MITSUBISHI MICROCOMPUTERS
M37421M6-XXXSP/FP
SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
DESCRIPTON PIN CONFIGURATION (TOP VIEW)
The M37421M6-XXXSP is a single-chip microcomputer de-
signed with CMOS silicon gate technology. It is housed in a v = — P4
64-pin shrink plastic molded DIP (flat package type also Pz:“ _.P4°
1
available) . This single-chip microcomputer is useful for P6, +> — P4,
business equipment and other consumer applications. /0 port P6 P6,/PWM3 + [4] 61] — P4; | High-voltage
In addition to their simple instruction sets, the ROM, RAM, P6,/PWM2 « [5] [50] — P4, |output port P4
and I/0 addresses are placed on the same memory map to P6,/PWM1 ++ |6} [59] — P4
enable easy programming. P6o/T ++ — Pdg
The differences between the M37421M6-XXXSP and the P2+ [ — P4
M37421M6-XXXFP are the package outline and the power ;z": N :g°
dissipation ability (absolute maximum ratings). P;“ - PO‘
1/0 port P2 Pz‘ P02
ad —* P03 | High-voltage
FEATURES P2, + Z [52] — PO, output port PO
® Number of basic instructiong:««««««-=sooreeererrreeereeneenne 69 P2, « 4] @ [571] — POs
® Memory size ROM :oeeeeresemncinmenininiiiein 12288 bytes 7;:220 g [50] — POg
RAM: -+ . ceeene 320 bytes P3;/Saoy + [1§ z (4] — Po,
® Instruction execution time P3s/CLK + i 48] — P1o
----- 0.95us (minimum instructions, at 42MHz frequency) PG;;S/"S“* - g s & - ':'
©® Single power Supply ---«wrrerrererrsesan 5V+10% 1/0 port P3 4/ OIN (%) 2
o A P33/AN |\ + |20] o — P13 | High-voltage
Power dissipation P3,/CNTR= (7] — p1, |output port P1
normal operation mode, at 4.2MHz frequency ---30mW P3, ~ — P,
low speed operation mode, P3, ++ — P1g
at 32kHz frequency for clock function «-«---+---++ 0.3mwW nput port P5 P55/INT; — (1] — P1,
® Subroutine nesting «---seereeeeeee e 64 levels (Max.) P5,/INT, — — P5q | High-voltage
@ Interrupt--« e eesr e 7 types, 5 vectors CNVgs — P5, (::I‘I)-‘:o:ro: PS
@ 8-bit timer-e--eeeeeeeeeenen 3 (2 when used as serial 1/0) Resetinput  RESET — B8 = Ve | age input
® Programmable 1/0 ports (Ports P2, P3, P§) ««--w+--oeee 22 Clock input X = PS5
Clock output Xout + 136] «— P55
) Input pOftS (POﬁS p52~ p57) ..................................... 6 Glock mput for Yo — —ps Input port P5
. 6
® High-voltage output ports e tor Xoour —ps,
(POYTS po, p1, p4, PSO: p51) ................................. 26 clock function Ves -9 Timing output
® Serial 1/0 (8-bit) +-ee-wreerreerereninmses 1 outli
utline 64P4B
. PWM function .............................................. 14_b|tx1 6 4
6-bitX 2 P ON O C NOIDLONG O ND T DO
. . . ' ffideededdeodasasdasd
® Two clock generator circuits (One is for main clock, the ttttttttttt ttttttttt
other is for clock function) elfsstel3Tz2e ol eelfeelfosfeeleafee oo}
@ COMPATALOr -+« ++#+++errmesesssessssastasiaitat et 1 g:. : g g : 55‘
® Generating function for clock input of EAROM p4: —[®] 3] pg4
P4, « [&1] + P55
P4, +— [€2] [32] + PS5,
APPLICATION v e
Office automation equipment Vee 3] — ¢
VCR, Tuner, Audio-visual equipment Vss M37421M6-XXXFP Vss
P65 <+ [66] 128] = Xcour
P64+ [57] + Xein
P63/PWM3 <+ (s8] NC
P6,/PWM2 «* [69] 5] = Xour
P6,/PWM1 +> 4]+ Xin
P6o/T +* NC
NC [22] +— RESET
HAENBERERNDEEDEEEERRT
PLALLLEL TEELLTLLL
SEITIIIETY 37 3edE 28508
S239 0% 336
pogs 59 &8
8
Outline 72P6
NC : No connection
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M37421M6-XXXSP BLOCK DIAGRAM
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MITSUBISHI MICROCOMPUTERS

M37421M6-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M37421M6-XXXSP

Parameter Functions
Number of basic instructions 69
Instruction execution time 0.95us (minimum nstructions, at 4. 2MHz frequency)
Clock frequency 4.2MHz
ROM 12288 bytes
Memory size RAM 320 bytes
PO, P1, P4 Output 8-bitX3 (high-voltage P-channel open drain, Vcc—38V)
P2, P3 170 8-bitX2 (P3 can partially be used as among serial 1/0, clock input
for timer 3 and normal 1/0.)
Input/output ports P5g, P5, Output 2-bitX1 (high-voltage P-channel open drain, Voc—38V)
P5,, P53 input 2-bitX1 (can be used as an input for either INT or INT4.)
P54,~P5; Input 4-bitX1
P6 1/0 6-bitX1 (can be used as Ty output or PWM output )
Senal I/0 8-bitX1
Timers 8-bit imerX3 (X2, when used as serial 1/0)
Subroutine nesting 64 levels (max )
Two external interrupts, three internal timer interrupts
Interrupt
(or timerX2, senal 1/0X1)
Clock generating circuit Two butlt-in circuits (externally connected ceramic or quartz crystal oscillator)
Supply voltage (Note) 2.7~5.5V R
at high-speed operation 30mW (clock frequency Xin=4.2MHz)
Power dissipation at low-speed operation 0.3mW (clock frequency Xcin=32kHz)
at stop mode 5uW (when clock 1s stopped‘)
12V (input/output P2, P3, P5,, P5; except P3;)
Input/Output voltage Vec—38V (PO, P1, P4, P5, P5,)
—0. 3V~Vc+0. 3V (input/output P3; and P6)
Input/Output charactenistics 10mA (P2, P3 N-channel open drain)
—18mA (PO, P1 high-voltage P-Channel open drain)
Output current
—12mA (P4, P5¢, P5; high-voltage P-Channel open drain)
0.5~—0.5mA (P6 CMOS tri-states)
Operating temperature range —10~70C
Device structure CMOS silicon gate process
M37421M6-XXXSP 64-pin shrink plastic molded DIP
Package
M37421M6-XXXFP 72-pin plastic molded QFP

Note : At f(X)y)=4.2MHz and f(Xcn)=32kHz, selection of internal clock ¢ is guaranteed the following supply voltage
f(Xin) =4.2MHz (¢ =2. 1MHz) : Vcc =4.5~5.5V
f(Xcin) =32kHz (¢ =16kHz) : Vec =2.7~5.5V

MITSUBISHI _
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MITSUBISHI MICROCOMPUTERS

M37421M6-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

) Input/ .
Pin Name Functions
Output

Vee, Supply voltage Power supply inputs 4.5~5.5V at f(X\y) =4.2MHz and 2.7~5.5V below f(Xcin) =32kHz to Vcg, and OV to

Vss Vss

CNVgg CNVsgs This 1s usually connected to Vss

Ve Pull-down supply Input Pull down supply for the pull-down resistor of ports PO, P1, P4, P5, and P5;

RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L” for more than 2«s (under normal Vcc
conditions)
If more time 1s needed for the 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 or a
quartz crystal oscillator is connected between the Xy and Xoyr pins If an external clock is used, the clock

XouTt Clock output Output source should be connected the Xy pin and the Xour pin should be left open

] Timing output Output This is the timing output pin $=2MHz (when Xy=4MHz)

Xcin Clock input for clock Input This 1s the 1/0 pins of the clock generating circuit for the clock function To control generating frequency,

function an external ceramic or a quartz crystal oscillator 1s connected between the X¢in and Xcouyr pins If an exter-

nal clock is used, the clock source should be connected to the Xciy pin and the Xcour pin should be left

XcouTt Clock output for Output open This clock can be used as a program controlled the system clock

clock function

P0o~PO0; | Output port PO Output Port PO I1s an 8-bit output port Output structure 1s high-voltage P-channel open drain A pull-down resistor
is built in between the Vp pin and this port At reset, this port I1s set to a “L” level

