are
programmed as output pins, the output data are written into the port latch and then output. When data is read from the output pins, the
output pin level is not read but the data of the port latch is read. This allows a previously-output value to be read correctly even if the
output “L” voltage has risen, for example, because a light emitting diode was directly driven. The input pins are in the floating state, so the
values of the pins can be read. When data is written into the input pin, it is written only into the port latch, while the pin remains in the
floating state.
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M3721

MITSUBISHI MICROCOMPUTERS

2M4-XXXSP, M37212M6-XXXSP/FP

M37212EF-XXXSP/FP, M37212EFSP/FP

SINGLE-CHIP

8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
and ON-SCREEN DISPLAY CONTROLLER

FUNCTIONAL DESCRIPTION

Central Processing Unit (CPU)
The M37212M6-XXXSP/FP uses the standard 740 family instruction

set. Refer to the table of 740 family addressing modes and machine
instructions or the SERIES 740 <Software> User’'s Manual for de-
tails on the instruction set.

Machine-resident 740 family instructions are as follows:

The FST, SLW instruction cannot be used.

The MUL, DIV, WIT and STP instruction can be used.

CPU Mode Register

The CPU mode register contains the stack page selection bit. The
CPU mode register is allocated at address 00FB1s6.

7

0

CPU mode register

|1|1|l|1|1| |0|0 (CPUM : address 00FB16)

Fix these bits to “0.”

Stack page selection bit (Note)
0 : Zero page
1:1 page

Fix these bits to “1.”

Note : Please beware of this bit when programming because it
is set to “1” after the reset release.

Fig. 1. Structure of CPU mode register

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37212M4-XXXSP, M37212M6-XXXSP/FP
M37212EF-XXXSP/FP, M37212EFSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

and ON-SCREEN DISPLAY CONTROLLER

MEMORY
Special Function Register (SFR) Area

The special function register (SFR) area in the zero page contains
control registers such as I/0O ports and timers.

RAM

RAM is used for data storage and for stack area of subroutine calls
and interrupts.

ROM

ROM is used for storing user programs as well as the interrupt vector
area.

RAM for Display

RAM for display is used for specifying the character codes and col-
ors to display.

ROM for Display

ROM for display is used for storing character data.

Interrupt Vector Area
The interrupt vector area contains reset and interrupt vectors.

Zero Page
The 256 bytes from addresses 000016 to 00FF16 are called the zero

page area. The internal RAM and the special function registers (SFR)
are allocated to this area.

The zero page addressing mode can be used to specify memory and
register addresses in the zero page area. Access to this area with
only 2 bytes is possible in the zero page addressing mode.

Special Page

The 256 bytes from addresses FF0016 to FFFF16 are called the spe-
cial page area. The special page addressing mode can be used to
specify memory addresses in the special page area. Access to this
area with only 2 bytes is possible in the special page addressing
mode.

000016 1000016
ROM
e e - for
RAM RAM RAM Zeropage (display
(1216 bytes) (384 bytes) (320 bytes) 00CO016 (8 K bytes)
for for SFR area 11FFF1s
M37212EF . M37212M6 M37212M4 O0FF16
N AN ~ {
017F16
01BF16
01FF16
Not used
030016
O5FF16
RAM 060016
for display (Note)
(96 bytes) 06B716 Not used
Not used
080016
AO00016
ROM ROM C00016
(62 Kfobrytes) (24 K bytes) ROM
for (16 K bytes)
M37212EF < m37212M6 for
M37212M4
FFO0016 }
FFDE16 Speci
pecial page
Interrupt vector area
FFFF16 uptv 1FFFF16
Note: Refer to Table 11. Contents of CRT display RAM.

Fig. 2. Memory map
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MITSUBISHI MICROCOMPUTERS

M37212M4-XXXSP, M37212M6-XXXSP/FP
M37212EF-XXXSP/FP, M37212EFSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
and ON-SCREEN DISPLAY CONTROLLER

00CO016 | port PO 00EO16 | Horizontal position register

00C116 | port PO direction register 00E116 | Vertical position register 1

00C216 | Port P1 00E216 | Vertical position register 2

00C316 | port P1 direction register 00E316

00C416 | port P2 00E416 | Character size register

00C516 |Port P2 direction register 00E516 | Border selection register

00C616 |Port P3 00E616 | Color register 0

00C716 | Port P3 direction register 00E716 | Color register 1

00C816 | port P4 00E816 | Color register 2

00C916 | Port P4 direction register 00E916 | Color register 3

00CAu1s6 | Port P5 00EA16 | CRT control register

00CB1s | port P5 direction register OOEB16

00CCaz1s6 | Port P6 00ECz16 | CRT port control register

00CD16 00EDzs6 | CRT clock selection register

00CE16 [ DA-H register 00EEzs | A-D mode register

00CF16 | DA-L register 00EF16 | A-D control register

00DO016 PWMO register 00F016 |Timer 1

00D116 [pwM1 register 00F116 [Timer 2

00D216 | PWM2 register 00F216 [Timer 3

00D316 | PWM3 register O00F316 [Timer 4

00D416 [ pPwWM4 register 00F416 [Timer 12 mode register

00D516 PWM output control register 1 00F516 |Timer 34 mode register

00D616 | PWM output control register 2 00F616 | PWMS register

00D716 ||1%C data shift register 00F716 [PWMS6 register

00D816 ||°C address register 00F816 |PWM?7 register

00D916 | |2C status register 00F916 | Interrupt input polarity register

00DA16 | |2C control register 00FA16

00DB1s | |12C clock control register 00FB16 | CPU mode register

00DC16 | Serial I/0 mode register 00FCzs | Interrupt request register 1

00DD16 | Serial I/O register 00FDzs | Interrupt request register 2

OODE1s 00FEz1s | Interrupt control register 1

00DF16 00FF16 [ Interrupt control register 2
Note: For M37212EF-XXXSP/FP and M37212EFSP/FP, fix the bits 1 and 0 at addres 021B16 to “0” (at reset, these bits are fixed to “0").

Fig. 3. Memory map of special function register (SFR)
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INTERRUPTS

Interrupts can be caused by 14 different sources consisting of 4 ex-

ternal, 8 internal, 1 software, and reset. Interrupts are vectored inter-

rupts with priorities shown in Table 1. Reset is also included in the

table because its operation is similar to an interrupt.

When an interrupt is accepted,

(1) The contents of the program counter and processor status
register are automatically stored into the stack.

(2) The interrupt disable flag I is set to “1” and the corresponding
interrupt request bit is set to “0.”

(3) The jump destination address stored in the vector address enters
the program counter.

Other interrupts are disabled when the interrupt disable flag is set to

wpn

All interrupts except the BRK instruction interrupt have an interrupt

request bit and an interrupt enable bit. The interrupt request bits are

in interrupt request registers 1 and 2 and the interrupt enable bits are

in interrupt control registers 1 and 2. Figure 4 shows the structure of

the interrupt-related registers.

Interrupts other than the BRK instruction interrupt and reset are ac-

cepted when the interrupt enable bit is “1,” interrupt request bit is “1,”

and the interrupt disable flag is “0.” The interrupt request bit can be

set to “0” by a program, but not set to “1.” The interrupt enable bit can

be set to “0” and “1” by a program.

Reset is treated as a non-maskable interrupt with the highest priority.

Figure 5 shows interrupt control.

Table 1. Interrupt vector addresses and priority

Interrupt Causes
(1) VsyNc and CRT interrupts

The VsyNC interrupt is an interrupt request synchronized with
the vertical sync signal.
The CRT interrupt occurs after character block display to the CRT
is completed.

(2) INT1, INT2, INT3 interrupts
With an external interrupt input, the system detects that the level
of a pin changes from “L” to “H” or from “H” to “L,” and generates
an interrupt request. The input active edge can be selected by
bits 3, 4 and 5 of the interrupt input polarity register (address
00F916) : when this bit is “0,” a change from “L” to “H” is de-
tected; when it is “1,” a change from “H” to “L” is detected. Note
that all bits are cleared to “0” at reset.

(3) Timer 1, 2, 3 and 4 interrupts
An interrupt is generated by an overflow of timer 1, 2, 3 or 4.

(4) Serial /O interrupt
This is an interrupt request from the clock synchronous serial
I/0 function.

(5) f(XIN)/4096 interrupt
This interrupt occurs regularly with a f(XiN)/4096 period. Set bit 0
of the PWM output control register 1 to “0.”

(6) Multi-master 12C-BUS interface interrupt
This is an interrupt request related to the multimaster 12C-BUS
interface.

(7) BRK instruction interrupt
This software interrupt has the least significant priority. It does
not have a corresponding interrupt enable bit, and it is not af-
fected by the interrupt disable flag | (non-maskable).

Interrupt source Priority Vector addresses Remarks
Reset FFFF16, FFFE16 Non-maskable
CRT interrupt 2 FFFD16, FFFC16
INT2 interrupt 3 FFFB16, FFFA16 Active edge selectable
INT1 interrupt 4 FFF916, FFF816 Active edge selectable
Timer 4 interrupt 5 FFF516, FFF416
f(XIN)/4096 interrupt 6 FFF316, FFF216
VSYNC interrupt 7 FFF116, FFFO16 Active edge selectable
Timer 3 interrupt 8 FFEF16, FFEE16
Timer 2 interrupt 9 FFED16, FFEC16
Timer 1 interrupt 10 FFEB16, FFEA16
Serial /O interrupt 11 FFE916, FFE816
Multi-master 12C-BUS interface interrupt 12 FFE716, FFE616
INT3 interrupt 13 FFES516, FFE416 Active edge selectable
BRK instruction interrupt 14 FFDF16, FFDE16 Non-maskable (software interrupt)

10

MITSUBISHI
ELECTRIC




MITSUBISHI MICROCOMPUTERS

M37212M4-XXXSP, M37212M6-XXXSP/FP
M37212EF-XXXSP/FP, M37212EFSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
and ON-SCREEN DISPLAY CONTROLLER

7 0
. 7 0
| | | | | | | | ||”t‘3m‘pt request register 1 Interrupt request register 2
(IREQ1 : address 00FCie) |0| | | | | | | (IREQ2 : address 00FD16)

Timer 1 interrupt request bit INTY interrupt request bit

Timer 2 interrupt request bit

INT2 interrupt request bit

——— Timer 3 interrupt request bit Serial I/O interrupt request bit

Timer 4 interrupt request bit f(XIN)/4096 interrupt request bit

Fix this bit to “0.”

L CRT interrupt request bit

VsyNc interrupt request bit

Multi-master 1°C-BUS
interface interrupt request bit

INT3 interrupt request bit

0 : No interrupt request issued
1 : Interrupt request issued

7 0 7 0
| | | | | | | | Interrupt control register 1 | Ol 0 | 0 | | Ol | | Interrupt control register 2
(ICON1 : address 00FEue) (ICONZ2 : address 00FFu1s)

Timer 1 interrupt enable bit INT1 interrupt enable bit
Timer 2 interrupt enable bit INT2 interrupt enable bit
Timer 3 interrupt enable bit L Serial /O interrupt enable bit
Timer 4 interrupt enable bit ——— Fix this bit to “0.”

CRT interrupt enable bit ——— f(XIN)/4096 interrupt enable bit
VsyNc interrupt enable bit Fix these bits to “0.”

Multi-master 12C-BUS
interface interrupt enable bit

INT3 interrupt enable bit

0 : Interrupt disabled
1: Interrupt enabled

7 0
| Ol | | | | 0 | | Interrupt input polarity register
(RE : address 00F916)

Fix this bit to “0.”

INT1 polarity switch bit
0 : Positive polarity
1: Negative polarity

- INT2 polarity switch bit
0 : Positive polarity
1: Negative polarity

INT3 polarity switch bit
0 : Positive polarity
1 : Negative polarity

Fix this bit to “0.”

Fig. 4. Structure of interrupt-related registers
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Interrupt request bit
Interrupt enable bit

)

Interrupt disable flag |

BRK instruction
Reset

Interrupt request

Fig. 5. Interrupt control
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TIMERS
The M37212M6-XXXSP has 4 timers: timer 1, timer 2, timer 3, and

timer 4. All timers are 8-bit timers with the 8-bit timer latch. The timer
block diagram is shown in Figure 7.

All of the timers count down and their divide ratio is 1/(n+1), where n
is the value of timer latch. The value is set to a timer at the same time
by writing a count value to the corresponding timer latch (addresses
00F016 to O0F3186).

The count value is decremented by 1. The timer interrupt request bit
is set to “1” by a timer overflow at the next count pulse after the count
value reaches “0016".

(1) Timer 1

Timer 1 can select one of the following count sources:

e f(XIN)/16

e f(XIN)/4096

The count source of timer 1 is selected by setting bit 0 of the timer 12
mode register (address 00F416).

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 the P32/TIM2 pin

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 the timer 2, the timer 1 functions as an 8-
bit prescaler.

Timer 2 interrupt request occurs at timer 2 overflow.

(3) Timer 3

Timer 3 can select one of the following count sources:

o f(XIN)/16

e External clock from the HsyNC pin

e External clock from the P33/TIM3 pin

The count source of timer 3 is selected by setting bits 5 and 0 of the
timer 34 mode register (address 00F516)

Timer 3 interrupt request occurs at timer 3 overflow.

(4) 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 the timer 4, the timer 3 functions as an 8-
bit prescaler.

Timer 4 interrupt request occurs at timer 4 overflow.