P1o~P1; | Output port P1 Output Port P1 is an 8-bit output port and has basically the same functions as port PO

P2,~P2; | 1/0 port P2 170 Port P2 is an 8-bit I/0 port with directional registers allowing each 1/0 bit to be individually programmed as
input or output At reset, this port 1s set to iInput mode The output structure 1s N-channel open drain

P3o~P3; | 1/0 port P3 170 Port P3 1s an 8-bit 1/0 port and has basically the same functions as port P2 When sernal I/0 s used, P37,
P3g, P35, and P3, work as Sppy, CLK, Sour, and Siy pins, respectively P3; works as an analog input for
comparator, and P3; works as a clock input for timer 3

P4,~P4; | Output port P4 Output Port P4 1s an 8-bit output port and has basically the same functions as port PO

P5,, P54 Output port PS Output Bit 0 and 1 of port P5 are 2-bit output port and has basically the same functions as port PO

P5,/INT,, | Input port P5 Input Bit 2 and 3 of port P5 are 2-bit input port and are in common with interrupt inputs

P53/INT,

P5,~P5; Input Bit 4~7 of port P5 are 4-bit input port

P6o~P67 | I/0 port P6 170 Port P6 is a 6-bit I/0 port with directional registers allowing each 1/0 bit to be individually programmed as
Input or output The output structure 1s CMOS tri-state output P6p, P8;, P6,, P63 can be programmed to
function as timer output pin (T) , PWM output pins (PWM1, PWM2, and PWM3), respectively

3—-32 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37421M6-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONAL DESCRIPTION
Central Processing Unit (CPU)
The M37421 microcomputers use the standard MELPS 740

instruction set. For details of instructions, refer to the.

MELPS 740 CPU core basic functions, or the MELPS 740
Software Manual.

Machine-resident instructions are as follows:

The FST and SLW instructions are not provided.

The MUL and DIV instructions are not provided.

The WIT instruction can be used

The STP instruction can be used.

MEMORY

* Special Function Register (SFR) Area

The special function register (SFR) area contains the reg-
isters relating to functions such as 1/0 ports and timers.

* RAM

RAM is used for data storage as well as a stack area.

* ROM

ROM is used for storing user programs as well as the inter-
rupt vector area.

* Interrupt Vector Area

The interrupt vector area is for storing jump destination
addresses used at reset or when an interrupt is generated.

* Zero Page

Zero page addressing mode is useful because it enables
access to this area with fewer instruction cycles.

* Special Page

Special page addressing mode is useful because it en-
ables access to this area with fewer instruction cycles.

000046
RAM
(192 bytes)
00BF,¢
Zero page
Not used
00EO,¢
0100 ’
RAM e SFR area
(128 bytes) | 017F;¢
Not used
( D000,¢
FF004¢
ROM
(12288 bytes)
Special
page for
subroutine
FFF4,q ol !
Interrupt vector area
FFFFie

Fig.1 Memory map

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37421M6-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

00EO4¢ | Port PO 00F0,¢ | PWM1-H register
00E16 ‘ 00F1,6 | PWM1-L register
00E2,¢ | Port P1 00F2,5 | PWM2 register

00E3;¢ 00F3,¢ | PWM3 register

00E4,¢ | Port P2 00F4,¢

00ES5,¢ | Port P2 directional register 00F5,¢ | PWM output mode register
00E6,¢ 1 00F6,¢ | Serial I/0 mode register
00E74¢ 00F7,¢ | Senal /0 register
00E8,¢ | Port P3 00F84¢

00ES,¢ | Port P3 directional register 00F9,¢ | Serial I/0O register 2
00EA¢ | Port P4 00FA¢ | Timer 1

00EB+6 00FB;¢ | Comparator register
00EC+¢ | Port PS 00FCy¢ | Timer 2

00EDq¢ 00FD4¢ | Timer 3

00EE,¢ | Port P6 00FE,s | Interrupt control register
00EF,¢ | Port P6 directional register 00FF,¢ | Timer control register

Fig. 2 SFR (Special Function Register) memory map




MITSUBISHI MICROCOMPUTERS

M37421M6-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

INTERRUPT

The M37421M6-XXXSP can be interrupted from seven
souces; INT,, timer 3, timer 2, timer 1/serial 1/0, or INT,/
BRK instruction.

The value of bit 2 of the serial 170 mode register (address
00F6,¢) determine whether the interrupt is from timer 1 or
from serial 1/0. When bit 2 is “0” the interrupt is from timer
1, and when bit 2 is “1” the interrupt is from serial 1/0. Also,
when the bit 2 is “1”, parts of port P3 are used for serial 1/
O. These interrupts are vectored and their priorities are
shown in Table 1. Reset is included in this table since it
has the same functions as the interrupts.

When an interrupt is accepted, the contents of certain reg-
isters are pushed into specified-locations, the interrupt dis-
able flag | is set, the program jumps to the address speci-
fied by the interrupt vector, and the interrupt request bit is
cleared automatically. The reset interrupt is the highest
priority interrupt and can never be inhibited. Except for the
reset interrupt, all interrupt are inhibited when the interrupt
disable flag | is set to “1”. All of the other interrupts can
further be controlled individually via the interrupt control
register shown in Figure 3. An interrupt is accepted when
the interrupt enable bit and the interrupt request bit are
both “1” and the interrupt disable flag is “0”.

The interrupt request bits are set when the following condi-

tions occur:

(1) When the level of pins INT; and INT, change.

(2) When the contents of timer 3, timer 2, timer 1 (or the
serial 1/0 counter) go to “0”

These request bits can be reset by the program but cannot

be set by the progream. However, the interrupt enable bit

can be set and reset by the program.

Table 1. Interrupt vector address and priority
Interrupt Priority Vector address
RESET 1 FFFFis, FFFEqg

INT, 2 FFFD+e, FFFCyg
Timer 3 3 FFFBie, FFFAg
Timer 2 4 FFF9,6, FFF8,¢

Timer 1 or senal /0 5 FFF7.6, FFF64¢
INT,(BRK) 6 FFF5,6, FFF4,¢
0

Ll 11 1]

‘ l ] Interrupt control register (Address 00FEqg)

Bit7 INT, pin interrupt request bit
Bit6: INT, pin interrupt enable bit
Bit5' Timer 2 interrupt request bit
Bit 4: Timer 2 interrupt enable bit

Bit3 Timer 1 interrupt or serial input/output interrupt

request bit

Bit2 Timer 1 interrupt or senal input/output interrupt

enable bit

7

Bit1 INT; pin interrupt request bit

Bit0 INT, pin interrupt enable bit
0

rj I I [ [ I ] lTlmercontro| register (Address 00FFs)

Rall

Interrupt disable flag |

Interrupt request

Reset

Bit7 Timer 3 interrupt request bit

Bit 6: Timer 3 interrupt enable bit

Bit5" Timer 2 count stop bit

Bit4 Timer 3 count source selection bit
Bit3 Timer 2 count source selection bit
Bit2 Timer 1 count source selection bit
Bit1

} Processor mode bits
Bit0

Fig.3 Interrupt control
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MITSUBISHI MICROCOMPUTERS

M37421M6-XXXSP/FP

The change in level at which the INT pins generate a inter-
rupt varies according to the content of bits 4 and 5 of the
PWM output mode register (address 00F5,5). When these
bits are “0”, the interrupt request is generated when INT
changes from high-level to low-level. When these bits are
“1”, the interrupt request is generated when INT changes
from low-level to high-level. Bits 4 (PM,) and 5 (PMs) cor-
respond to INT; and INT, respectively.

Since the BRK instruction and the INT, interrupt have the
same vectored address, the contents of the B flag must be
checked to determine if the BRK instruction caused the in-
terrupt or if INT, generated the interrupt.

TIMER

The M37421M6-XXXSP has three timers; timer 1, timer 2,
and timer 3. Since P3 (in serial /0 mode) and timer 1 use
some of the same architecture, they cannot be used at the
same time (see serial 1/0 section). The count source for
each timer can be selected by using bit 2, 3 and 4 of the
timer control register (address 00FF,¢), as shown in Figure
5. ,

A block diagram of timer 1 through 3 is shown in Figure 4.
All of the timers are down count timers and have 8-bit
latchs. When a timer counter reaches “0”, the contents of
the reload latch are loaded into the timer at the next clock
pulse. The division ratio of the timers is 1/(n+1), where n
is the contents of the timer latch.

The timer interrupt request bit is set to at the next
clock pulse after the timer reaches zero. The interrupt and
timer control registers are located at addresses 00FE;¢ and
00FF,¢, respectively (see Interrupt section) . The starting/
stopping of timer 2 can be controlled by bit 5 of the timer
control register. If bit 5 (address 00FFs) is “0”, the timer
starts counting and when bit 5 is “1”, the timer stops. The
count source of timer 3 can be controlled by bit 4 of the
timer control register. If bit 4 (address 00FF¢) is “1”, the
timer counts from the P3,/CNTR pin.

When the STP instruction is executed, or after reset, the
timer 2 and timer 3 latch are set to FF¢ and 074, respec-
tivery.

After a STP instruction is executed, timer 2, timer 3, and the
clock (¢ divided by 4) are connected in series (regardless
of the status of bit 2 through 4 of the timer control register).
This state is canceled if the timer 3 interrupt request bit is
set to “1”, or if the system is reset. Before the STP instruc-
tion is executed, bit 5 of the timer control register (timer 2
count stop bit) and bit 4 of the interrupt control register
(timer 2 interrupt enable bit) must be set to “0”. For more
details on the STP instruction, refer to the oscillation circuit
section.

u1n

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

7

I l l Timer control register (Address 00FF;s)

0

L]— Processor mode bits

00 : Single-chip mode
01 :

10 ¢ }not used

11

Timer 1 count source selection bit
0 :1/8 timing ¢
1 : Timer 3 overflow signal

L Timer2 count source selection bit
0 :1/8 timing ¢
1 Clock for'the clock function(Xgn)

Timer 3 count source selection bit
0 : Timer 2 overflow signal
1 : Clock nput for imer (CNTR)

Timer 2 count stop bit
0 : Count start
1 . Count stop

Timer 3 interrupt enable bit
0 : Interrupt disable
1 : Interrupt enable

Timer 3 interrupt request bit
0 : No interrupt request
1 ! Interrupt request

Fig.4 Structure of timer control register

- MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37421M6-XXXSP/FP

SINGLE-CHIP 8-BIT CM0OS MICROCOMPUTER

Data bus
f_,a_
. Reset
Xein O Timer 2 latch (8) -
STP instruction
TEr—
FFis
[} 1/8 Timer 2(8) to timer 2 interrupt request bit
™, (Address 00FCs)
T™s
L8
Internal clock
(Normally 1/2 X,x)
8
( 7
Timer 3 latch (8)
P3,/CNTR 8 & ' 0746
O—-D_ Timer 3(8) to timer 3 interrupt request bit
™, (Address 00FD;s)
.8
7
‘ 8
Timer 1 latch (8)
8
{ SM,
Timer 1(8) O to time; 1b<:r senal 1/0 interrupt
(Address 00FA,s) request bi
T™M,
W
7
P6, latch
1/2
P6o/T
O ;j‘ SM,, SMo
¢ 00, 01 : External clock
CLK Alo 11/2timer1,11:1/8 ¢
P3¢
Sync circuit p—
Serial input/output
counter (3)
SM, SM,
Sour
P35
SM; TM ! Timer control register (Address 00FF,s)
P3, C Sin MSB | Serial input/output SM  : Senal I/0 mode register (Address 00F6,5)
register (8) LsB PM - PWM output mode register (Address 00F5,5)
SM3 Selection gate : Connected to black
Srov 8 colored side at reset
P3;

Fig.5 Block diagram of timer 1, timer 2, timer 3

KN
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MITSUBISHI MICROCOMPUTERS

M37421M6-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

SERIAL 1O

A block diagram of the serial 1/0 is shown in Figure 6.

In the serial I/0 mode the receive ready signal (Sgpy), syn-
chronous input /output clock (CLK), and the serial I/0O pins
(Sout, Sin) are used as P3;, P3g, P35, and P3,, respectively.
The serial 1/0 mode register (address 00F6¢) is 8-bit reg-
ister. Bits 1 and 0 of this register is used to select a syn-
chronous clock source.

When these bits are (00) or (01), an external clock from
P3; is selected. When these bits are (10], the overflow sig-
nal from timer 1, divided by two, becomes the synchronous
clock. Therefore, changing the timer period will change the
transfer speed. When the bits are (11), timing ¢ divided by
4, becomes the clock.

Bit 2 and 3 decide whether parts of P3 will be used as a
serial 1/0 or not. When bit 2 is a “1”, P35 becomes an 1/0
pin of the synchronous clock. When an internal synchronous
clock is selected, the clock is output from P3g. If an exter-
nal synchronous clock is selected, the clock is input to P3g
and P35 will be a serial output and P3, will be a serial in-
put. To use P3, as a serial input, set the directional register
bit which corresponds to P3, to “0”. For more information on
the directional register, refer to the 1/0 pin section.

To use the serial 1/0, bit 2 needs to be set to “1”, if it is “0”
P3¢ will function as a normal 1/0. Interrupts will be gener-
ated from the serial 1/0 counter instead of timer. 1. Bit 3
determines if P3; is used as an output pin for the receive
data ready signal (bit 3=1, Sgpy) or used as normal 1/0 pin

Timing Divider

S nsm)

Divider

Sroy from 1/8 timing ¢
P37O_—_—<Fl W or timer 3

Timer 1(8)

(Address 00FAg)
to timer 1 or

1/2

serial 1/0
interrupt request bit

»—I Senial I/0 counter (37'1-

P36G CLK

Transmission clock

Pa, O Sour

/
4

P3, Q Sin

‘{MSB Serial 1/0 register (8) LsB I—-—| Serial 1/0 register 2 I——}

(Address 00F75) ﬁ

[ Data bus

]

L

Serial 170 mode register (Address 00F6,)

L— Srov signal output selection bit (P3;)

lower 4 bits

Sync clock selection bit
00
01
10 : 1/2timer 1 frequency
111 1/8 timing ¢

'} External clock

Serial I/0 port selection bit (P3s, P3)
0 : Parallel port '

1 1 Senal input/output port

0 : Parallel port
1 Sgoy signal output pin

Fig.6 Block diagram of serial /0
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MITSUBISHI MICROCOMPUTERS

M37421M6-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(bit 3=0). The serial I/0 function is discussed below. The
function of the serial I/0 differs depending on the clock
source; external clock or internal clock.

Internal clock—The Sgpy signal becomes “H” during trans-
mission or while dummy data is stored in the serial I/0 reg-
ister (address 00F7.¢) . After the falling edge of the write
signal, the Sppy signal becomes low signaling that the
M37421M6-XXXSP is ready to receive the external serial
data. When “H” level is input to CLK pin and the dummy
data is written to serial 1/0 register 2, the output of Sgoyr
becomes “H” before/after the data transmission. The Sgpy
signal goes “H” at the next falling edge of the transfer
clock. The serial I/0 counter is set to 7 when data is stored
in the serial 1/0 register. At each falling edge of the trans-
fer clock, serial data is output to P3s. During the rising

edge of this clock, data can be input from P34 and the data
in the serial 1/0 register will be shifted 1 bit.

Data is output starting with the LSB. After the transfer clock
has counted 8 times, the serial 1/0 register will be empty
and the transfer clock will remain at a high level. At this
time the interrupt request bit will be set.

External clock—If an external clock is used, the interrupt
request will 'be sent after the transfer clock has counted 8
times but transfer clock will not stop.

Due to this reason, the external clock must be controlled
from the outside. The external clock should not exceed
250kHz at a duty cycle of 50% . The timing diagram is
shown in Figure 7. An example of communication between
two M37421M6-XXXSPs is shown in Figure 8.

Sync clock

Transmission clock

Serial 1/0 register rl (

gigigigiigigiigipgigipigipigin
HpEgEyi e —

Write signal

\ :
i i

Serial 1/0 output
output Soyur

Serial /0 input

input Sy

\
D, & 0. X b,
| D G0 G & & & §

: b, Y 0. X 0 X0 X D;7

Receivable signal

Srov I—J

—eemfeeea]-

Interrupt request bit set

Fig.7 Serial 1/0 timing

Sending side Receiving side
Serial 1/0 mode register Srov Serial 1/0 mode register
P3; P3;
Bit3 Bit0
BRI
Sync clock
P3g P3g
The direction register for pin P3; The direction register for pin P3,
should be set to input mode. should be set to input mode
Senal data
P35 P3,

Fig.8 Example of serial I/0 connection

2l TyEH
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PWM OUTPUT CIRCUIT

1)

Introduction .