At reset, timers 3 and 4 are connected by hardware and “FF16” is
automatically set in timer 3; “0716” in timer 4. The f(XIN)/16 is se-
lected as the timer 3 count source. The internal reset is released by
timer 4 overflow at these state, the internal clock is connected.

At execution of the STP instruction, timers 3 and 4 are connected by
hardware and “FF16” is automatically set in timer 3; “0716” in timer 4.
However, the f(XIN)/16 is not selected as the timer 3 count source.
So set bit 0 of the timer 34 mode register (address 00F516) to “0”
before the execution of the STP instruction (f(XiN)/16 is selected as
the timer 3 count source). The internal STP state is released by timer
4 overflow at these state, the internal clock is connected.

Because of this, the program starts with the stable clock.

The structure of timer-related registers is shown in Figure 6.

MITSUBISHI
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7 0 7 0
| | | 0 | | | | | Timer 12 mode register | | | | | | | | Timer 34 mode register
(T12M : address 00F416) (T34M : address 00F516)
Timer 1 count source selection bit Timer 3 count source selection bit
0 : f(XIN)/16 0 : f(Xin)/16
1 : f(XIN)/4096 1: External clock
Timer 2 count source selection bit — Timer 4 internal count source
0 : Internal clock selecthn bit
1 : External clock from P32/TIM2 pin 0 : Timer 3 overflow
1: f(XiN)/16
Timer 1 count stop bit ———Timer 3 count stop bit
0 : Count start 0 : Count start
1: Count stop 1: Count stop
L Timer 4 count stop bit
Timer 2 count stop bit 0 : Count start
0 : Count start 1: Count stop
1: Count stop

—— Timer 4 count source selection bit
Timer 2 internal count source 0 : Internal clock

selection bit 1:f(Xin)/2
0 : f(XiN)/16
1: Timer 1 overflow
Fix this bit to “0.” —Tlmer_3 ex@ernal count source
selection bit

0 : External clock from P33/TIM3 pin
1: External clock from Hsync pin

Fig. 6. Structure of timer-related registers
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l

1/4096

1/8

XIN 1/2

Y

Data bus

1

Timer 1 latch (8)

8
Y

Timer 1 (8)

\ 8

Y

[

Timer 2 latch (8)

P32/TIM2

HsyNC

P33/TIM3

vy

R

Selection gate :
Connected to black
colored side at reset

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

8
Y
Y
> ;{?—) Timer 2 (8)
T12M1
T12M3
N >
8
v £ v FF16
>@ T34Ms Timer 3 latch (8)
8 Y
Y
> %[?—) Timer 3 (8)
T34Mo
T34M2
8 >
8
{ \;0716
—>® T34M1

|

>

T34M4

Timer 4 latch (8)

8

Y

Timer 4 (8)

1>

T34M3

L s

Notes 1: “H” 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.

Reset
STP

| 5 Timer3

Timer 1
interrupt request

Timer 2
interrupt request

instruction

interrupt request

Timer 4
interrupt request

Fig. 7. Timer block diagram
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SERIAL I/O

The M37212M6-XXXSP has a built-in serial /O which can either trans-
mit or receive 8-bit data in serial in the clock synchronous mode.
The serial I/O block diagram is shown in Figure 8. The synchronizing
clock 1/0 pin (ScLk), and data I/O pins (SouT, SIN) also function as
port P4.

Bit 2 of the serial I/O mode register (address 00DC16) selects whether
the synchronizing clock is supplied internally or externally (from the
P41/ScLk/A-D6 pin). When an internal clock is selected, bits 1 and 0
select whether f(XIN) is divided by 4, 16, 32, or 64. Bit 3 selects whether
port P4 is used for serial I/O or not. To use the P42/SIN/A-D5 pin as
the SIN pin, set the bit 2 of the port P4 direction register (address
00C916) to “0.”

The operation of the serial I/O function is described below. The func-
tion of the serial I/O differs depending on the clock source; external
clock or internal clock.

Frequency

XINO 1/2

P41 latch

divider

1/4\, 1/8\, 1/16
Yy

o) o O SM1
SM2 % T T j? SMo
| Synchronization circuit I(—G)\;

y

P41/ScLk/A-D6C)

Serial I/O counter (8)

SM3
P40 latch

SMs: LSB<—> MSB

P40/SouT(inyA-D7O
SM3

\ (Note)

P42/SIN/A-D5O)

Serial I/0O shift register (8)

-

SMe

A (Address 00DD16)
8

li

Data bus

Y

s

Selection gate :
Connected to black
colored side at reset.

SM : Serial /O mode register

Serial I/O interrupt
request

Note : When the data is set in the serial I/O register (address 00DD1s), the register functions as the serial I/O shift register.

Fig. 8. Serial I/0 block diagram

~
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Internal clock—the serial 1/0 counter is set to “7” during write cycle
into the serial I/O register (address 00DD16), and transfer clock goes
“H” forcibly. At each falling edge of the transfer clock after the write
cycle, serial data is output from the SouT pin. Transfer direction can
be selected by bit 5 of the serial I/O mode register. At each rising
edge of the transfer clock, data is input from the SIN pin and data in
the serial 1/O register is shifted 1 bit.

After the transfer clock has counted 8 times, the serial 1/O counter
becomes “0” and the transfer clock stops at “H.” At this time the inter-
rupt request bit is set to “1.”

External clock—when an external clock is selected as the clock
source, the interrupt request is set to “1” after the transfer clock has
counted 8 times. However, transfer operation does not stop, so con-
trol the clock externally. Use the external clock of 1IMHz or less with
a duty cycle of 50%.

The serial /0 timing is shown in Figure 10. When using an external
clock for transfer, the external clock must be held at “H” for initializing
the serial I/O counter. When switching between an internal clock and
an external clock, do not switch during transfer. Also, be sure to ini-
tialize the serial 1/0 counter after switching.

Notes 1: On programming, note that the serial I/O counter is set by
writing to the serial 1/O register with the bit managing in-
structions as SEB and CLB instructions.

: When an external clock is used as the synchronizing clock,
write transmit data to the serial 1/O register at “H” of the
transfer clock input level.

7 0
LI Lol ] ]

Serial I/O mode register
(SM : address 00DC1s6)

Internal synchronizing clock
selection bits

bl bo

0 O:f(XiNn)/4
0 1:f(Xin)/16
1 0:f(XiNn)/32
1 1:f(XiN)/64

Synchronizing clock selection bit
0 : External clock
1 : Internal clock

Serial I/0 port selection bit

0 : P4o, P41 functions as port
1: ScLk, Sout

Fix this bit to “0.”

Transfer direction selection bit
0 : LSB first
1: MSB first

Serial input pin selection bit

0 : Input signal from SN pin
1: Input signal from Sout pin

Fig. 9. Structure of serial I/0O mode register

Synchroninzing clock

Transfer clock

Serial I/O register

write signal

N

W

(Note)

Serial I/O output

Sout Do

D

1

Serial I/O input
SIN

D
XX

o X
X

6 € €3 €3
XXX

=

Interrupt request bit is set to “1”

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

Fig. 10. Serial I/O timing (for LSB first)
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(1) Serial I/O Common Transmission/Reception Mode
By writing “1” to bit 6 of the serial /O mode register, signals SiN and

SouT are switched internally to be able to transmit or receive the
serial data.
Figure 11 shows signals on serial I/O common transmission/recep-
tion mode.

Note: When receiving the serial data after writing “FF16” to the serial
I/O register.

P41/ScLk/A-D6 O Clock

P4o/SouT(iny/A-D7 O

T
Serial I/O shift register (8)
P42/SIN/A-D5 Q—o{o—>

SMe

SM : Serial I/O mode register

Fig. 11. Signals on serial /O common transmission/reception mode
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MULTI-MASTER 12C-BUS INTERFACE

The multi-master 12C-BUS interface is a circuit for serial communica-
tions conformed with the Philips [2C-BUS data transfer format. This
interface, having an arbitration lost detection function and a synchro-
nous function, is useful for serial communications of the multi-mas-
ter.

Figure 12 shows a block diagram of the multi-master 12C-BUS inter-
face and Table 2 shows multi-master 12C-BUS interface functions.
This multi-master 12C-BUS interface consists of the 12C address reg-
ister, the I2C data shift register, the 12C clock control register, the 12C
control register, the I2C status register and other control circuits.

Table 2. 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

Communication mode

In conformity with Philips 12C-BUS
standard:

Master transmission

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 con-
trol function (bits 6 and 7 of the 12C control register at address
00DAA16) for connections between the 12C-BUS interface and

ports (SCL1, SCL2, SDAL, SDA2).

b7 I2C address register b
SAD6|SAD5|SADA|SAD3 SADZISADJISADOl RBWl Interrupt Interrupt
generating [—> request signal
SODL i i l l l circuit (ICIRQ)
T T T —
Address comparator
X | | 1 1 1 1 l(;
o ¥ | snaton | ooy | el [ T TT T T 1
data ¥ | elimination|» control | 07 — bo
(SDA) circuit circuit <—| | 1 %C data shift register |
1 1 1 1 1 b7 ¢ b0
So
AL [AAS|ADO|LRB
MST|TRX| BB | PIN
I AL S1 T 1°C status
N circuit register
Internal data bus (
L> BB
circuit
Serial Noise Clock
clock elimination—>{ control b7 N7 b0 b7 b0
circuit ircui ACK | FAST 10BIT
(scL) circuit <—|ACK| BIT |MopE| COR?| COR3| CCR2[ CCR1f CCRO BSELllBSELO sap | ALS ESO|BC2|BC1 Bcol
S2 I I
T I2C clock control register S1D I2C clock control register
[ Clock division |<— System clock (¢) Bit counter

Fig. 12. Block diagram of multimaster |

2C-BUS interface
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(1) 12C Data Shift Register
The 12C data shift register (SO : address 00D716) is an 8-hit 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 O
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 12C data shift register is in a write enable status only when the
ESO bit of the I2C control register (address 00DA16) is “1.” The bit
counter is reset by a write instruction to the 12C data shift register.
When both the ESO bit and the MST bit of the I2C status register
(address 00D916) are “1,” the SCL is output by a write instruction to
the 12C data shift register. Reading data from the 12C data shift regis-
ter is always enabled regardless of the ESO bit value.

Note: To write data into the 12C data shift register after setting the
MST bit to “0” (slave mode), keep an interval of 8 machine
cycles or more.

(2) I2C Address Register

The 12C address register (address 00D816) consists of a 7-bit slave
address and a read/write bit. In the addressing mode, the slave ad-
dress 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 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-SAD6)

These bits store slave addresses. Regardless of the 7-bit address-
ing mode and the 10-bit addressing mode, the address data trans-
mitted from the master is compared with the contents of these bits.

12C address register
(SOD: address 00D816)

SAD6 | SAD5|SAD4 | SAD3| SAD2 |SAD1 | SADO | RB'

=

Read/write bit

Slave address

Fig. 13. Structure of | 2C address register

(3) 12C Clock Control Register
The 12C clock control register (address 00DB16) is used to set ACK

control, SCL mode and SCL frequency.

m Bits 0 to 4: SCL frequency control bits (CCR0O-CCR4)

These bits control the SCL frequency. Refer to Table 3.

m Bit 5: SCL mode specification bit (FAST MODE)

This bit specifies the SCL mode. When this bit is set to “0,” the stan-
dard 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 make SDA “L" 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 “H” status at the oc-
currence 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 “L” (ACK is returned). If there is a mismatch between the slave
address and the address data, the SDA is automatically made
“H”(ACK is not returned).

UACK clock: Clock for acknowledgement

m Bit 7: ACK clock bit (ACK)

This bit specifies a mode of acknowledgment which is an acknowl-
edgment 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 comple-
tion 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 “H") and receives the ACK bit generated
by the data receiving device.

Note: Do not write data into the 12C clock control register during
transmitting. If data is written during transmitting, the 12C clock
generator is reset, so that data cannot be transmitted nor-
mally.
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ACK |FAST
ACK BIT |MoDE CCR4|CCR3|CCR2|CCR1 CCROl

12C clock control register
(S2 : address 00DB1s)

SCL frequency
control bits
Refer to Table 3.

SCL mode
specification bit
0 : Standard clock
mode
1 : High-speed clock
mode

ACK bit
0 : ACK is returned.
1: ACK is not returned.

ACK clock bit
0: No ACK clock
1: ACK clock

Fig. 14. Structure of I 2C clock control register

Table 3. Set values of | 2C clock control register and SCL

frequency
Setting value of SCL frequency
CCR4-CCRO (at = 4MHz, unit : kHz)
CCR4|CCR3|CCR2|CCR1|CCRO Sta”‘:neggec'oc" High Srﬁgsg clock
0 0 0 0 0 | Setting disabled | Setting disabled
0 0 0 0 1 | Setting disabled | Setting disabled
0 0 0 1 0 | Setting disabled | Setting disabled
0 0 0 1 1 | Setting disabled 333
0|0 1 0 | O | Setting disabled 250
0|0 1 0|1 100 400(Note)
0 0 1 1 0 83.3 166
500/CCR value | 1000/CCR value
1 1 1 0 1 17.2 34.5
1 1 1 1 0 16.6 33.3
1 1 1 1 1 16.1 323

Note: At 400 kHz in the high-speed clock mode, the duty is 40%.
In the other cases, the duty is 50%.