The M37421M6-XXXSP is equipped with one 14-bit
PWM and two 6-bit PWMs. The 14-bit resolution gives
PWM?1 the minimum resolution bit width of 500ns (for
Xin=4MHz) and a repeat period of 8192xs. PWM2 and
PWMS3 have the same circuit configuration. PWM2 and
PWMBS have a 6-bit resolution with minimum resolution
bit width of 16us and repeat period of 1024us. The
accuracy and operation guarantee range is Vcc = 4.5
~5.5V regardless of the input frequency.

Block diagram of the PWM is shown in Figure 9.

The PWM timing generator section applies individual
control signals to PWM 1~ 3, using clock input X,y di-
vided by 2 as a reference signal.

Data setting

The output pins PWM1, PWM2 and PWM3 are in com-
mon with pins P6,, P6, and P63 of port P6 (i.e. for PWM
output, PM1~PM3 of the PWM control register and the
P6 directional register D6, ~ D63 should be set). When
PWM?1 is used for output, first set the higher 8-bit of
the PWM1-H register (address 00F0;¢), then the lower
6-bit of the PWM1-L register (address 00F1,5). When
either PWM2 or PWM3 is used for output, set the 6-bit
in the PWM2 (address 00F2,;) or PWM3 (address
00F31§) register, respectively. Note that the higher 2
bits of these 8-bit registers are ignored when used 6-
bit register.

Transferring data from registers to latches

The data written to the PWM registers is transferred to
the PWM latches at the repetition of the PWM period.
The signals output to the PWM pins correspond to the
contents of these latches. When data at addresses
00F0,6 ~ O0F34¢ is read, data in these latches has
already been read allowing the data output by the

There are six different pulse types configured from bits
0~ 5 representing the significance of each bit. These
are output within one period in the circuit internal sec-
tion. Refer to Figure 10(a).

Six different pulses can be output from the PWM.
These can be selected by bits 0 through 5. Depending
on the content of the 6-bit PWM latch, pulses from 5~0
is selected. The. PWM output is the difference of the
sum of each of these pulses. Several examples are
shown in Figure 10(b). Changes in the contents of the
PWM latch allows the selection of 64 lengths of high-
level area outputs varying from 0/64 to 63/64. An
length of entirely high-level output cannot be output,
i.e. 64/64.

14-bit PWM operation

The timing diagram of the 14-bit PWM1 is shown in Fi-
gure 11. The 14-bit PWM divides the data within the
PWM latch into the lower 6 bits and higher 8 bits.

A high-level area within a length N times 7 is output ev-
ery short area of t=256X 7 =128us as determined by
data N of the higher 8 bits. (Refer to PWM output @ in
the lower part of Figure 11.)

Thus, the time for the high-level area is equal to the
time set by the lower 8 bits or that plus 7 . As a result,
the short-area period t(=128us, approx. 7.8kHz) be-
comes an approximately repetitive period.

Output after reset

At reset the output of port P6 is in the high impedance
state and the contents of the PWM register and latch
are undefined. Note that after setting the PWM regis-
ter, its data is transferred to the latch.

Table 2. Relation between the 6 lower-order bits

of data and the space set by the ADD bit

PWM to be confirmed. When the 6-bit latch is being 6 lower-order bits of data |  Area longer by 7 than that of other ty(m = 0 ~63)

read, the upper 2 bits of the register becomes unde- 000007 |Nothing

fined. However, bit 7 of the PWM1-L register indicated 000001 m=32

the completion of the data transfer from the PWM1 reg- 000010 |m=I648

ister to the PWM1 latch. If bit 7 is “0”, the transfer has 000100 |m=8,2440,5

been completed, if bit 7 is “1”, the transfer has not yet 001000 |m=4,1220,28 36, 44,52 60

begun. 010000 m=2, 6,10, 14,18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62
(4) Operation of the 6-bit PWMs 100000 Jm=1,8,8,7, s 57, 59,61, 63

The timing diagram of the two 6-bit PWMs (PWM2 and
PWM3) is shown in Figure 10. One period (T) is com-
posed of 64 (2°) segments.
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PWMI-L (Address 00F1,s) )
- Selection gate connected to black
Register colored side when
Set to l)* reset
PWM1-H <when write Ibit7“bll5| L ] E‘O—I Pass gate
(Address 00F0,¢) L —
reosefu] T T | T 1 [] 5@1
PWMT1 latch (14-bit)
bed [ 1 [ [T 111111
A\ N\ %
e—f—j
8 14 6 P6, D6,
A J
7 j
P6,/PWMI1
PWM1
14-bit PWM circuit
PM1
xIN 1
(4MHz)
P6, D6
(8192us period) . 2 z
12 Timing generator|
for PWM
(2MHz) (102445 period)
PMO
P6,/PWM2
PWM2 ]—Q
PM2 1
6-bit PWM circuit 6-bit PWM circuit PWM3
PM3 j P6;/PWM3
16 PWM2 latch PWM3 latch
(6 bit) (6-bit)
ed [ [ [ Ls bsdl [ | [ lss]
PWM2 .
(Address 00F2,¢)
| l t0 bits bitd
register bié T I JbL] I l ] I l ] T
3 3
PWM3
3 .
- register (Address 00F3,6) PM 1 PWM output mode register (Address 00F5,¢)
D6 : Port P6 directional register (Address 00EF )
L P6 : Port P6 register (Address 00EE )
data bus

Fig.9 Bloock diagram of the PWM circuit
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012345678 12 16 20 24 28 32 36 40 44 48 52 56 60 63
Bnﬂ||||||||“|||||||”||||”|||||||H||||||||||||||||||||||||“|||L

se L N AN N NN NN nnne
s | ] L N N I'I M M M
Bit2 I JL 1 L
Bin 1] N

n

(a) Pulses showing the weight of each bit

Contents
1of the latch

When 004¢ -

When 014¢ n

When 1846 I””I ”I”l l”l” H”H ””” ““Il “Il” ”””
(24) T L
wnenzs | LT LML LU LALU L LU L L

(40)

When BB|6—U
o nl U U L
-
When 3F 5 L]
(63) t —
—>1—J<~
T = 64t
When output is lower 6 bits of PWM1 t=128us T=8192us
When output is PWM2 and PWM3 t= 16us T=1024us

When f(X,n) =4MHz

(b) Example of 6-bit PWM output

Fig.10 6-bit PWM timing diagram
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Data in address 00F0;¢ i1s # 7B¢

(When H 6A,6,

L 18,e) 6815

Data in address 00F0;¢ 1S # 6Aqg
PWM1-H
register 591 I 4 A6 l\ 7B1s
+
Data in address 00F04¢ 1s # 246 Bit 7 reset after transfer Data I1s address 00F 1,5 1s # 3546
PWMI1-L |/ T
register 1316 ﬂ Adyg ! 24,4 ]‘\ | 351
\ I Regster to latch tranter B5,,~ | Register to latch tranfer
PWM1 latch
(14 bit) [1653,6 | X 1493, N 1AAd, 1and,, ] S TEE4:s N 1EF5:6
A When bit 7 of PWM1-L is “0" register
T =8192us =]  tolatch transfer will not occur
(64X 1285 |
. —_
__— — t=128us .
(Example 1) 6A |6B GA 6B 6A 6B 6A 6B 6A 6B
PWM1 output
0]
lower 6 bits
output
(When H 6A,
L 24,5) 6B6 36 times 6A6 28 — = 106X64+36
(107) (106) times
(Example 2)
PWM1 output
lower 6 bits
output
3 4

24 times

6As  40tmes | |5 106X64+24

poe—

T =128 T —
— (2560, 5us) i
Minimum bit resolution width | r =0, 545
-}
7 7 T T T 1 T T T T T T T T
PWM! output 6BJ6A1 69,6867 — 10201 6A 169 68167 — ;Oz;ml
@ ADD ADD
8-bit counter } : | i H j ; : K i Y | i I 0 \ | H H H
- . _ |
02l 011 00 FF"FEAIFDlFCl ! QHQGj 95l LOQLOILOO FF‘LFELFD:FCL — Lgl% 195! —
High/low-level of the ADD |  High-level area output, the length
section is determined by of which 1s specified PWM-H
the data contained in —
the 1o 6 bit -
wero bl 256 © (128s) standard
Fig.11 14-bit PWM timing diagram