(4) 12C Control Register

The I2C control register (address 00DA16) controls data communica-

tion format.

m Bits 0 to 2: Bit counter (BCO-BC?2)

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.

m Bit 3: 12C interface use enable bit (ES0)

This bit enables to use the multimaster I2C 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.

ePIN = “1,” BB = “0” and AL = “0” are set (they are bits of the 12C
status register at address 00D916 ).

e \Writing data to the I2C data shift register (address 00D716) is dis-
abled.

m 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 ad-

dress data is recognized. When a match is found between a slave

address and address data as a result of comparison or when a gen-

eral call (refer to “(5) 12C Status Register,” bit 1) is received, trans-

mission processing can be performed. When this bit is set to “1,” the

free data format is selected, so that slave addresses are not recog-

nized.

m 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 (ad-

dress 00D816) are compared with address data. When this bit is set

to “1,” the 10-bit addressing format is selected, all the bits of the I12C

address register are compared with address data.

m Bits 6 and 7: Connection control bits between 12C-BUS interface

and ports (BSELO, BSEL1)
These bits controls the connection between SCL and ports or SDA
and ports (refer to Figure 15).
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7 0
“0” 2 i
e 10BIT 12C control register
/ \ . 1 BSEéOSCLl/Pl BSEL1|BSELQ) SAD ALS| ESO| BC2| BC1| BCO (SlD - address OODAlG)
1
“gr
ScL “1" BSEL1 Bit counter (Number of
. O O sCL2/P12 transmit/receive bits)
Il\;lgltllaggster “0" b2 bl bo
inte-rface “1” BSELO 0 0 0:8
O O SDA1/P13 00 1:7
“qQr 01 0:6
SDA[— “1" BSEL1 01 1 5
5 0 O SDA2/P14 100:4
\ / 1 0 1:3
1 1 0:2
1 1 1:1
——————— 12C-BUS interface use
Fig. 15. Connection port control by BSELO and BSEL1 enable bit
0 : Disabled
1: Enabled
(5) I2C Status Register .
The I12C status register (address 00D916) controls the I2C-BUS inter- Dact)a. fo(rjr(\jﬁat sc_eleclflon bit
face status. The low-order 4 bits are read-only bits and the high- 1 . ére;%?tg?oﬁ:;at
order 4 bits can be read out and written to.
m Bit O: Last receive bit (LRB) Addressing format
This bit stores the last bit value of received data and can also be selection bit .
used for ACK receive confirmation. If ACK is returned when an ACK 0: f7(;$)r|rt];ddressmg
clock occurs, the LRB bit is set to “0.” If ACK is not returned, this bit 1 : 10-bit addressing
is set to “1.” Except in the ACK mode, the last bit value of received format
data is input. The state of this bit is changed from “1” to “0” by execut- ' _
ing a write instruction to the I12C data shift register (address 00D716). Connection control bits

2C-
m Bit 1: General call detecting flag (ADO) ibnet:e\l:fziz Iarcl:d%gﬁs

This bit is set to “1” when a general call” whose address data is all “0” b7 b6 Connection port
is received in the slave mode. By a general call of the master device, 0 0 : None

every slave device receives control data after the general call. The 2 él) ggté ggﬁg
APP bit is set to “0” by detecting the STOP condition or START con- 11 SCL1: SDAL
dition. SCL2, SDA2

OGeneral call: The master transmits the general call address “0016”
to all slaves. Fig. 16. Structure of I 2C control register
m Bit 2: Slave address comparison flag (AAS)
This flag indicates a comparison result of address data.
[1n the slave receive mode, when the 7-bit addressing format is
selected, this bit is set to “1” in one of the following conditions.
eThe address data immediately after occurrence of a START
condition agrees with the slave address stored in the high-order
7 bits of the I2C address register (address 00D816).
e A general call is received.
[J1n the slave reception mode, when the 10-bit addressing format is
selected, this bit is set to “1” with the following condition.
eWhen the address data is compared with the 12C address
register (8 bits consisted of slave address and RBW), the first
bytes agree.
[ The state of this bit is changed from “1” to “0” by executing a write
instruction to the I2C data shift register (address 00D716).
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m Bit 3: Arbitration lost” detecting flag (AL)

In the master transmission mode, when the SDA is made “L” 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 immedi-
ately after transmission of the byte whose arbitration was lost is com-
pleted, the MST bit is set to “0.” In the case arbitration is lost during
slave address transmission, the TRX bit is set to “0” and the recep-
tion mode is set. Consequently, it becomes possible to receive and
recognize its own slave address transmitted by another master de-
vice.

OArbitration lost: The status in which communication as a master is
disabled.

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 occurs to the CPU. The PIN

bit is set to “0” in synchronization with a falling of the last clock (in-

cluding the ACK clock) of an internal clock and an interrupt request

signal occurs in synchronization with a falling of the PIN bit. When

the PIN bit is “0,” the SCL is kept in the “0” state and clock generation

is disabled. Figure 18 shows an interrupt request signal generating

timing chart.

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

e Executing a write instruction to the 12C data shift register (address
00D7186).

e \When the ESO bit is “0”

® At reset

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

e Immediately after completion of 1-byte data transmission (includ-
ing when arbitration lost is detected)

e Immediately after completion of 1-byte data reception

o |n 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

m 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 condi-

tion 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 12C control register (address 00DA16) is “0” and at

reset, the BB flag is kept in the “0” state.

m Bit 6: Communication mode specification bit (transfer direction

specification bit: TRX)

This bit decides a direction of transfer for data communication. When

this bit is “0,” the reception mode is selected and the data of a trans-

mitting device is received. When the bit is “1,” the transmission mode

is selected and address data and control data are output onto the

SDA in synchronization with the clock generated on the SCL.

When the ALS bit of the I2C control register (address 00DA16) 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 trans-

mitted 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.

e \When arbitration lost is detected.

e \When a STOP condition is detected.

e \When occurence of a START condition is disabled by the START
condition duplication preventing function (Note).

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

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

® At reset

m Bit 7: Communication mode specification bit (master/slave speci-

fication bit: MST)

This bit is used for master/slave specification for data communica-

tion. When this bit is “0,” the slave is specified, so that a START

condition and a STOP condition generated by the master are re-

ceived, 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 gener-

ated, and also the clocks required for data communication are gen-

erated on the SCL.

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

e Immediately after completion of 1-byte data transmission when ar-
bitration lost is detected

e \When a STOP condition is detected.

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

® At reset

Note: The START condition duplication prevention function disables
the occurence of a START condition, reset of bit counter and
SCL output when the following condition is satisfied:
*a START condition is set by another master device.
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7 0
|MST|TRX| BB | PIN| AL |AAS| ADO|LRB

12C status register
(S1: address 00D916)

Last receive bit (Note)
0 : Last bit =“0"
1:Lasthbit="1"

General call detecting flag
(Note)
0 : No general call detected
1: General call detected

Slave address comparison
flag (Note)
0 : Address disagreement
1: Address agreement

Arbitration lost detecting flag
(Note)

0 : Not detected

1: Detected

———— 12C-BUS interface interrupt
request bit
0 : Interrupt request issued
1: No interrupt request
issued

Bus busy flag
0 : Bus free
1: Bus busy

Communication mode
specification bits
00 : Slave receive mode
01 : Slave transmit mode
10 : Master receive mode
11 : Master transmit mode

Note: These bit and flags can be read out but cannot
be written.

Fig. 17. Structure of | 2C status register

IICIRQ |_|

Fig. 18. Interrupt request signal generating timing

(6) START Condition Generating Method

When the ESO bit of the I2C control register (address 00DA16) is “1,”
execute a write instruction to the 12C status register (address 00D916)
for setting the MST, TRX and BB bits to “1.” Then a START condi-
tion occurs. After that, the bit counter becomes “0002” 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 19, the START condition generat-
ing timing diagram, and Table 4, the START condition/STOP condi-
tion generating timing table.

12C status register
write signal —1T1

|
L

scL : —
_IJ— - —Stﬁ%‘ép— -+-Hold time-,
SDA I ‘ .
| ' Settime  for
BB flag |  BBflag ————————
L-Setup- - |
. time 1

Fig. 19. START condition generating timing diagram

(7) STOP Condition Generating Method
When the ESO bit of the I2C control register (address 00DA16) is “1,”

execute a write instruction to the 12C status register (address 00D916)
for setting the MST bit and the TRX bit to “1” and the BB bit to “0”.
Then a STOP condition occurs. The STOP condition generating tim-
ing and the BB flag reset timing are different in the standard clock
mode and the high-speed clock mode. Refer to Figure 20, the STOP
condition generating timing diagram, and Table 4, the START condi-
tion/STOP condition generating timing table.

12C status register
write signal —T

SCL | | ] -
L-.Setup. _ ..Hold time-,
time | ‘

) R | T
SDA ' Reset tine for

"BBflag |

BB flag

Fig. 20. STOP condition generating timing diagram

Table 4. START condition/STOP condition generating 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 de-
notes the number of @cycles.

24
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(8) START/STOP Condition Detecting Condi-

tions
The START/STOP condition detecting conditions are shown in Fig-

ure 21 and Table 5. Only when the 3 conditions of Table 5 are satis-
fied, 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” occurs to the

CPU.
r~~ " SCL release time -~~~
SCL | | L
- -~ 1~ Hold time- -
(STAR%DA dition) | : :
condition | | |
b-- rst%%pf --+--Hold time- -
SDA ~ — ‘ :
(STOP condition)

Fig. 21. START condition/STOP condition detecting timing diagram

Table 5. START condition/STOP condition detecting conditions

Standard clock mode
6.5 us (26 cycles) <SCL release
time
3.25 us (13 cycles) < Setup time
3.25 us (13 cycles) < Hold time

High-speed clock mode
1.0 us (4 cycles) <SCL release
time
0.5 us (2 cycles) < Setup time
0.5 us (2 cycles) < Hold time

Note: Absolute time at ¢ = 4 MHz. The value in parentheses de-
notes the number of gcycles.

(9) Address Data Communication
There are two address data communication formats, namely, 7-bit

addressing format and 10-bit addressing format. The respective ad-

dress communication formats is described below.

(] 7-bit addressing format
To meet the 7-bit addressing format, set the 10BIT SAD bit of the
12C control register (address 00DA16) 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 I2C address register (address
00D816). At the time of this comparison, address comparison of
the RBW bit of the 12C address register (address 00D816) is not
made. For the data transmission format when the 7-bit addressing
format is selected, refer to Figure 22, (1) and (2).

(] 10-bit addressing format
To meet the 10-bit addressing format, set the 10BIT SAD bit of the
12C control register (address 00DA16) to “1.” An address compari-
son is made between the first-byte address data transmitted from
the master and the 7-bit slave address stored in the 12C address
register (address 00D816). At the time of this comparison, an ad-
dress comparison between the RBW bit of the I2C address regis-
ter (address 00D816) 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.

S |[Slave address| R\W | 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 | i Slave address ~
S 1st 7 bits RW | A 2nd byte A Data A Data | AIA| 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 | 4 i =
< 1st 7 bits e A 2nd byte A =i 1st 7 bits g Data & Data & i
7 bits “0” 8 bits 7 bits “1” 1to 8 bits 1 to 8 bits
(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. 22. Address data communication format
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When the first-byte address data matches the slave address, the
AAS bit of the 12C 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 sec-
ond-byte data and the slave address by software. When the address
data of the 2 bytes matches the slave address, set the RBW bit of the
12C address register (address 00D816) to “1” by software. This pro-
cessing 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 00D816). For the data transmis-
sion format when the 10-bit addressing format is selected, refer to
Figure 22, (3) and (4).

(10) Example of Master Transmission
An example of master transmission in the standard clock mode, at

the SCL frequency of 100 kHz and in the ACK return mode is shown

below.

[0 Set a slave address in the high-order 7 bits of the 12C address
register (address 00D816) and “0” in the RBW bit.

[] Set the ACK return mode and SCL = 100 kHz by setting “8516” in
the 12C clock control register (address 00DB16).

[] Set “1016" in the 12C status register (address 00D916) and hold
the SCL at the “H” level.

[] Set a communication enable status by setting “4816” in the 12C
control register (address 00DA16).

[] Setthe address data of the destination of transmission in the high-
order 7 bits of the I2C data shift register (address 00D716) and set
“0” in the least significant bit.

[0 set“F016” in the I2C status register (address 00D916) to generate
a START condition. At this time, an SCL for 1 byte and an ACK
clock automatically occurs.

[] Set transmit data in the I12C data shift register (address 00D716).
At this time, an SCL and an ACK clock automatically occurs.

[0 When transmitting control data of more than 1 byte, repeat step
0.

[] Set“D016” in the I12C status register (address 00D916). After this,
if ACK is not returned or transmission ends, a STOP condition
occurs.

(11) Example of Slave Reception
An example of slave reception in the high-speed clock mode, at the

SCL frequency of 400 kHz, in the ACK non-return mode and using

the addressing format is shown below.

[] Set a slave address in the high-order 7 bits of the 12C address
register (address 00D816) and “0” in the RBW bit.

[] Set the no ACK clock mode and SCL = 400 kHz by setting “2516”
in the 12C clock control register (address 00DB16).

[] Set “1016" in the 12C status register (address 00D916) and hold
the SCL at the “H” level.

[0 Set a communication enable status by setting “4816” in the 12C
control register (address 00DA16).

[J When a START condition is received, an address comparison is
made.

[ «When all transmitted addresses are “0” (general call)
ADO of the 12C status register (address 00D916) is set to “1” and
an interrupt request signal occurs.

«When the transmitted addresses match the address set in [J
ASS of the I2C status register (address 00D916) is set to “1” and
an interrupt request signal occurs.

«In the cases other than the above
ADO and AAS of the 12C status register (address 00D916) are
set to “0” and no interrupt request signal occurs.

[0 Set dummy data in the 12C data shift register (address 00D716).
1 When receiving control data of more than 1 byte, repeat step [1.
(] When a STOP condition is detected, the communication ends.
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PWM OUTPUT FUNCTION
The M37212M6-XXXSP/FP is equipped with a 14-bit PWM (DA) and

eight 8-bit PWMs (PWMO0-PWM7). DA has a 14-bit resolution with
the minimum resolution bit width of 0.25 us (for f(XIN) = 8 MHz) and
a repeat period of 4096 us. PWM0-PWM7 have the same circuit
structure and an 8-bit resolution with minimum resolution bit width of
4 us (for f(XiN) = 8 MHz) and repeat period of 1024 us.

Figure 23 shows the PWM block diagram. The PWM timing generat-
ing circuit applies individual control signals to PWMO-PWM?7 using
f(XIN) divided by 2 as a reference signal.

(1) Data Setting
When outputting DA, first set the high-order 8 bits to the DA-H regis-

ter (address 00CEz16), then the low-order 6 bits to the DA-L register
(address 00CF16). When outputting PWMO-PWM?7, set 8-bit output
data in the PWMi register (i means 0 to 7; addresses 00D016 to
00D416, 00F616 to 00F816).

(2) Transmitting Data from Register to PWM circuit
Data transfer from the 8-bit PWM register to 8-bit PWM circuit is

executed at writing data to the register.

The signal output from the 8-bit PWM output pin corresponds to the
contents of this register.

Also, data transfer from the DA register (addresses 00CE16 and
00CF16) to the 14-bit PWM circuit is executed at writing data to the
DA-L register (address 00CF16). Reading from the DA-H register
(address 00CE16) means reading this transferred data. Accordingly,
it is possible to confirm the data being output from the D-A output pin
by reading the DA register.

(3) Operating of 8-bit PWM

The following is the explanation about PWM operation.

At first, set the bit 0 of PWM output control register 1 (address 00D516)
to “0” (at reset, bit 0 is already set to “0” automatically), so that the
PWM count source is supplied.

PWMO0-PWM3 are also used as pins P60—P63, PWM4—-PWM7 are
also used as ports PO0—P03, respectively. For PWM0-PWM3, set
the corresponding bits of the port P6 direction register to “1” (output
mode). For PWM4—-PWM?7, set those of the port PO direction regis-
ter to “1.” And select each output polarity by bit 3 of the PWM output
control register 2(address 00D616). Then, for PWMO0-PWMS5, set bits
2 to 7 of the PWM output control register 1 to “1” (PWM output). For
PWM6 and PWM?7, set bits 0 and 1 of the PWM output control regis-
ter2to “1.”

The PWM waveform is output from the PWM output pins by setting
these registers.

Figure 24 shows the 8-bit PWM timing. One cycle (T) is composed
of 256 (28) segments. The 8 kinds of pulses relative to the weight of
each bit (bits 0 to 7) are output inside the circuit during 1 cycle. Refer
to Figure 24 (a). The 8-bit PWM outputs waveform which is the logi-
cal sum (OR) of pulses corresponding to the contents of bits 0 to 7 of
the 8-bit PWM register. Several examples are shown in Figure 24

(b). 256 kinds of output (“H” level area: 0/256 to 255/256) are se-
lected by changing the contents of the PWM register. A length of
entirely “H” output cannot be output, i.e. 256/256.

(4) Operating of 14-bit PWM

As with 8-bit PWM, set the bit 0 of the PWM output control register 1
(address 00D516) to “0” (at reset, bit 0 is already set to “0” automati-
cally), so that the PWM count source is supplied. Next, select the
output polarity by bit 2 of the PWM output control register 2 (address
00D616). Then, the 14-bit PWM outputs from the D-A output pin by
setting bit 1 of the PWM output control register 1 to “0” (at reset, this
bit already set to “0” automatically) to select the DA output.

The output example of the 14-bit PWM is shown in Figure 25.

The 14-bit PWM divides the data of the DA latch into the low-order 6
bits and the high-order 8 bits.

The fundamental waveform is determined with the high-order 8-bit
data “DH.” A “H” level area with a length t O DH(“H” level area of
fundamental waveform) is output every short area of “t” = 2561 =
64 us (1 is the minimum resolution bit width of 0.25 us). The “H” level
area increase interval (tm) is determined with the low-order 6-bit data
“DL.” The “H” level are of smaller intervals “tm” shown in Table 6 is
longer by 1 than that of other smaller intervals in PWM repeat period
“T” = 64t. Thus, a rectangular waveform with the different “H” width is
output from the D-A pin. Accordingly, the PWM output changes by t
unit pulse width by changing the contents of the DA-H and DA-L
registers. A length of entirely “H” output cannot be output, i. e. 256/
256.

(5) Output after Reset
At reset, the output of ports P60—P63 and POo—P03 are in the high-

impedance state, and the contents of the PWM register and the
PWM circuit are undefined. Note that after reset, the PWM output is
undefined until setting the PWM register.
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Table 6. Relation between the low-order 6-bit data and high-level
area increase interval

Low-order 6 bits of data| Area longer by T than that of other tm (m = 0 to 63)
LSB .
000000 |Nothing
000001 |m=32
000010 |m=16,48
000100 |m=8, 24,40, 56
001000 |[m=4,12, 20, 28, 36, 44, 52, 60
010000 |[m=26,10,14,18,22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62
100000 |M=1,3,5 7, cccorurrrrerrmrrrnrrnnnnnnnnnnns 57,59, 61, 63
Data bus
DA-H register
(Address : 00CE16)y
| b7| | | | | | b0| DA-L register (Note)
(Address : 00CF16)
DA latch
(14 bits)
[ T [ [ [ 1 [ [ess]
oI TII T
f
14,
PN2 PN4 DA
v
14-bit PWM circuit D-A
PW1
PWM timing|
generating
circuit
r]ey -~~~ ~~"~"~"~"~"~" -~~~ -~ -~~~ T 777 I |
: PWM register :
: (Address : 00D016) :
I 1
8 O I O B ) ;
| I
I 1
i 8 |
=< PN3 | F:LGO D6o PWMO
| 8-bit PWM circuit |7 l o&"—‘
. i PW2
: """""""""" r-———"-" ': P61 D61 PWM1
: ' > %
: PWML1 register (Address : 00D116) : : PWs
A Tt B P62 D62 PWM2
| | e
I
| PWM2 register (Address : 00D216) ! | PWa
1 ””””””””””:’ ””” N P63 D63 PWM3
| I
| | :HW
: PWM3 register (Address : 00D316) : : PWs
N Ir”””’: P0o DOo PWM4
Y oo ne. | | BN SEEPE
> gsﬁr:ggtg: E)' ! PWMA4 register (Address : 00D416) | . PWs
,,,,,,,,,,,,,,,,,,,, [
black colored | ! N P02 DOz PWMS
side when reset. i ! : ,w—(
—> Pass gate ! PWMS register (Address : 00F616) | ! PWr
U : e J. P02 DO2 PWM6
Insideof, | is as same contents : | |
with the others. | i [—
: PWMB6 register (Address : 00D716) | ' PNo
) [ rTTTTTTn POs DOz PWM7
PW : PWM output control register 1 ! i !
PN : PWM output control register 2 | | | ’PNl
) . . | PWM?7 register (Address : 00F816) ! 1
DO : Port PO direction register CEE e
D6 : Port P6 direction register
Note: The DA-L register also functions as the low-order 6 bits of the DA latch.

Fig.

23. PWM block diagram
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Fig. 24. 8-bit PWM timing
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@at “2C16" to DA-H regist% Get “2816" to DA-L registeD

b7 b6 b5 bdyb3 b2 bl b0 b7 b6 b5 b4y b3 b2 bl b0
OAH [ofJofafof[1[a]ofo]om DA-Lregister] [ | [1]o]1]ofo]o]Dt
register] NE—
Undefined
At writing of DA-L At writing of DA-L
b13 b6 b5 b0

DAlach] [0 o] 1] ol 1l 2l ofo]2]o]1]olo] o]

These bits decide “H" level area of These bits decide smaller interval “tm” in which “H" leval
fundamental waveform. ‘ area is [*H” level area of fundamental waveform + 1 ].

i Minimum ) )
H” level area of = ( resolution bit ) ] ( High-order 8-bit
fundamental waveform value of DA latch

width 0.25 ps
Fundamental ( Waveform of smaller interval “tm” specified by low-order 6 bits\
waveform
0.25 psO44 0.25 ps 045
< 0.25 ps
14-bit oRl oAl 102100 14-bit P v ey
PWM output| 2C! 2B! 2A! ... 10310210100 PWM output| 2C! 2B: 2A! ... 1 0310201
8-bit CFFE D06 D5 DA D3 - 02 oL | 8-bit FFE T 0605 Daloa oz o) |
counter FF FE'FD' ---'D6'D5'D4'D3' - ' 02! 01' 00 counter FF' FE'FD' - 'D6'D5'D4'D3' -~ ' 02! 01' 00
Fundamental waveform of smaller interval
“tm” which is not specified by low-order 6
bits is not changed.
0.25 us 044 1=0.25ps

14-bit PWM output

Low-order 6-bit output
of DA latch

Repeat period
T =4096 us

Fig. 25. 14-bit PWM output example (f(X IN) = 8 MHz)
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PWM output control register 1
(PW: address 00D516)

DA, PWM count source selection bit
0 : Count source supply
1: Count source stop

DA/PN4 output selection bit
0 : DA output
1: PN4 output

P60/PWMO output selection bit
0 : P6o output
1: PWMO output

P61/PWM1 output selection bit
0 : P61 output
1: PWML1 output

P62/PWM2 output selection bit
0 : P62 output
1: PWM2 output

P63/PWM3 output selection bit
0 : P63 output
1: PWM3 output

POo/PWM4 output selection bit
0 : POo output
1: PWM4 output

PO1/PWM5 output selection bit
0 : PO1 output
1: PWMS5 output

PWM output control register 2
(PN: address 00D616)

P02/PWM6 output selection bit
0 : P02 output
1 : PWM6 output

P03/PWM?7 output selection bit
0 : PO3 output
1: PWM7 output

DA output polarity selection bit
0 : Positive polarity
1 : Negative polarity

PWM output polarity selection bit
0 : Positive polarity
1 : Negative polarity

DA general-purpose output bit
0 : Output “L”
1 : Output “H”

Fig. 26. Structure of PWM output control register 1

Fig. 27. Structure of PWM output control register 2
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A-D COMPARATOR

A-D comparator consists of 6-bit D-A converter and comparator. A-D
comparator block diagram is shown in Figure 30.

The reference voltage “Vref” for D-A conversion is set by bits O to 5 of 7 0

the A-D control register 2 (address 00EF16). A-D control register
The comparison result of the analog input voltage and the reference (ADC: address 00EF16)
voltage “Vref” is stored in bit 4 of the A-D control register (address

00EE1s6).

. . . S D-A converter set bits
For A-D comparison, set “0” to corresponding bits of the direction Refer to Table 7.

register to use ports as analog input pins. Write the data for select of
analog input pins to bits 0 to 2 of the A-D mode register and write the
digital value corresponding to Vref to be compared to the bits 0 to 5
A-D control register. The voltage comparison starts by writing to the
A-D control register, and it is completed after 16 machine cycles (NOP
instruction O 8).

Fig. 29. Structure of A-D control register

7 0
A-D mode register Table 7. Relation between contents of A-D control register and
(ADM: address O0EEz16) reference voltage “V ref”
A-D control register Reference
Agg"ﬁ input pin selection bits Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | voltage “Vref’
0 0 0:AD1 0 0 0 0 0 0 1/128 Vcc
0 0 1:AD2
0 1 0-AD3 0 0 0 0 0 1 3/128 Vcc
0 1 1:AD4 0 0 0 0 1 0 5/128 Vcc
1 0 0:AD5
1 0 1:AD6
1 1 0:AD7
11 1:AD8 1 1 1 1 0 1 123/128 Vcc
Storage bit of comparison result 1 1 1 1 1 0 125/128 Ve
0 : Input voltage < reference voltage 1 1 1 1 1 1 127/128 Vcc
1: Input voltage > reference voltage
Fig. 28. Structure of A-D mode register
Data bus
A-D mode register
- Comparator control
Bits 0 to 2
A-D mode A-D control
P1s/INT3/A-D1—] register register 2
P16/A-D2 —
Analog
pasiNaABs | signal Compa” gita || sits | sita | Bits | stz | Btz | sito |
P42/Sn/A-D5—]  Switch
P41/ScLk/A-D6 —
P4o/Sout(iny/A-D7—
P1o/OUT2/A-D8 —
Switch tree
Resistor ladder
Fig. 30. A-D comparator block diagram
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CRT DISPLAY FUNCTIONS

(1) Outline of CRT Display Functions
Table 8 outlines the CRT display functions of the M37212M6-XXXSP/

FP. The M37212M6-XXXSP/FP incorporates a CRT display control
circuit of 24 characters O 2 lines. CRT display is controlled by the
CRT control register. Up to 256 kinds of characters can be displayed.
The colors can be specified for each character and up to 4 kinds of
colors can be displayed on one 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 dots configuration to obtain
smooth character patterns (refer to Figure 31).