3—337

P




MITSUBISHI MICROCOMPUTERS

M37421M6-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

7

0

| l l l PWM output mode register

(Address 00F5,¢)
PWM1, PWM2, PWM3 count source
selection bit

0 : Supply

1 : Stop

—— P6,/PWM, output selection bit
0 : Parallel port
1 . PWM; output
P6,/PWM; output selection bit
0 : Parallel port
1. PWM; output

P63/PWM; output selection bit
0 : Parallel port
1 . PWM; output

INT, input reverse bit
0 : INT (leading-edge interrupt
request)
1 1 INT (tralling-edge interrupt
request)
INT, input reverse bit
0 : INT (leading-edge interrupt
request)
1 ! INT (tralling-edge interrupt
request)
P6o/T, output selection decision bit
(reading only)
0 : Parallel port
1! Output is 1/2 that of timer 1

7 0
[ | Sernial I/0 mode register

(Address 00F6,¢)

Sync clock selection bit
00/01 © External clock
10 : 1/2timer1
11 : 1/8 internal clock ¢
1/16 of the X,y oscillation frequency
during normal operation
1/16 of the Xc oscillation frequency
during low speed operation
Serial I/0 port selection bit (P3,, P3;)
0 : Parallel port
1 : Serial 1/0 port
Sroy signal output selection bit (P3;)
0 : Parallel port
1 % Sgopy signal output pin

P6o/T output selection bit
0 : Parallel port
1 : Output is 1/2 timer 1

P6o/T output function selection bit
0 : Sync mode
(EAROM clock input signal generation)
1 Asynchronous mode

Clock (Xiy—Xour) stop bit
0 : Oscillate
1 Stop

Internal sy clock generation selection
0 : X;nv—Xour selection (normal mode)

1! Xein—Xcour selection
(low-speed mode)

Fig.12 Structure of PWM output mode register

Fig.13 Structure of serial I/0 mode register
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PORT P6y/TIMER 1 OUTPUT

Bit 0 of port P6 outputs 1/2 the frequency of timer 1 when
00F6,6 bit 4 of the serial 1/O mode register (address
00F6,¢) is changed. The output switching can be accom-
plished with either of two procedures, synchronous mode or
asynchronous mode, depending on the setting of bit 5
(SMs) of the serial 70 mode register.

When SMs is set to “0” the synchronous mode is set. In
such a case, after SM, has been changed, synchronization
is set to the 1/2 frequency of timer 1 and switching be-
tween the port latch and timer takes place. It is possible to
ascertain whether switching actually occurred by reading
the value of bit 6 (PMg) of the PWM output mode register.

From the time that the contents of SM, was changed to the
point where switching completes, the contents of neither
SM,; nor P6, may be changed. Use of the synchronous
mode prevents the generation of a pulse shorter than the
timer output during swiching. Figure 14 (a) gives an exam-
ple of timing in the synchronous mode. Use of the synchro-
nous mode allows generation of an EAROM clock input sig-
nal through the use of a simple program.

When SM;s is set to “1”, the asynchronous mode is set. In
this case, the output switching occurs directly after SM, has
been changed. Figure 14 (b) gives an example of timing in
the asynchronous mode.

DA I I A I

P6o/T output

I
|
R/W I I |
i
1 |
SMq |
|

| | l ‘ I
Tl !
|
|

1720t T1 l ! I
{(Note 1)
- |
Latch output \L Timer output

|
|
P6, latch :
|
|
|
|

(a) Synchronous mode (SMs=0)

SM,

|
|
1/20fT1 | [
[}
I

PMs ____J

|
Latch output\l/

Timer output

|
|
P6, latch :
|

P6,/T output I

Note 1 :

signal when the value of the P6; latch 1s “1”

(b)  Asynchronous mode (SMs=1)
Output switching occurs at the trailing edge of timer 1 divided signal when

the value of the P6 latch 1s “0” and at the leading edge of timer 1 divided

Fig.14 P6,/T switching timing diagram
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COMPARATOR CIRCUIT

Table 3. Relationship between the contents of

The comparator circuit is shown in Figure 15. The compara-

comparator register and internal voltage

tor circuit consists of the switch tree, ladder resistor, com- Comparator register
- Internal analog voltage

parator, comparator control circuit, comparator register bit3 | bit2 | bit1 | bit0
(address 00FB;¢), and analog signal input pin (P33/ANy). 0 0 0 1 1/16Voc—1/32Vec
The analog input pin is common with the digital input/out- 0 0 1 0 2/16Voe—1/32Vec
put terminal to the data bus. 0 0 1 1 3/16Voc—1/32Vee
The 5-bit comparator register can generate 1/16V¢c-step g : g ? ;;:zzz::gz\\iz
internal analog voltage, based on the settings of bits 0 to 3.

0 1 1 0 6/16Vcc—1/32Vec
Table 3 gives the relation between the descriptions of com- 0 1 1 1 7/16Voo—1/32Voo
parator register bits 0 to 3 and the generated internal ano- ] 0 0 0 8/16Veo—1/32Vec
log voltage. The comparator result of the analog input vol- 1 0 0 1 9/16Vec—1/32Vee
tage and the internal analog voltage is stored in the compa- 1 0 1 0 10/16Vee—1/32Vee
rator register, bit 4. 1 0 1 1 11/16Vec—1/32Vcc
The data is compared by setting the directional register 1 1 0 0 12/16Vec—1/32Vec
corresponding to board P3; to “0” (board P3; enters the in- 1 1 0 1 13/16Voc—1/32Vec
put mode), to allow board P33/AN,y to be used as the ana- 1 1 L 0 14/16Voo—1/32Vec
log input pin. The digital value corresponding to the internal ! ! ! ! 15/16Vee—1/32Vee
analog voltage to be compared is then written in the com-
parision register (address 00FB,¢), bits 0 to 3. The voltage
comparision starts as soon as the writing is completed. 4-
cycle (required for comparating) later, the result of com-
parision is stored in the comparator register, bit 4. Bit 4 is
“1” when analog input voltage > internal analog voltage
and “0” when analog input voltage < internal analog vol-
tage.
When voltage is compared to by setting bits 0 to 3 of the
comparator register “0”, bit 4 of the comparator register be-
comes “1” regardless of the analog input voltage.

' Data bus §
(Address 00E8;s) 83;?:;;0, .
result .
Comparator control Comparator register
Sircuit (Address 00FB;)
P33
Analog 1nput  oomoarator Bit4| Bit3| Bit2 | Bit1] BitO
voltage

;\W—)

|
L

Internal analog voltage

Switch tree

|

|

Ladder resistor

O

Vss Vee
Fig.15 Comparator Circuit
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RESET CIRCUIT

For the reset sequence of the M37421M6-XXXSP, one of
the two modes can be selected by mask option: the normal
operation start mode which executes reset by normal op-
eration (f (X,y) = 4.2MHz) and the low-speed operation
start mode which executes reset by low-speed operation (f(Xgin)
= 32 kHz).

In the normal operation start mode, the supply voltage is
4.5~5.5 V and when the RESET pin is held at “L” for 2 us
or more and returned to “H”, reset is cleared according to
the sequence shown in Figure 18. Both Xy clock and Xcin
clock start oscillating. To generate the time of waiting for
stabilization of X,y clock oscillation, timer 2 and timer 3 are
connected and the resulting signal divided by 16 is counted
2048 times to clear the internal reset state. Then, the prog-
ram starts from the address with the contents of address
FFFF,s being the higher address and the contents of
address FFFE;g being the lower address. .

In the low-speed operation start mode, the supply voltage
is 27~5.5 V and when the RESET pin is held at “L” for

2us or more and returned to “H”, reset is cleared accord-
ing to the sequence shown in Figure 19. At this time, Xy
clock does not start oscillating. To generate the time of
waiting for stabilization of X¢y clock oscillation, timer 2 and
timer 3 are connected and Xgn is counted 2048 times to
clear the internal reset state. Then, the program starts from
the address with the contents of address FFFF,s being the
higher address and the contents of address FFFE¢ being
the lower address. If Xgn clock is stable, the wait time is
about 62.5ms (f(Xgn) = 32.768 kHz) . However, im-
mediately after power-on, the time required to start oscilla-
tion depends on the characteristic of the oscillator.

The internal initializations following reset are shown in Fi-
gure 16. An example of the reset circuit is shown in Figure
17. The reset input voltage must be kept below 0.6V until
the supply voltage surpasses 4.5V at the normal operation
start mode, and below 0.5V until the supply voltage surpas-
ses 2.7V at the low-speed operation start mode. When
selecting the ¢ output to stop, the output of ¢ pin becomes
“H” level from “L” level at internal reset clear.

address
(1) Port PO register (P0) (EOy6)
(2) Port P1 register (P1)  (E24)

(3) Port P2 directional register (D2) (E56)
(4) Port P3 directional register (D3) (E96)
(5) Port P4 register (P4) (EAss)

(6) Port P5 register (P5) (ECqe)

0046
o[o]o[o[o]o)
o]o]o]ofo]o]

1/1/0/0{0|0/0/0

(7) Port P6 directional register (D6) (EFyg)

(8) PWM output mode register (PM) (E546)

(9) Serial 1/0 mode register  (SM) (E646)

2
I3
3
=
o
°
@
g
E
&
&
=3
3
2
@

L/ Power on

M37421M6-XXXSP|

— (Note 1)
RESET Vee ov
27 1

; OV et (Note 2)

Note 1: Reset voltage
normal operation start mode Vgc = 4 5V
low-speed operation start mode Vgc = 27V
2. Reset input voltage
normal operation start mode 0 6V
low-speed operation start mode 0 5V

low-speed operation start mode

(10 Comparator register (CR) (FBye) ....nnnn
) Timer 2 (T2)  (FGye)
(2 Timer 3 (T3) (FDy)
(19 Interrupt control register (IM)  (FEqe)
(14 Timer control register (TM)  (FFyg)
(19 Processor status register (PS) ED:E[E:D
(only the interrupt disable flag
is set)
(16) Program counter (PCw)

Since the contens of both registers other than those listed above
(including timer 1 and the serial 1/0 registers) and the RAM are unde-
fined at reset, it 1s necessary to set intial values

M37421M6-XXXSP)

RESET Vee
27| 1

Supply voltage
detection circuit

Fig. 16 Internal state of microcomputer at reset

Fig.17 Example of reset circuit

KR
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= e
|\ Time until oscillation starts 'Wait time for oscillation stability,
Xcour i

(32kHz) H

Time until oscillation starts

o)

Internal
reset

System
clock

address

data

S — - |

SYNC

S U I Iy

0. 5,u§

os X o1s1 X o1s2 X e X reee X AD, X

Fig.18 Reset sequence at normal operation start mode

Oscillation stops

Xcour

Sl

T R
Time until oscillation starts Wait time for oscillation stability

Internal
reset

|

|

System |

clock |
Address

Data ‘

SYNC

‘ )ULS X s X g2 X Free Xreee X X
|
| — L

Fig.19 Reset sequence at low-speed operation start mode
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/0 PORTS

)

Port PO

Port PO is an 8-bit output port with high-breakdown vol-
tage P-channel open drain outputs featuring a break-
down voltage of Vcc-38V. Each pin contains a pull-
down resistor making Vp a negative power source. As
shown in the memory map in Figure 1, port PO is used
on the zero page at address 00EQ,¢ in memory.

Port P1

Port P1 has the same functions as port PO.

Port P2

Port P2 is an 8-bit 170 port with N-channel open drain
outputs. As shown in Figure 1, port P2 is used at
address 00E4,¢ in the memory.

Port P2 has a data direction register (address 00E5;¢
on zero page) and programming can be undertaken for
an individual bit to use the port for input or output. The
pins where the data direction register is programmed
to “1” are for output and those where the register is
programmed to “0” are for input.

The data written into the pin programmed as an output
pin are written into the port latch and supplied directly
to the output pin. When reading the data from a pin
programmed_as an output pin, it is not the output pin
contents which are read but the port latch contents.
Consequently, since an LED or other similar part is

(6)

Port P5

Bits 0 and 1 of port P5 have the same functions as port
P4.

Bits 2 and 3 are exclusively used as inputs for mutual
use as interrupt inputs. These pins feature hysteresis
characteristics. These pins can also be used for fetch-
ing inputs even when being used as interrupt inputs.
The interrupt request bits (bit 7 and 1 of address
00FE;¢ = INT; and INT,, respectively) are set to “1”
when the inputs of ports P5; (INT;) and P5, (INT,)
change. Depending on the contents of bits 4 and 5 of
the PWM output mode register PM (address 00F5;¢),
either a raising-edge interrupt or a falling-edge inter-
rupt may be selected as the interrupt source. (Refer to
Figure 12.)

Since interrupt input and normal input ports are used
together in the M37421M6-XXXSP, unwanted noise
may mistakenly cause interrupts. This problem can be
overcome by programming.

When changing either bit 4 (PM,) or bit 5 (PMs) of the
PWM output mode register, it is necessary for the in-
terrupt request enable bit (either bit 6 or 0 of address
00FE.s) to be set to the interrupt disable condition
(*“0”). If this is not done, an interrupt will be generated
when either PM, or PMs is changed.

Bits 4 through 7 of port P5 is a 4-bit input port.

driven directly, the value output previously can be read (7) Port P6

correctly even if the low-level output voltage goes high. Port P6 is a 6-bit I/0 port having the same functions as

The pin programmed as an input pin remains floating, Port P2. The output is CMOS three-state. Bit 0 is used

so external signals can be read. When data is written, in common with the timer output. Bits 1~3 are used in

it is written into the port latch only and the pin remains common with PWMs 1~3.

floating. A block diagram of ports PO through P6 are shown in
(4) Port P3 Figure 19.

Apart from the fact that part of the pins are also used ~ (8) Clock ¢ output pin

as serial input/output pins, analog input pin and timer 3 The clock frequency, divided by two, is output (Xin) .

clock input pin, its functions are the same as those of However, in the low-speed mode 1/2 the clock fre-

port P2. quency for timer (Xcn) is output. RESEToyr signal can
(5) Port P4 be output by option.

Port P4 has the same functions as port P0.
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* High voltage P-channel open drain

Data bus —-——‘r———DO——-’ (with pull-down resistors)

Port latch
~N

Ports PO, P1, P4, P5,, P5,

EHI

e T 1 Only P3; has analog input

]
: N-ch open drain output
|

Directional register| |

Port latch

<

.|

J——O
il

Data bus Ports P2, P3

Note '@ P3may also be used as a serial
input/output pin

CMOS Tri-state output
Directional register D)_L\ —

Data bus —— Port latch
Port 6
< Note @ Bits0~3 may also be used as timer

outputs and PWM output pins

Y,
Schmitt input
Data bus
INT Ports P5;, P53
PWM mode register
Input

CMOS output
Data bus ‘4——0
Ports P54~P5; :

* High voltage P-channel transistor

Fig.20 Block diagram of port PO~P6 (single-chip mode) and output format of ¢
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CLOCK GENERATING CIRCUIT

The M37421M6-XXXSP has two internal clock generating
circuits. Figure 23 shows a block diagram of the clock
generating circuits. The internal ¢ after reset can be
selected by option, the normal operation start mode and the
low-speed operation start mode.

The frequency applied to the Xy pin divided by two is used
as the internal clock at the normal operation start mode.
The frequency applied to the Xcy pin divided by two is
used as the internal clock at low-speed operation mode.
Both X,y and X¢gn clocks start oscillation after reset at nor-
mal operation start mode. Bit 7 of serial /O mode register
(SM;) can be used to switch the internal clock ¢ to 1/2 the
frequency applied to the Xc;v pin. When using X¢ny clock
pin is connected to Vss and leave the Xoyr pin open.

Only Xcin clock starts oscillation after reset at low-speed
operation start mode and starts by low-speed operation. Bit
6 of the serial I/0 mode register (SMg) must be set to “0”
then bit 7 (SM;) must be set to “0” to switch ¢ to the nor-
mal operation mode. However, the wait time until the
oscillation stabilizes must be generated with a program at
this case.

Figure 21 shows a circuit example using a ceramic (or
crystal) oscillator. Use the manufacturer's recommended
values for constants such as capacitance which will differ
depending on each oscillator. When using an external clock
signal, input from the X (Xgin) pin and leave the Xour
(Xcout) pin open. A circuit example is shown in Figure 22.
The M37421M6-XXXSP has two low power dissipation mod-
es; stop and wait. The microcomputer enters a stop mode
when the STP instruction is executed. The oscillator (both
Xin clock and Xgn clock) stops with the internal clock ¢
held at “H” level. In this case timer 2 and timer 3 are forc-
ibly connected and ¢/4 is selected as timer 2 input. When
restarting oscillation, FF,g is automatically set in timer 2 and
074¢ in timer 3 in order to enable the oscillator to stabilize.
Before executing the STP instruction, the timer 2 count stop
bit must be set to supply (“0”), timer 2 interrupt enable bit
and timer 3 interrupt enable bit must be set to disable (“0”),
and timer 3 interrupt request bit must be set to no request
(“0”).