The following shows the procedure how to display characters on the

CRT screen.

[J write the display character code in the display RAM.

[] Specify the display color by using the color register.

[J write the color register in which the display color is set in the dis-
play RAM.

[] Specify the vertical position by using the vertical position register.

[] Specify the character size by using the character size register.

[] Specify the horizontal position by using the horizontal position
register.

[J write the display enable bit to the designated block display flag of
the CRT control register. When this is done, the CRT display starts
according to the input of the VSYNC signal.

The CRT display circuit has an extended display mode. This mode

allows multiple lines (3 lines or more) to be displayed on the screen

by interrupting the display each time one line is displayed and rewrit-
ing data in the block for which display is terminated by software.

Figure 32 shows the structure of the CRT display control register.

Figure 33 shows the block diagram of the CRT display control circuit.

Table 8. Outline of CRT display functions

g 12 dots >

16 dots

Fig. 31. CRT display character configuration

Parameter Functions
Number of display )
characters 24 characters [ 2 lines
Dot structure 12 0 16 dots (refer to Figure 31)
Kinds of characters 256 kinds
Kinds of character sizes 3 kinds

Kinds of colors |1 screen : 4 kinds, maximum 7 kinds

Color

Coloring unit | A character

Display expansion Possible (multiline display)

Raster coloring Possible (maximum 7 kinds)

Character background Possible (a character unit, 1 screen :

coloring 4 kinds, maximum 7 kinds)

CRT control register
(CC: address 00EA16)

All-blocks display control bit (Note)
0 : All-blocks display off
1 : All-blocks display on

Block 1 display control bit

0 : Block 1 display off
1: Block 1 display on

Block 2 display control bit
0 : Block 2 display off
1: Block 2 display on

P10/OUT2 pin switch bit
0:Plo
1:0UT2

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

Fig. 32. Structure of CRT control register
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OSC1 0OSsC2 Hsync VsyNC

O OO,
(Address 00EA16) T

CRT control register

Y

Display oscillation
circuit

(Addresses 00E116, 00E216)

Vertical position registers

(Address 00E416)

Character size register
Display position control circuit

(Address 00EO16)

Horizontal position register

(Address 00E516)

Border selection register

Display control
circuit

Y Y Y

RAM for display ROM for dis
! play

10bits 012402 12 bits O

16 O 256
(Addresses 00E616
to 00E916)

/ Y
Color registers Shift register Shift register

12 bits 12 bhits

(Address 00ECz1s)

QOutput circuit

CRT port control register >

R

B OuUT1 OuUT2

Fig. 33. Block diagram of CRT display control circuit
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(2) 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 each block (refer to (4) Memory for Display).
The display position of each block can be set in both horizontal and
vertical directions by software.

The display position in the horizontal direction can be selected for all
blocks in common from 64-step display positions in units of 4Tc
(Tc = oscillating cycle for display).

The display position in the vertical direction for each block can be
selected from 128-step display positions in units of 4 scanning lines.

Block 2 is displayed after the display of block 1 is completed (refer to
Figure 34 (a)). Accordingly, if the display of block 2 starts during the
display of block 1, only block 1 is displayed. Similarly, when multiline
display, block 1 is displayed after the display of block 2 is completed
(refer to Figure 34 (b)).

The vertical position can be specified from 128-step positions (4 scan-
ning lines per a step) for each block by setting values “0016” to “7F16”
to bits 0 to 6 in the vertical position register (addresses 00E116 and
00E216). Figure 36 shows the structure of the vertical position regis-
ter.

Block 1

Block 2

(a) Example when each block is separated

CV1l -"--"f oo

Block 1
Block 2 <— No display
f Block 1 (second) <— No display

(b) Example when block 2 overlaps with block 1

Fig. 34. Display position
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The display position in the vertical direction is determined by count-
ing the horizontal sync signal (Hsync). At this time, it starts to count
the rising edge (falling edge) of HsyNnc signal from after about 1 ma-
chine cycle of rising edge (falling edge) of VsyNc signal. So interval
from rising edge (falling edge) of VsyNc signal to rising edge (falling
edge) of HsyNc signal needs enough time (2 machine cycles or more)
for avoiding jitter. The polarity of HsYNC and VSYNC signals can se-
lect with the CRT port control register (address 00EC16). For details.
refer to (8) CRT Output Pin Control.

Note: When bits 0 and 1 of the CRT port control register (address
00EC16) are set to “1” (negative polarity), the vertical position
is determined by counting falling edge of HsyNC signal after
rising edge of VsyNc control signal in the microcomputer (re-
fer to Figure 35).

VsyNc signal input

VsyNc control

_1(—1 0.25 to 0.50 [us]
} / (at f(XIN) = 8BMHz)
signal in
microcomputer

Period of counting !
Hsync signal

b

(Note)
HsyNC T 1 HT T T
signal input
rrr et
1 2 3 4 5
Not count

When bits 0 and 1 of the CRT port control register (address
00EC1s6) are set to “1” (negative polarity)

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

Fig. 35. Supplement explanation for display position

7 0

| | | | | | | Vertical position registers 1, 2

(CV1: address 00E116)
(CV2 : address 00E216)

Vertical display start positions
128 steps from “0016” to “7F16”

Fig. 36. Structure of vertical position register

The horizontal position is common to all blocks, and can be set in 64
steps (where 1 step is 4Tc, Tc being the display oscillation period)
as values “0016” to “3F16” in bits 0 to 5 of the horizontal position
register (address 00E016). The structure of the horizontal position
register is shown in Figure 37.

! 0
| | | | | | | | | Horizontal position register
(HR : address 00EOQ16)

Horizontal display start positions
64 steps from “0016” to “3F16”
(1 stepis 4TC)

Fig. 37. Structure of horizontal position register

MITSUBISHI
36 ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37212M4-XXXSP, M37212M6-XXXSP/FP
M37212EF-XXXSP/FP, M37212EFSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
and ON-SCREEN DISPLAY CONTROLLER

(3) Character Size . 0
The size of characters to be displayed can be from 3 sizes for each . .

. i Character size register
block. Use the character size register (address 00E416) to set a char- (CS : address 00E416)

acter size. The character size of block 1 can be specified by using
bits 0 and 1 of the character size register; the character size of block

2 can be specified by using bits 2 and 3. Figure 38 shows the struc- Character size of block 1
ture of the character size register. selectlon_b'lts .
The ch . b | d 3 sizes: mini . 0 0 : Minimum size

' ec gracter size car.1 e selected from s'lzes'. m|n|mum size, me- 01 : Medium size
dium size and large size. Each character size is determined by the 10: Large size
number of scanning lines in the height (vertical) direction and the 11 : Do not set.
oscillating cycle for display (Tc) in the width (horizontal) direction.
The minimum size consists of [1 scanning line] O [1Tc]; the medium Character size of block 2

selection bits

size consists of [2 scanning lines] O [2Tc]; and the large size con- S .

) o . 0 0 : Minimum size
sists of [3 scanning lines] O [3Tc]. Table 9 shows the relation be- 01 : Medium size
tween the set values in the character size register and the character 10: Large size
sizes. 11: Do not set.

Fig. 38. Structure of character size register

Mini-
mum

Medium

Large

<— Horizontal display start position

Fig. 39. Display start position of each character size (horizontal direction)

Table 9. Relation between set values in character size register and character sizes

Set values of character size register Character Width (horizontal) direction Height (vertical) direction
CSn1 CSno size Tc: oscillating cycle for display scanning lines
0 0 Minimum 1Tc 1
0 1 Medium 2Tc 2
1 0 Large 3Tc 3
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 39).
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(4) Memory for Display

There are 2 types of memory for display : CRT display ROM (ad-
dresses 1000016 to 11FFF16) used to store character dot data
(masked) and CRT display RAM (addresses 060016 to 06B716) used
to specify the colors of characters to be displayed. The following de-
scribes each type of display memory.

] ROM for display (addresses 10000 16 to 11FFF16)

The CRT display ROM contains dot pattern data for characters to be
displayed. For characters stored in this ROM to be actually displayed,
it is necessary to specify them by writing the character code inherent
to each character (code determined based on the addresses in the
CRT display ROM) into the CRT display RAM. The character code
list is shown in Table 10.

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

The CRT display ROM space is broadly divided into 2 areas. The
[vertical 16 dots] O [horizontal (left side) 8 dots] data of display char-
acters are stored in addresses 1000016 to 107FF16 and 1100016 to
117FF1s6 ; the [vertical 16 dots] O [horizontal (right side) 4 dots] data
of display characters are stored in addresses 1080016 to 10FFF16
and 1180016 to 11FFF16 (refer to Figure 40). Note however that the
high-order 4 bits in the data to be written to addresses 1080016 to
10FFF16 and 1180016 to 11FFF16 must be set to “1” (by writing data
“FX16").

b7 b0 b7 b3 b0
10XX016 olojo|o|0|/0|0O]O 10XX016 ojo|o|o0
or ojojojo|o|1|0]|0 + 80016 ojo|o]|o0
11XX016 ojojofofofj1]|0]o0O 11)820 ojo|o]o
oloflofofa]of1]o " 800126 ojlofo]o
o|lo|ojo|1|0|1]|0O oloflo|o
o|o|o|1|0|0|0f1 oloflo|o
ojo|oj1|0|0|0]|1 oloflo|o
o|o|o|1|o0|/0|0f1 oloflo|o
o|o|1|/o|0|l0|0|O 1/0|/0]|0
ojofa|o|of0|0]|O 1/0|/0]|0
o|of|aa|2|2|11 1/0|/0]|0
o|l1|{o|/o|o|l0|0]|O of1|ofo0
o|1|o|o|0|l0|O]|O of1|o0|o0
o|1|o|o|0|l0|O]|O of1|/o0|o0
o|lojo|o|o|lo|O]|oO oloflo|o
10xxFie (0]0]0][0]0]0]0]0 10XXF16 0j0j0]o0
or +80016
11XXF16 or
11XXF16
+ 80016
Fig. 40. Display character stored data
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Table 10. Character code list (partially abbreviated)

Character code Charagter data storage address .
Left 8 dots lines Right 4 dots lines
1000016 1080016
0016 to to
1000F16 1080F16
1001016 1081016
0116 to to
1001F16 1081F16
1002016 1082016
0216 to to
1002F16 1082F16
1003016 1083016
0316 to to
1003F16 1083F16
107EO16 10FEO16
7TE16 to to
107EF16 10FEF16
107F016 10FFO16
7F16 to to
107FF16 10FFF16
1100016 1180016
8016 to to
1100F16 1180F16
1101016 1181016
8116 to to
1101F16 1181F16
117D016 11FDO016
FDie to to
117DF16 11FDF16
117EO16 11FEO16
FE16 to to
117EF16 11FEF16
117FO016 11FFO16
FFie to to
117FF16 11FFF1e

[] RAM for display (addresses 0600 16 to 06B7 16)

The CRT display RAM is allocated at addresses 060016 to 06B716,
and is divided into a display character code specification part and
display color specification part for each block. Table 11 shows the
contents of the CRT display RAM.

For example, to display 1 character position (the left edge) in block
1, write the character code in address 060016 and write the color
register No. to the low-order 2 bits (bits 0 and 1) in address 068016.
The color register No. to be written here is one of the 4 color regis-
ters in which the color to be displayed is set in advance. For details
on color registers, refer to (5) Color Registers. The structure of the
CRT display RAM is shown in Figure 41.

Table 11. Contents of CRT display RAM

ELECTRIC

Block Display position (from left) Character code specification Color specification
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 069816
Not used to to
061F16 069F16
1st character 062016 06A016
2nd character 062116 06Al16
3rd character 062216 06A216
Block 2 : : :
22nd character 063516 06B516
23rd character 063616 06B616
24th character 063716 06B716
MITSUBISHI
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Block 1
[Character specification]

1st character : 060016
to
24th character : 061716

[Color specification]
1st character : 068016

to
24th character : 069716

Block 2
[Character specification]
1st character : 062016

to
24th character : 063716

[Color specification]

1st character : 06A016
to
24th character : 06B716

Character code
Specify 256 characters (“0016” to “FF16")

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 256 characters (“0016” to “FF16")

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. 41. Structure of CRT display RAM

40
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(5) Color Registers

The color of a displayed character can be specified by setting the
color to one of the 4 registers (CO0 to CO3: addresses 00E616 to
00E916) and then specifying that color register with the CRT display
RAM. There are 3 color outputs; R, G and B. By using a combination
of these outputs, it is possible to set 23—1 (when no output) = 7 col-
ors. However, since only 4 color registers are available, up to 4 col-
ors can be disabled at one time.

R, G and B outputs are set by using bits 1 to 3 in the color register.
Bit 5 is used to specify whether a character output or blank output.
Bits 4, 6 and 7 are used to specify character background color. Fig-
ure 42 shows the structure of the color register.