Oscillation is restarted (release the stop mode) when INTy,
INT,, or serial 1/O interrupt is received. The interrupt en-
able bit of the interrupt used to release the stop mode must
be set to “1”. When restarting oscillation with an interrupt,
the internal clock ¢is held “H” until timer 3 overflows and
is not supplied to the CPU. When oscillation is restarted by
reset, “L” level must be kept to the RESET pin until the
oscillation stabilizes because no wait time is generated.
The microcomputer enters a wait mode when the WIT in-
struction is executed. The internal clock ¢ stops at “H”
level, but the oscillator does not stop. ¢ is re-supplied (wait
mode release) when the microcomputer is reset or when it
recieves an interrupt.

Instructions can be executed immediately because the
oscillator is not stopped. The interrupt enable bit of the in-
terrupt used to reset the wait mode must be set to “1” be-
fore executing the WIT instruction.

Low power dissipation operation is also achieved when the
Xin clock is stopped and the internal clock ¢ is generated
from the Xgn clock (200xA or less at f(Xgin) =32kHz). Xy
clock oscillation is stopped when the bit 6 of serial 170
mode register (address 00F6,¢) is set and restarted when
it is cleared. However, the wait time until the oscillation sta-
bilizes must be generated with a program when restarting.
An “L” level must be kept to the RESET pin unit the oscilla-
tion stabilizes when resetting while the X,y clock is stop-
ped. Figure 24 shows the transition of states for the system
clock.

M37421M6-XXXSP

Xin  Xout Xcin  Xcout
28 29 30 3
MQ Rf Rd

0 Il
’;_Cm ;;_Cour ,;_Ccm 717;_Ccour

Fig.21 Example ceramic resonator circuit

M37421M6-XXXSP

Xin  Xcour  Xcin Xcout

N280pen29 30} Open 31
External oscillating External oscillating circuit
circuit or external pulse

Vss Vss

Fig.22 Example clock input circuit
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Xein Xcour

XlN XOUT
TMs
1/2 18 »é—&— Timer2 }—| Timer3
Internal system Timer 2 count source
ntern selection TM
Syst?m ‘g?c k clock source 3
stop bi selection SM;
|— sm,
— sm, Timing ¢
(internal clock)
~—a s s aQ a s
Reset
R STP wIT. —R R b— STP instruction
instruction | instruction

Reset

[O—— Interrupt disable flag | |— INT, interrupt enable

|~ INT, interrupt request

|— Timer 3 interrupt enable

|— Timer 3 interrupt request

— Timer 2 interrupt enable

r— Timer 2 interrupt request

[— Timer 1 interrupt enable

|— Timer 1 interrupt request
(or serial 1/0)

[— INT, interrupt enable
|— INT; interrupt request

Fig.23 Block diagram of clock denerating circuit
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Normal operation start mode (Note 4)

STP instruction
—_—

WIT instruction
- —

4MHz oscillation
32kHz osciilation
¢ =stop(high-level)
Timer operation

4MHz stop
32kHz stop

4MHz oscillation
32kHz oscillation
#=1MHz

¢ =stop

-
Interrupt(Note 1)
External INT
S 1/0 interrupt

—_—
Interrupt
External INT }

Timer interrupt
S 1/0 interrupt

SM,;=0

SM;=1

STP instruction
—_—

WIT instruction
-

4MHz oscillation
32kHz oscillation

¢ =stop

Timer operation(Note 3)

4MHz stop
32kHz stop
¢ =stop

4MHz oscillation
32kHz oscillation
#=16kHz

—_—
Interrupt
External INT }

-
interrupt(Note 2)
External INT ]

Timer interrupt S I/0 interrupt

S 170 interrupt SMe=0
It is necessary to program a
latency period sufficient to allow
the 4MHz oscillation to stabilize

SMe=1

STP instruction
R

WIT instruction
-

4MHz stop

39KH lat 4MHz stop 4MHz stop
i tz oscillation 32kHz oscillation 32kHz stop
=stop
#=16kHz $=sto
Timer operation(Note 3 —_— - P
Interrupt Interrupt(Note 2)
External INT External INT

S /0 interrupt

Timer mterrupt}
S 170 interrupt

Low-speed operation start mode (Note 4)

The above example assumes that signals of 4MHz and 32kHz are being applied to pins X,y Xcin respectively ¢ signifies the internal clock

Note 1 : Apporoximately 8ms of latency time are automatically generated upon release
from the STP instruction due to the connbctions of timer 2 and 3
2 . Approximately 1sec of latency time exists after the release of the STP instruction.
: When the internal clock 1/8 frequency is connected as a timer count source, ;he count source becomes 2kHz
4 : Specify at mask ROM ordering

w

Fig.24 Transition of states for the system clock
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<An example of flow for system> Power on reset
Clock Xc oscillation, clock X stop
Internal system clock start (Xc—1/2—¢)
Power on reset Program start fronI RESET vector

Clock X and clock for clock function Xc oscillation
1 Normal program +—Operating at 32kHz

Internal system cl:fck start (X —1/2— ¢)

Normal operation

Program start from RESET vector Clock X oscillation start
S Oscillation rize time (Software)

Internal clock switching Xcin—Xin(SM7 : 1—0)
Normal program <—Operating at 4 MHz ]

§
Internal clock ¢ source switching X( 4 MHz)—Xc «(32.768kHz)(SM; : 0—1)

Clock X halt(Xc i operation)
Internal clock halt(WIT instruction)
Timer 3 (clock count)overflow

Internal clock operation start (WIT instruction released)
§

F}lock processing routine <+ Operating at 32. 768kHz

§
Internal clock halt (WIT instruction)

Operation on the clock function only

Interrupts from INT,, timer 2, timer 1 or senal 1/0, INT,
Internal clock ope{atlon start (WIT instruction released)
Program start from interrupt vector

Clock X oscnlationl start (SMg: 1—0)

I Osclillation rise time routine (software) N «Operating at 32. 768kHz

Internal clock ¢so;.|rce switching (X¢—=X)(SM7 : 1—0)

Normal program —Operating at AMHz

Return from clock function

L STP instruction preparation (pushing registers)

!
Timer 2, timer 3 interrupt disable, timer 3 interrupt no request (IM,;= 0, TMg=0, TM;=0)
Timer 2 count stop bit resetting (TMs =0 )

Clock )§ and clock for clock function X¢ halt (STP instruction)

RAM backup function

RAM backup status

Interrupts from INT,, senal I/0, INT,
Clock X and clock for clock function X oscillation start

Timer 3 overflow (X/16 or Xc/16—timer 2 —timer 3)
(Automatically connected by the hardware)

Internal system clock start (X/16 or Xc/2—¢)

Program start from interrupt vector
§

Normal program

§

Return from RAM backup function

_ MITSUBISHI
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PROGRAM NOTES

(1) The frequency ratio of the timer and the prescaler is 1/
(n+1).

(2) Even though the BBC and BBS instructions are ex-
ecuted after the interrupt request bits are modified (by
the program), those instructions are only valid for the
contents before the modification. Also, at least one in-
struction cycle must be used (such as a NOP) between
the modification of the interrupt request bits and the
execution of the BBC and BBS instructions.

(3) When ¢/4 or it divided by timer are used as clock for

timer, the contents of the timer can be read at volun-
tary timing.
However, when an other clock (except above clocks)
is input to timer, read the contents of timer either while
the input of the timer is not changing or after timer
count is stopped.

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

(5) A NOP instruction must be used after the execution of
a PLP instruction.

DATA REQUIRED FOR MASK ORDERING
Please send the following data for mask orders.

(1) mask ROM confirmation form

(2) mark specification form

(3) ROM data «---roeerreerermmereneinieniniia, EPROM 3 sets
Write the following option on the mask confirmation form

(1) ¢ output stop option

(2) Internal reset timing option

MITSUBISHI
ELECTRIC
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vce Supply voltage —0.3~7 \'
Vp Pull-down nput voltage , Vec—40~Vece+0.3 \
v, Input voltage, P2g~P2;, P3g~P3;, P3;~P3;, —0.3~13 v

CNVgs, P52/INT;, P53/INT,
V, Input voltage, RESET, Xin, Xcin With respect to Vss. —0.3~7 \
\ Input voltage, P6o~P6s, P33 Output transistors cut-off —0.3~Vcc+0. 3 \
\A Input voltage, P5;~P5; —0.3~13 \
Vo Output voltage, P2o~P27, P3y~P3,, P3;~P3; —0.3~13 \
Vo Output voltage, P6~P86s, Xour, Xcout, % P33 —0.3~Vge+0.3 \
Vo Output voltage, POp~P0;, P1o~P1;, P4g~P4;, P5,, P5; . Vec—40~Vc+0. 3 v
Pd Power dissipation Ta=25C 1000(Note 1) mwW
Topr Operating temperature —10~70 C
Tstg Storage temperature —40~125 ‘C

Note 1 . 600mW for QFP types

RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta=—10~70C, unle;s otherwise noted)

Limits
Symbol Parameter Unit
Min Typ Max
Voo Supply voltage f(Xin)=4.2MHz 4.5 5 5.5 Vv
f(Xoin) =32kHz 2.7 5 5.5 \
Vp Pull-down supply voltage Vee—38 Vece v
Vss Supply voltage 0 \
“H” input voltage P2,~P2;, P3,~P3;, CNVss(Note 1
Vin i ? PSZ/INT:, P5:/INT.7, P60~SI:((55 "o 75Veo Vee M
Vin “H” input voltage RESET, X, Xcin 0.8Vec Vece \
Vin “H” input voltage P5;~P5; 0.4Vee ) Vee \
“L" input voltage P2¢~P2;, P3;~P3;, CNV;
Vi i ? Psz/lNT:, P5:/INT17, P60~s;65 ° 0.25Veo M
Vi “L” input voltage RESET 0 0.12Vee \
VL “L” input voltage Xin, Xcin 0 0.16Vee v
ViL “L” input voltage P5,~P5; 0 0.12V¢e \"
“H” sum output current POy~PO0;, P1o~P1;, P4,~P4;
lon(sum) P5, P5 —120 mA
0, PS5
lon(sum) | “H" sum output current P6y~P6s —5 mA
loL(sum) | “L” sum output current P2g~P2;, P3y~P3;, P6y~ P65 50 mA
lon(peak)| “H” peak output current PO~ PO, —40 mA
lon(peak)| “H” peak output current POs~P07, P1o~P1; —30 mA
lon(peak)| “H” peak output current P4o~P4;, P5q, P5; —24 mA
lon(peak)| “H" peak output current P6,~P6s —3 mA
loL(peak) | “L" peak output current P2,~P2;, P3o~P3; 15 mA
loL(peak) | “L” peak output current P6~P6s 3 mA
loncavg) | “H" average output current PO~P07, P1o~P17 —18 mA
loncavg) | “H” average output current P4o~P4;, P5o, P5, —12 mA
loncavg) | “H” average output current P6o~P6s —1.5 mA
loLcavg) | “L” average output current P2o~P2;, P3p~P3; 10 mA
loLcavg) | “L" average output current P6o~P6s 1.5 mA
Timer 3 counter clock input f(Xin)=4. 2MHz 250
ftpayronTm) oscillation frequency (Note 2 ) | f(Xcin)=32kHz o 50 kHz
f(Xin) Clock input oscillating frequency (Note2, 3, 5) 4.2 MHz
f(Xcin) Clock oscillating frequency for clock function 32.768 50 kHz

Note 1 : High-level input voltage of up to +12V may be applied to permissible for ports P2,~P2;, P3,~
P3,, P3,~P3;, CNVsgs, P5, and P5;

Oscillatlon frequency Is at 50% duty cycle

When used in the low-speed mode, the timer clock input frequency should be f(Xgin) < f(Xin)/3
: The average output current lo(avg) and lonavg) are in period of 100ms

. When external clock input Is used, the timer clock input frequency should be f(Xgn) < 50kHz

aBswN
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M37421M6-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

ELECTRICAL CHARACTERISTICS (Voo =5V£10%, Vss = 0V, Ta = 25C, f(X;y) = 4MHz, unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min Typ. Max
Vou “H” output voltage P6,~P6s low=—0.5mA Vec—0.4 \")
Vou “H” output voltage ¢ lo=—2.5mA Vee—2 \"
Von “H” output voltage P0y~P0;, P1,~P1; lon==—18mA Vec—2 \"
Vou “H" output voltage P4y~P4;, P5q, P5; lon=—12mA Vec—2 \
Voo “L" output voltage P2y~P2;, P3,~P3; lo.=10mA 2 \"
Voo “L" output voltage P8y~ P6s lo,=0. 5mA 0.4 \
Voo “L” output voltage ¢ lo,=2.5mA 2 \%
Vr4+—V1— | Hysteresis P5,/INT, P53/INT, 0.3 1 \
Vr+—Vr— | Hysteresis RESET 0.5 0.7 \
Vr4+—Vr— | Hysteresis P3g When used as CLK input 0.3 1 \Y
he “L” input current P2o~P2;, P3;~P3; V=0V —5 ~A
e “L” input current P6o~ P65 V=0V —5 uA
i “L” input current P5,~P5; V=0V -5 A
he “L” input current RESET, Xin, Xcin V=0V —5 uA
e “L” input current P5,/INT, P53/INT, V=0V —5 ©A
P2y~P2;, P3,~P3; V=5V 5
T " Input current P2g~P2;, P3g~P3y, P33~P3; | V)=12V 12 #A
lin “H” input current P6o~ P65 V=5V 5 A
. V=5V 5
hn “H” input current P5,~P5; Vi=12v 12 A
[ “H” input current RESET, Xin, Xcin V=5V 5 uA
) V=5V 5
'™ “H" input current P52/INTy, P53/INT, Vi=t2v 12 MA
lLoap P0g~P07, Plg~P17, Pdo~P47, PSo, P51| Vp=V(c—36V, Vo=Vcc 150 500 900 A
“L” output current
lLeak POo~P07, P1g~P17, Pdg~P47, P, P5;| Vp=Vc—38V, VoL=Vcc—38V 30 uA
VReam RAM retention voltage at clock stop 2 5.5 \%
Output pins open (output OFF)
Vp=Vcc, Vp=Vss Input and 1/0 pins all at Vsg 6 12
Xin=4MHz (system operation) mA
ditto (at comparator mode) 6 12
ditto (at wait mode) 1
lecc Supply current Xin—Xour stop
Xcin=32kHz (at system operation) all other 60 200
conditions same as above
ditto (at wait mode) 40 #A
Oscillation all stopped | Ta=25C 1
(at STOP mode) Ta=70"C 10
MITSUBISHI
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COMPARATOR CHARACTERISTICS (\/cc=5vi10%, Vee=0V, Ta=25C, f(X\y)=4MHz)

Limits
Parameter - Unit
Min. Typ Max
Resolution - — (1/16)Vee v
Internal analog voltage error - — | £(1/16)Vee \
Analog nput voltage 0 — Vece v
< X Voo
41X~ RESET [
C.,=R, Veb—
= Xour X;=4MHz ceramic oscillator
Cs Input pin f— X,=32.768kHz quartz crystal
=2 -{x C,=C,=30pF oscillator
w l CIN
C,,=|R;% Ri=1MQ
T34 Xcour Cy=10pF
" CNV.
Rs ss C.=30pF
Vss R,=10MQ
R3=100k Q
-
Output pins are open

Fig.25 Supply current test circuit
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'

TIMING REQUIREMENTS
Single—chip mode (Vec =5V+10%, Vss =0V, Ta=25C, f (X;y) = 4MHz, unless otherwise noted)

Limits

Symbol Parameter - Tve Mo Unit
tooxy) External clock input cycle ime (Xn input) 238 ns
tw(xpy) External clock input pulse width (Xy input) 75 ns
te(xgp) External clock input cycle time (Xcin) 2.0 ms
twixen) External clock input pulse width (Xci) 1.0 ms
tr External clock rise time 25 ns
tf External clock fall ime 25 ns

Timing requirements of X,y

te(Xm)

o 8Vce 4 0.8Vee
/ L 0.16Vcc /

twn) tw
Parameter Min. Typ. Max. Unit
Xin clock input cycle time tc(Xy) 238
Xin clock input pulse width “H” twy tcX0. 45 tcX0. 55 ns
Xin clock input pulse width “L” ty tcX0. 45 tcX0.55
\
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