Color register 0, 1, 2, 3

(COO0 : address 00E616)
(COL1 : address 00E716)
(CO2 : address 00E816)
(CO3 : address 00E916)

B signal output selection bit
0 : No character is output
1: Character is output

G signal output selection bit
0 : No character is output
1: Character is output

R signal output selection bit
0 : No character is output
1 : Character is output

B signal output (background)
selection bit (Note 1)
0 : No background color is output
1 : Background color is output

OUT1 signal output control bit
(Notes 1,2)

0 : Character is output

1 : Blank is output

G signal output (background)
selection bit
0 : No background color is output
1 : Background color is output

R signal output (background)
selection bit (Note 2)
0 : No background color is output
1 : Background color is output

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. 42. Structure of color registers
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Table 12. 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

MDo [COn7 [COns |COns [CON4|[CON3 |COn2 | CON1

G output B output OUT1 output Character output OUT?2 output

No output
0 0 (Notle ] ol 1] o0 A No output (Note 2)
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
- No output
No output -
0 0 0 1 0 0 ! 0 A P . (Note 2)
TV image of character
Blank output background is not displayed.
| - Green
- ->
Blue R o= No output
oo o 1] 1 0 1] 0 ~] \ (Note 2)
Background TV image of character
color Blank output background is not displayed.
No output
g |
1 ol 10|10 A No output Note 2
Border output | Video signal and character
(Black) color (green) are not mixed.
No output
1]olo|1]0o o0o|1]o0 A No output Note 2)
Blank output TV image of character
background is not displayed.
Border Green
output - \’ >
AN BN -=>
(Black) No output
1 0 0 1 1 0 1 0 A - ?Blue (Note 2)

Background Blank output | TV image of character
color — border background is not displayed.

Notes 1 : When COns = “0” and COna4 = “1,” there is output same as a character or border output from the OUT1 pin.
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:0o0rl
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(6) Character Border Function
An border of 1 clock (1 dot) equivalent size can be added to a char-

acter to be displayed in both horizontal and vertical directions. The
border is output from the OUT pin. In this case, set bit 5 of a color
register to “0” (character is output).

Border can be specified in units of block by using the border selec-
tion register (address 00E516). Figure 43 shows the structure of the
border selection register. Table 13 shows the relationship between
the values set in the border selection register and the character bor-
der function.

Border selection register
(MD : address 00E516)

LBlock 1 OUT1 output border
selection bit
0:Sameoutputas R, G, B
is output
1: Border output

Block 2 OUT1 output border
selection bit
0: Same outputas R, G, B
is output
1 : Border output

Fig. 43. Structure of border selection register

Fig. 44. Example of border

Table 13. Relationship between set value in border selection register and character border function

Border selection register Funcii Example of outout
VDo unctions p p
: R, G, B output _n_
0 Ordinar .
y OUT1 output _n_
. . R, G, B output I
1 Border including character .
9 OUT1 output B I
MITSUBISHI
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(7) Multiline Display
The M37212M6-XXXSP/FP can ordinarily display 2 lines on the CRT
screen by displaying 2 blocks at different vertical positions. In addi-
tion, it can display up to 16 lines by using CRT interrupts.
A CRT interrupt request occurs at the point at which display of each
block has been completed. In other words, when a scanning line
reaches the point of the display position (specified by the vertical
position registers) of a certain block, the character display of that
block starts, and an interrupt occurs at the point at which the scan-

ning |

Note:

ine exceeds the block.

A CRT interrupt 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 reg-
ister (address 00EA16), a CRT interrupt request does not

occur (refer to Figure 45).

‘ Block 1 (on display)

‘ Block 2 (on display)

‘ Block 1' (on display)

‘ Block 2' (on display)

_ “CRT interrupt request”
N

“CRT interrupt request”

-

“CRT interrupt request”

~ “CRT interrupt request”

--->

On display (CRT interrupt request occurs at the end of block
display)

’ Block 1 (on display)

l Block 2 (on display)

__, "CRT interrupt request”

_ ., “CRT interrupt request”

N

of

block display)

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

~ No “CRT interrupt request”
>

No “CRT interrupt request”

Fig. 45. Timing of CRT interrupt request
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(8) CRT Output Pin Control
The CRT output pins R, G, B, and OUT1 can also function as ports

P52, P53, P54 and P5s. Set the corresponding bit of the port P5 di-
rection register (address 00CB16) to “0” to specify these pins as CRT
output pins, or set it to “1” to specify it as a general-purpose port P5
pins. The OUT2 can also function as port P1o. Set bit 7 of the CRT
control register (address 00EA16) to “0” to specify it as port P1o, set
it to “1” to specify it as OUT2 pin.

The input polarity of signals HsyNC and VsyNc and output polarity of
signals R, G, B, OUT1 and OUT2 can be specified with the bits of the
CRT port control register (address O0EC16) . Set a bit to “0” to specify
positive polarity; set it to “1” to specify negative polarity. The struc-
ture of the CRT port control register is shown in Figure 46.

(9) Raster Coloring Function
An entire screen (raster) can be colored by setting the bits 5 to 7 of

the CRT port control register. Since each of the R, G, and B pins can
be switched to raster coloring output, 7 raster colors can be obtained.
If the R, G, and B pins have been set to MUTE signal output, a raster
coloring signal is output in the part except a no-raster colored char-
acter (in Figure 47, a character “O”) during 1 horizontal scanning
period. This ensures that character colors do not mix with the raster
color. In this case, MUTE signal is output from the OUT1 pin.

An example in which a magenta character “I” and a red character “O”
are displayed with blue raster coloring is shown in Figure 47.

“RED"
“BLUE”

R : 1 M : Signals

! o ! across
B — L1 [ A_n
ouT1__I ‘

Fig. 47. Example of raster coloring

CRT port control register
(CRTP : address 00ECz16)

Hsync input polarity switch
bit

0 : Positive polarity

1 : Negative polarity

Vsync input polarity switch
bit

0 : Positive polarity

1 : Negative polarity

R, G, B output polarity switch
bit

0 : Positive polarity

1 : Negative polarity

OUT2 output polarity switch
bit

0 : Positive polarity

1 : Negative polarity

OUT1 output polarity switch
bit

0 : Positive polarity

1: Negative polarity

R signal output switch bit
0 : R signal output
1: MUTE signal output

G signal output switch bit
0 : G signal output
1: MUTE signal output

B signal output switch bit
0 : B signal output
1: MUTE signal output

Fig. 46. Structure of CRT port control register
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(10) 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.

® Main clock supplied from the XN pin

® Main clock supplied from the XiN pin divided by 1.5

o Clock from the LC or RC supplied from the pins OSC1 and OSC2.

® Clock from the ceramic resonator or quartz-crystal oscillator sup-
plied from the pins OSC1 and OSC2.

This clock for display can be selected for each block by the CRT

clock selection register (address 00ED16).

When selecting the main clock, set the oscillation frequency to

8 MHz.

Table 14. Set value of CRT clock selection register and clock for display

CRT clock selection register
ud il el S I (CK : address 00OED1s6)

Display clock selection bits
Refer to Table 14.

Fix these bits to “0.”

Fig. 48. Structure of CRT clock selection register

bl b0 Functions
0 0 The clock for display is supplied by connecting RC or LC across the pins OSC1 and OSC2.
. . . ) I N CRT oscillation frequency =

0 1 Since the main clock is used as the clock for display, the oscillation frequency is limited. Because | f(xn)

of this, the character size in width (horizontal) direction is also limited. In this case, pins OSC1 — ~
1 0 | and OSC2 are also used as input ports P36 and P37 respectively. g;x)‘/’fg”at'on frequency =

The clock for display is supplied by connecting the following across the pins OSC1 and OSC2.
1 1 « a ceramic resonator only for CRT display and a feedback resistor

 a quartz-crystal oscillator only for CRT display and a feedback resistor (Note)

Note: Itis necessary to connect other ceramic resonator or quartz-crystal oscillator across the pins Xin and XouT.
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RESET CIRCUIT
The M37212M6-XXXSP/FP is reset according to the sequence shown

in Figure 49. It starts the program from the address formed by using
the content of address FFFF16 as the high-order address and the
content of the address FFFE16 as the low-order address, when the
RESET pin is held at “L” level for 2 us or more while the power source
voltage is 5 V £ 10 % and the oscillation of a quartz-crystal oscillator

or a ceramic resonator is stable and then returned to “H” level. The
internal state of microcomputer at reset are shown in Figure 51.

An example of the reset circuit is shown in Figure 50.

The reset input voltage must be kept 0.6 V or less until the power
source voltage surpasses 4.5 V.

XIN |_|_|—I_ _______ |_|_|—I_|_I_I_I_[_

RESET ]

Internal RESET

SYNC

[ ]

Address

X 2 X |2 Xoz, sXo1, s-1X01, s2X FrrEXFFFE X A3

Reset address from the vector table

Data X 2 X2 X 2 X 2 X 2 XapcXaonX

>

32768 count of XIN
clock cycle (Note 3)

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 in hardware. At this time, “FF 16" 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. 49. Reset sequence

Poweron

Power source voltage L 45V
oV

Reset input voltage _/_
oV ‘ 06V

27
Vce
1
5 O RESET
M51953AL
4_| [ —
0.1 uF
3
%l vss

M37212M6-XXXSP

Fig. 50. Example of reset circuit
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Address Contents of register Address Contents of register

Port PO direction register (00C116) Color register 0 (O0E616)
Port P1 direction register (00C316) Color register 1 (O0E716)
Port P2 direction register (00C516) Color register 2 (00E816)
Port P3 direction register (00C716) Color register 3 (OOE916)
Port P4 (00C816) CRT control register (00EA16)
Port P4 direction register (00C916) CRT port control register (OOEC16)
Port P5 (0O0CAz16) CRT clock selection register (00ED16) XIXIXIXIXIX[0]0]
Port P5 direction register (00CB1s) A-D mode register (0oEE1) [XIXDXO<[0[0]0]
Port P6 (0occCie) XXDXDX1]a]a]1] A-D control register (OOEF16)
Port P6 direction register (00CD16) Timer 1 (OOFO016)
DA-L register (OOCF1s) Timer 2 (OOF116)
PWM output control register 1 (00D516) Timer 3 (O0F216)
PWM output control register 2 (0oD61s) XPXP<olo]o]o]0] Timer 4 (O0F316)
12C address register (00D816) Timer 12 mode register (O0F416)
I2C status register (00D916) [0]O[0][1]0[0[0[O] Timer 34 mode register (0oF516)  [XIX[0]olo[0[0[0]
12C control register (0O0DA16) Interrupt input polarity register (00F916) [XTX[0]0o[oXIXIX]
12C clock control register (O0DB16) CPU mode register (OOFB16)
Serial I/0 mode register (00DC16) Interrupt request register 1 (OOFC16)
Horizontal register (OOEO016) Interrupt request register 2 (OOFDazs)
Vertical position register 1 (OOE116) Interrupt control register 1 (OOFE1s)
Vertical position register 2 (O0E216) Interrupt control register 2 (OOFF16)
Character size register (00E416) DXDDXIX[O0O O] ] Processor status register (PS)
Border selection register (00E516) DXDXIXDXIXIGDXE ] Program counter (PCH)
(PCL)

Note : The contents of all other registers and RAM are undefined at reset, so set their initial values.
[O] : Undefined
X : Unused bit

Fig. 51. Internal state of microcomputer at reset
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Port PO

Data bus

Data bus

Data bus

—— | Direction register

— Port latch

N-channel open-drain output

Port PO

B

Note: Each port is also used as below:
P00-P03 : PWMO-PWM7

Ports Plo, P2, P30, P31

1
~N
&
—
&S
\Y ]
o
D
4 (mm
777
Pl
~N

CMOS output

Ports P4o, P41

SIN, ScLk

R I
]
— Port latch i

21
~N

(O Ports Plo, P2, P30, P31

N-channel open-drain output

Ports P40, P41

Note: Each port is also used as below:
P40 : Sout(/IN)/A-D7
P41 : ScLk/A-D6

BSELO SCL1, SCL2,
— SDA1, SDA2
Ports P11-P14 BSEL1
-
Direction register [ N-channel open-drain output
—
= CMOS output
v |
Data bus O ports P1-P1s
20 -
2C-BUS clock LU o < Notes 1: Each port is also used as
12C-BUS data 1 — below-
A4 P11:SCL1
P12:SCL2
<] P13: SDAL
P14: SDA2

2: The output structure of P11—
P14 is N-channel open-drain
output when they are used as
multi-master [2C-BUS inter
face.

Fig. 52. 1/0 pin block diagram (1)
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Ports Ple, P17

Data bus

Ports P15, P32—P37, P42

TIM2, TIM3,
INT1,
INT2, SIN, INT3

Data bus

Ports P60-P63

Internal circuit

HsyNc, VsynC

Internal circuit

1O Ports P60-P63
Data bus Port latch > 1 ;

Ports P16, P17

Note: Each port is also used as below:
Pls: A-D2
P17:A-D3

Schmidt input

Ports P15, P32-P37, P42

Note: Each port is also used as below:
P1s:INT3/A-D1
P32 :TIM2
P33:TIM3
P34 :INT1
P35 : INT2/A-D4
P36 : OSC1
P37:0SC2
P42 : SIN/A-D5

N-channel open-drain output

Note: Each port is also used as below:
P60 —P63 : PWMO-PWM3

D-A, R, G, B, OUT1, OUT2

CMOS output

-
[
=
2
D-A, R, G, B, OUT1, OUT2
(.
b’i Note: Each pin is also used as below:
R: P52
G: P53
i« B: P54
OUT1 : P55

OUT2 : P10/A-D8

Schmidt input

HsYNC, VSYNC

Fig. 53. 1/O pin block diagram (2)
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CLOCK GENERATING CIRCUIT

The built-in clock generating circuit is shown in Figure 56. When the
STP instruction is executed, the internal clock gstops at “H” level. At
the same time, timers 3 and 4 are connected in hardware and “FF16”
is set in the timer 3, “0716” is set in the timer 4. Select f(XIN)/16 as the
timer 3 count source (set bit 0 of the timer 34 mode register to “0”
before the execution of the STP instruction). And besides, set the
timer 3 and timer 4 interrupt enable bits to disabled (“0”) before ex-
ecution of the STP instruction. The oscillator restarts when external
interrupt is accepted, however, the internal clock @keeps its “H” level
until timer 4 overflows. Because this allows time for oscillation stabi-
lizing when a ceramic resonator or a quartz-crystal oscillator is used.
When the WIT instruction is executed, the internal clock ¢ stops in
the “H” level but the oscillator continues running. This wait state is
released when an interrupt is accepted (Note). Since the oscillator
does not stop, the next instruction can be executed at once.

When returning from the stop or the wait state, to accept an interrupt,
set the corresponding interrupt enable bit to “1” before executing the
STP or the WIT instructions.

The circuit example using a ceramic resonator (or a quartz-crystal
oscillator) is shown in Figure 54. Use the circuit constants in accor-
dance with the resonator manufacture’s recommended values. The
circuit example with external clock input is shown in Figure 55. Input
the clock to the XIN pin, and open the XouT pin.

Note: In the wait mode, the following interrupts are invalid.
(1) VsyNc interrupt
(2) CRT interrupt
(3) f(XIN)/4096 interrupt
(4) Timer 1 interrupt using f(XIN)/4096 as count source
(5) Timer 2 interrupt using P24/TIM2 pin input as count source
(6) Timer 3 interrupt using P23/TIM3 pin input as count source
(7) Timer 4 interrupt using f(XIN)/2 as count source
(8) Multi-master 12C-BUS interface interrupt

M37212M6-XXXSP

XIN Xout
24 25
0—| D |—4I
—CiN — Cout

i i

Fig. 54. Ceramic resonator circuit example

XIN

M37212M6-XXXSP

24

External oscillation circuit

Vcce

uut

Vss

Fig. 55. External clock input circuit example

Interrupt request
Reset
Sk
Interrupt disable S Q
flag |
Reset
—>
Selection gate : :?]”;rr fi ni R[—STP
Connected to black STP instruction ——{R structio instruction
colored side at reset.
T34M : Timer 34 mode register
Internal clock
12 1/8 O ™ Timer 3 Timer 4
T34Mo \/f
O O T34M2
XIN Xout
Fig. 56. Clock generating circuit block diagram
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DISPLAY OSCILLATION CIRCUIT

The CRT display clock oscillation circuit has a built-in clock oscilla-
tion circuits, so that a clock for CRT display can be obtained simply
by connecting an LC, an RC, a ceramic resonator or a quartz-crystal
oscillator circuit across the pins OSC 1 and OSC 2. Select the clock
for display with bits 0 and 1 of the CRT clock selection register (ad-
dress 00EDz16).

OSC1 OSC2

1l

Cl; - 7_77|702

Fig. 57. Display oscillation circuit

AUTO-CLEAR CIRCUIT

When power source is supplied, the auto-clear function can be per-
formed by connecting the following circuit to the RESET pin.

Circuit example 1

L

Vee
RESET

Circuit example 2

RESET T

Vce

/J7 ; Vss
Note : Make the level change from “L” to “H” at the point at

which the power source voltage exceeds the specified
voltage.

Fig. 58. Auto-clear circuit example

ADDRESSING MODE

The memory access is reinforced with 17 kinds of addressing modes.
Refer to the SERIES 740 <Software> User’'s Manual for details.

MACHINE INSTRUCTIONS
There are 71 machine instructions. Refer to the SERIES 740 <Soft-

ware> User's Manual for details.

PROGRAMMING NOTES
(1) The divide ratio of the timer is 1/(n+1).

(2) Even though the BBC and BBS instructions are executed imme-
diately after the interrupt request bits are modified (by the pro-
gram), those instructions are only valid for the contents before
the modification. At least one instruction cycle is needed (such as
an NOP) between the modification of the interrupt request bits
and the execution of the BBC and BBS instructions.

(3) After the ADC and SBC instructions are executed (in decimal
mode), one instruction cycle (such as an NOP) is needed before
the SEC, CLC, or CLD instruction is executed.

(4) An NOP instruction is needed immediately after the execution of
a PLP instruction.

(5) In order to avoid noise and latch-up, connect a bypass capacitor
(= 0.1 uF) directly between the Vcc pin-Vss pin and the Vcc pin—
CNVss pin using a thick wire.
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DATA REQUIRED FOR MASK ORDERS

The following are necessary when ordering a mask ROM produc-
tion:

(1) Mask ROM Order Confirmation Form

(2) Mark Specification Form

(3) Data to be written to ROM, in EPROM form (32-pin DIP type
27C101, three identical copies)

PROM Programming Method
The built-in PROM of the One Time PROM version (blank) and built-

in EPROM version can be read or programmed with a general-pur-
pose PROM programmer using a special programming adapter.

Product Name of Programing Adapter
M37212EF PCAT7406
M37212EFFP PCA7420

The PROM of the One Time PROM version (blank) is not tested or
screened in the assembly process and following processes. To en-
sure proper operation after programming, the procedure shown in
Figure 59 is recommended to verify programming.

Programming with
PROM programmer

NS

Screening (Caution)
(150°C for 40 hours)

NS

Verification with
PROM programmer

NS

| Functional check in target device |

Caution : The screening temperature is far higher than
the storage temperature. Never expose to
150°C exceeding 100 hours.

Fig. 59. Programming and testing of One Time PROM version
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vce Power source voltage Vcc All voltages are based -0.3t06 \
on Vss.
. —0. \
Vi Input voltage CNVss Output transistors are 0.3t0 6
Vi Input voltage P00-P07, P1o-P14, P20-P27, cut off. -0.3toVcc +0.3 \
P30-P37, P40—P42, OSC1,
XIN, HSYNC, VsYNC, RESET
Vo Output voltage P1o-P14, P20-P27, P30, P31, -0.3toVcc +0.3 \
P40, P41, R, G, B, OUT1, D-A,
Xout, OSC2
Vo Output voltage PO0-P07, P60-P63 -0.3t0 13 \%
IoH Circuit current R, G, B, OUT1, P1lo-P14, 0to 1 (Note 1) mA
P20-P27, P30, P31, D-A
loL1 Circuit current R, G, B, OUT1, PO0s, P07, P10, 0to 2 (Note 2) mA
P15-P17, P20-P23, P30-P32,
D-A
loL2 Circuit current P11-P14 0 to 6 (Note 2) mA
loLs Circuit current P00—P07, P60-P63 0to 1 (Note 2) mA
loLa Circuit current P24-pP27 0 to 10 (Note 3) mA
Pd Power dissipation Ta=25°C 550 mw
Topr Operating temperature -10 to 70 °C
Tstg Storage temperature —40 to 125 °C
RECOMMENDED OPERATING CONDITIONS (Ta=-10°Cto 70 °C, Vcc = 5 V + 10 %, unless otherwise noted)
Symbol Parameter - Limits Unit
Min. Typ. Max.
\Y{ele Power source voltage (Note 4), During CPU, CRT operation 4.5 5.0 5.5 \
Vss Power source voltage 0 0 0 \%
VIH1 “H” input voltage P00—-P07,P10-P17, P20-P27, P30-P37, 0.8vcc \Y/ele \%
SIN, SCLK, HsyNc, VsyYNC, RESET, XIN,
OSC1, TIM2, TIM3, INT1, INT2, INT3
VIH2 “H” input voltage SCL1, SCL2, SDA1, SDA2 0.7Vcc Vcc \%
(When using I2C-BUS)
ViL1 “L” input voltage P0O0—-P07,P10-P17, P20-P27, P30—-P37, 0 0.4 Vcc \%
P40-P42
ViL2 “L” input voltage SCL1, SCL2, SDA1, SDA2 0 0.3 Vcc \Vi
(When using 1°C-BUS)
ViL3 “L” input voltage HsSYNC, VsYNC, RESET,TIM2, TIM3, INT1, 0 0.2 Vcc \Vi
INT2, INT3, XIN, OSC1, SIN, SCLK
IoH “H” average output current (Note 1) R, G, B, OUT1, D-A, P1o-P14, P20-P27, 1 mA
P30, P31
loL1 “L” average output current (Note 2) R, G, B, OUT1, D-A, Plo, P20-P23, P30, 2 mA
P31, P40, P41
loL2 “L” average output current (Note 2) P11-P14 6 mA
loLs “L” average output current (Note 2) P00—P07, P60-P63 1 mA
loLa “L” average output current (Note 3) P24-P27 10 mA
fcpu Oscillation frequency (for CPU operation) (Note 5) XIN 7.9 8.0 8.1 MHz
fcrT Oscillation frequency (for CRT display) (Note 5) 0OSC1 5.0 8.0 MHz
fhs1 Input frequency TIM2, TIM3 100 kHz
fhs2 Input frequency SCLK 2 MHz
fhs3 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 hoise. 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 (vcc=5V 10 %, Vss =0V, f(XIN) = 8 MHz, Ta =10 °C to 70 °C, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
y Min. Typ. Max.
Icc Power source current System operation Veec=5.5Y, CRT OFF 10 20 mA
f(XIN) =4 MHz | CRT ON 20 40
vVcc=55YV, CRT OFF 20 40
f(XIN) = 8 MHz | CRT ON 30 60
Stop mode Vecec =55V, f(XIN) =0 300 UA
VOH “H” output voltage R, G, B, OUT1, D-A, P1o-P14, | Vcc =45V 2.4 Y,
P20-P27, P30, P31 IoH =-0.5 mA
VoL “L” output voltage R, G, B, OUT1, D-A, P1lo, Vcc =45V 0.4 \Y
P20-P23, P30, P31, P40, P41 loL=0.5mA
“L” output voltage ~ P24-P27 Vcc =45V 3.0
loL=10.0 mA
“L" output voltage ~ P11-P14 Vcc =45V | loL=3mA 0.4
loL =6 mA 0.6
“L” output voltage ~ P00—P07, P60-P63 vee=45V 0.4
loL=0.5mA
Hysteresis RESET Vce =50V 0.5 0.7 \Y
VT+-VT-
Hysteresis (Note)  HsYNC, VsYNC, TIM2, TIM3, Vcc=5.0V 0.5 13
INT1, INT2, INT3, SCL1,
SCL2, SDA1, SDA2, SIN, SCLK
| “H” input leak current RESET, P1o—P17, P20-P27, Vcc =55V 5 UA
12H P30-P37, P40-P42, HSYNC, VI=55V
VSYNC
| “L” input leak current RESET, P0Oo—P07, P1o-P17, Vcc =55V 5 HA
1zt P20-P27, P30-P37, P40-P42, |VI=0V
P60-P63, HSYNC, VSYNC
| “H” output leak current POo—P07, P60-P63 Vcc =55V 10 HA
ozH Vo=12V
RS I2C-BUS-BUS switch connection resistor Vcc=45V 130 Q
(between SCL1 and SCL2, SDA1 and SDA2)

Note: P15, P32, P33, P34, P35 have the hysteresis when these pins are used as interrupt input pins or timer input pins. P40—P42 have the
hysteresis when these pins are used as serial /O pins. P11-P14 have the hysteresis when these pins are used as multi-master 12C-BUS
interface pins.
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A-D COMPARATOR CHARACTERISTICS
(Vec =5V £10 %, Vss =0V, f(XIN) = 8 MHz, Ta = 25 °C, unless otherwise noted)

-, Limits .
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
— Resolution 6 bits
— Absolute accuracy 0 +1 +2 LSB

Note: WhenVcc =5V, 1LSB =5/64V.

MULTI-MASTER 12C-BUS BUS LINE CHARACTERISTICS

Standard clock mode |High-speed clock mode .
Symbol Parameter - - Unit
Min. Max. Min. Max.

tBUF Bus free time 4.7 13 us
tHD:STA Hold time for START condition 4.0 0.6 us
tLow “L” period of SCL clock 4.7 1.3 us
tR Rising time of both SCL and SDA signals 1000 20+0.1Cb 300 ns
tHD:DAT Data hold time 0 0 0.9 us
tHIGH “H" period of SCL clock 4.0 0.6 us
tF Falling time of both SCL and SDA signals 300 20+0.1Cb 300 ns
tSU:DAT 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

- ---

T

tBUF

gy N o

| tLow
, <R
'p S /
SCL ! !
| T
o Sl
tHDISTA tHD:DAT tHIGH tSUIDAT tSUISTA
Fig. 60. Definition diagram of timing on multi-master | 2C-BUS
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PACKAGE OUTLINE

52P4B

Plastic 52pin 600mil SDIP

EIAJ Package Code

| JEDEC Code | Weight(g) | Lead Material

SDIP52-P-600-1.78

[ | 5.1 {Alloy 42/Cu Alloy]

ELECTRIC

Scale 1 1.5/1
&2 @ I
NNANANNANANNANANNANNANANNNT
O o |-
FAVASLVIVAVAVIVIVAUIVIVACLVIVAVAVIVINACIVIVIVAVIVLY
@) @ >
Dimension in Millimeters
0 Symbol Min Nom Max
A - - 55
Al 0.51 - -
A2 - 38 -
b 04 0.5 06
bi 0.9 1.0 13
be 065 | 05 1.05
c 022 | 027 | 034
D | 4565 | 4585 | 4605
SEATING PLANE E 12.85 13.0 13.15
€] = 1778 | -
el = 15.24
L 3.0 = =
g 0 - 15
80P6N-A Plastic 80pin 14X 20mm body QFP
EIAJ Package Code JEDEC Code Weight(g) Lead Material
QFP80-P-1420-0.80 — 1.58 Alloy 42 Mo
Scale : 2/1 @ —
| o ‘LEUU_..I;.._[]]_: )
D = =
[2) © L N o
AAAAARARAAAAAARA - g 2
o) O O =0 = "P:,i Do L
ad el — S —————— ¥
= = = e | 0027
E = E Recommended Mount Pad
ad ===} E
= B ow|y = Symboll_imension in Millimeters
= = = YMOOI™Min | Nom | Max
= =] = A - - 3.05
= = = Al 0 0.1 0.2
= = = A2 = 28 =
= O = = b | 03 035 | 045
= = 5 c 013 | 015 | 02
CEEEELEEEELELE: 0 38 o Al o 42
® ) LA @ = 0.8 =
L1 Ho | 165 16.8 17.1
_ He | 225 | 228 | 231
L 0.4 0.6 0.8
[ [\ g L1 - 14 -
TR L H o\ | o I I I
- F = ﬁ‘r“ 6 0 - 10°
b z . | L be - 05 -
@ Detail F r\|,12D 1-_3 14; :
Mg - 206 =
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GZZ-SH09-49B < 5280 >

Mask ROM number 1 |
740FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37212M4-XXXSP -
MITSUBISHI ELECTRIC e .
Section head | Supervisor
- signature signature
H]
)
1

Note : Please fill in all items marked .

Company TEL Submitted by [ Supervisor
name ( ) § g
% Customer g —g
2 &
Date Date : &g
issued aie :

# 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 submitied EPROMs.

Checksum code for entire EPROM (hexadecimal notation)’

EPROM type (indicate the type used)

J 27¢101
EPROM address
0000+s Product name
ASCIl code :
000F s 'M37212M4
1A
A0QOQ1s data
EFFF1s ROM 24K bytes
1000018 Chatacter BN
107FF | DT TR A
1080016
11 qFFFxs Charactar ROM 2-a
00016
117EF Character ROM 1-b
11‘:222:: Character ROM 1-b

1FFFF|a//////

(1)  Set “FF1¢” in the shaded area.
(2)  Write the ASCH codes that indicates the product name of “M37212M4~" to addresses 0000 15 to 000F 1s.
EPROM data check item (Refer the EPROM data and check “ v in the appropriate box)
® Do you set “FF1¢” in the shaded area ? - Yes O
® Do you write the ASCII codes that indicates the product
name of “M37212Md4-" to addresses 0000 18 to 000F1s?  —> Yes

% 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 (52P4B for M37212M4-XXXSP) and attach to the mask ROM confirmation form.

# 3. Comments
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GZZ~-SH09-49B <52B0 >

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37212M4-XXXSP
MITSUBISHI ELECTRIC

Writing the product name and character ROM data onto EPROMs

Addresses 000015 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 Address
ASCII codes ‘M37212M4-" are listed on the right. 000056 |M'=4D1 | 000816 |~ =2D 15
The addresses and data are in hexadecimal notation. 000116 | ' =331 00091 FFue
000218 ‘77=37 18 000A1s FF s
000316 2'=32 16 000B1s FF 16
000418 =31 16 000C1s FF 16
000516 =32 4 000D1s FF g
000815 ‘M=4D 45 000E 16 FF 1
000718 ‘4'=34 18 000F1s FF s

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.
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740 FAMILY MASK ROM CONFIRMATION FORM
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The structure of character ROM (divided of 12 X16 dots font)

SemsammmmmalRy

Character code Wirite the character code “00 16" to “7F 16"
«ae  OOOCOCIMOOOO00 to atddreses 100;?)r1s to 1OFFF1:.o "
%%%%:%:%E%%% Wiite the character code “80 16” to “FF16”

OOOEOOORCO00 to addreses 1100015 to 11FFF1e.
Qoomooomooan
LOoCmadOOmO0on]
N NN (N
oomOoOoOmocc
OOMENENRECC
UNOO00O0COmO0
(OO0 0O00C MO0
H]_[SiNNENEN_ e
I N O
O O

Character ) Character
ROM1 4_F(OMZ_’

4 W

Example b7 bs bs bs bz b2 b1 bo b7 bs bs b4b3 bz b1 bo

101{:\0150 ESSS%EE% 001s Example 10512015
1 0416
s OO MM oass
4 OO IO oA
s CICICOMOCCTE 11
s C1ILICIMOIOCTE 114
7O00OMO0O000M 1146
s C11MOO0O0O0 204
o DOMOIOINOON 201
ACCMMENENEN =F
s JMCIOOOMO 401
c IROOOD0 404
o OMOOOO0OO 40
e QO0OOO000 oo
FAOOOOOCEI coss

FO1s
FO1s
FO1s
FQis
FO1s
FO1s
FO1s
FO1s
F8is
F81s
F81s
Fdis
F41s
F41s
FO1s
FO1s

MMOOT >» ©0 OO WND-=O0
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Mask ROM number I —l
740FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37212M6-XXXSP/FP Date -
M]TS-UBTSHFEL—ECTRTC Section head | Supervisor
- signature signature
&

Note : Please fill in all items marked 3.

Company TEL R Submitted by | Supervisor
name ( ) § g
s# | Customer g “é
2 5
Datg Date : 27
Issued -

% 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 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 EPROMs.

Microcomputer name : [[] M37212M6-XXXSP [ M37212M6-XXXFP

Checksum code for entire EPROM {hexadecimal notation)

EPROM type (indicate the type used)

O 27¢101
EPROM address
0000+e Product name
ASCll code :
000F1s ‘M37212M6 -
A0001s data
BERR. AOM 24K bytes
1000016 o o
107FF1s aracter AOM 1-a
108001 —
11%%%5“ aracter -8
16
117FF s Character ROM 1-b
1180018

Character ROM 1-b
11FFFe

NS A

(1)  Set“FF1¢” in the shaded area.
(2)  Write the ASCII codes that indicates the product name of “M37212M6~" to addresses 0000 16 to 000F1s.
EPROM data check item (Refer the EPROM data and check “ v~ in the appropriate box)
® Do you set “FF1¢” in the shaded area ? —Yes O
® Do you write the ASCII codes that indicates the product
name of “M37212M6-" to addresses 0000 16 to 000F 15?7 ~ — 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 (52P4B for M37212M6-XXXSP, 80PEN for M37212M6-XXXFP) and attach to the mask ROM
confirmation form.

3#* 3. Comments
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740 FAMILY MASK ROM CONFIRMATION FORM
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Writing the product name and character ROM data onto EPROMs

Addresses 000016 to 000F1s store the product name, and addresses 10000 16 to 11FFF 16 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 ASCH code Address Address
ASCII codes ‘M37212M6-' are listed on the right. 000016 | W =4Dw | 000815 |~ =2D 1
The addresses and data are in hexadecimal notation. 000156 | 3'=334 | 00091 FF 16
000218 ‘7'=37 16 000A:s FF s
000318 2'=32 4 000B1e FF 1
000418 ‘1'=31 18 000C1s FF s
000518 ‘=328 000D1s FF g
000616 ‘M =4D 4 000E16 FF s
000716 ‘6‘ = 3 6 16 000F16 F F 16

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.

z MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37212M4-XXXSP, M37212M6-XXXSP/FP
M37212EF-XXXSP/FP, M37212EFSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
and ON-SCREEN DISPLAY CONTROLLER

GZZ-SH09-48B< 5280 >
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The structure of character ROM (divided of 12 X16 dots font)

Example OJOO000000000
craractercode  JOOOIOMOO0OOO0 N g e
e OOCOCMOCOOND fteecer cote o 1o 70
%%%%:%:E%%%E Write the character code “80 16" to "FF 15"
DDD.DDD.DDDD to addreses 1100016 to 11FFF1a.
doOomodomooun
COOmOOCORCO0O00
OUROODIOOmOo00
OOmOoooOmodn
OdOmEREREECro
COmOO0000OC MO0
OmCOOoO0000mor
OROO0O000 00
0 o O o G
N O o O

Character ) 4Qharacter_>

ROM1 ROM2
4 N

Example  101AO1s b7 be bs ba ba bz b1 bo Exarmla b7 bs bs be bs b2 b1 bo
o JOOOOO0 oo

oiae, | COOCCIMON o4
162 DDDDD.DD 0418
s CO0COMOMO oass
4 OO00OC0MCOIMO) oA
s OOCOHOOCM 110
s [JOCOIMOCICIM 1146
7 COCOMOCOCOMN 1146
8 DD-DDDDD 2016
o COMOOOOMNE 20
ADOHEEENN 37
8 JEAOOC00 404
c OROOOO0N 401
p JMOOOO0O0 40
e OO00O0O0O0O00 oo
F OOOOOO00 ook

FOis
FO1e
FO1s
FO1s
FQ1e
FO1s
FO1s
FO1s
F8is
F81s
F816
Fd16
Fdie
F41e
FO1s
FO1e

0
1
2
3
4
5
§
7
8
9
A
B
[o]
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52P4B (52-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

@2aNNNNNNNNNNANNNANNNNANNNNDNT @

Mitsubishi lot number (6-digit or 7-digit)

li — — — —Mitsubishi IC catalog name

o UUUUUUUUUULUUUUUUUUUUUUUUU @

B. Customer’s Parts Number + Mitsubishi Catalog Name

2A00000A00NAANNNNNAAAAAANANN T — - Gustomer's parts number

| : ’
Al LTI T TTTTTTTT R oot i some ane size of characters

— — =~ Mitsubishi IC catalog name

[Mitsubishi lot number (6-digit or 7-digit)

o UUUUUUUUUUUUTUUUUUTUUUUUUU g

Notet : 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 18 characters :
Only 0~9, A~Z, 4+, —, /., (,), & ©, . (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

A TalalatalialalalalalalolalatalatalatalaTalaTaTaIaINE,

@ UUUUUUTUUTUUUTUUUIUTUUUUUUY ¢

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. D
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MITSUBISHI MICROCOMPUTERS

M37212M4-XXXSP, M37212M6-XXXSP/FP
M37212EF-XXXSP/FP, M37212EFSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
and ON-SCREEN DISPLAY CONTROLLER

80P6N (80-PIN QFP) 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

== Mitsubishi lot number| B2
= (6-digit or 7-digit) | {For—

[——= Mitsubishi lot number| |prr—
== (6-digit or 7-digit) B

Note1 : The mark field shouid be written right aligned.
2:The fonts and size of characters are standard
Mitsubishi type.

C. Special Mark Required

Mitsubishi IC catalog name

r———- Customer’s parts number
Note : The fonts and size of characters are standard

Mitsubishi type.

— ——Mitsubishi IC catalog name

Note3: Customer’s parts number can be up to 14 char-

acters !
Only 0~9, A~Z, +, —, /, (,), & ©, . (period),
and , (comma) are usable.
. If the Mitsubishi logo A is not required, check
the box below.
AMitsubishi logo is not required

]

Notet : If the special mark is to be printed, indicate the

desired layout of the mark in the left 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.
. 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 spécial character fonts a clean font
original (ideally logo drawing) must be sub-
mitted.
Special logo required

[ ]

The standard Mitsubishi font is used for all char-
acters except for a logo.

MITSUBISHI
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— Keep safety first in your circuit designs!

+ Mitsubishi Electric Corporation puts the maximum effort into making semiconductor products better and more reliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage. R to give due on to safety when making your circuit designs, with appropriate measures such as (i) placement of
substitutive, auxiliary circuits, (ii) use of non-flammable material or (iii) prevention against any malfunction or mishap.

— Notes regarding these materials

+ These materials are intended as a reference to assist our customers in the selection of the Mitsubishi semiconductor product best suited to the customer’s application; they do not convey any license under any
intellectual property rights, or any other rights, belonging to Mitsubishi Electric Corporation or a third party.

Mitsubishi Electric Corporation assumes no responsibility for any damage, or infringement of any third-party’s rights, originating in the use of any product data, diagrams, charts or circuit application examples
contained in these materials.

All information contained in these materials, including product data, diagrams and charts, represent information on products at the time of publication of these materials, and are subject to change by Mitsubishi
Electric Corporation without notice due to product improvements or other reasons. It is therefore recommended that customers contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor
product distributor for the latest product information before purchasing a product listed herein.

Mitsubishi Electric Corporation semiconductors are not designed or manufactured for use in a device or system that is used under circumstances in which human life is potentially at stake. Please contact
Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product distributor when considering the use of a product contained herein for any specific purposes, such as apparatus or systems for
transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

The prior written approval of Mitsubishi Electric Corporation is necessary to reprint or reproduce in whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be exported under a license from the Japanese government and cannot be imported into a country other than the
approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination is prohibited.

Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product distributor for further details on these materials or the products contained therein.

© 1997 MITSUBISHI ELECTRIC CORP.
New publication, effective Nov. 1997.
Specifications subject to change without notice. MITSUBISHI

ELECTRIC



REVISION DESCRIPTION LIST M37212M4-XXXSP, M37212M6-XXXSP/FP,

M37212EF-XXXSP/FP, M37212EFSP/FP DATA SHEET
Rev. Revision Description Rev.
No. date
1.0 | First Edition 9811303
1.1 | Correct memory address (P8, Figure 2). 980731

Correct note (P51)
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