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MITSUBISHI MICROCOMPUTERS

3886 Group
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\\\0‘\‘:\2 o SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION
DESCRIPTION o Power dissipation

The 3886 group is the 8-bit microcomputer based on the 740 fam-
ily core technology.

The 3886 group is designed for controlling systems that require
analog signal processing and include two serial 1/0 functions, A-D
converters, D-A converters, system data bus interface function,
watchdog timer, and comparator circuit.

The multi-master I2C bus interface can be added by option.

FEATURES

<Microcomputer mode>

e Basic machine-language inStructions ............ccccccevviiiieeenininnn. 71
e Minimum instruction execution time .............cccceeeviiiiinneen. 0.4 ps

(at 10 MHz oscillation frequency)
e Memory size

ROM ot 32K to 60K bytes
RAM Lo 1024 to 2048 bytes
e Programmable input/output POrts ...........ccocveiiiieiiiiiiiieniiees 72

e Software pull-up resistors ...
® INLEITUPLS ..o
(Included key input interrupt)

® TIMEIS it 8-bit [ 4
e Serial I/O1 ......c.ccccvens 8-bit 0 1(UART or Clock-synchronized)
e Serial /02 ............... .... 8-bit 0 1(Clock-synchronized)
©® PWM OUEPUL CIFCUIT ..vvveeeeiiieee e e e e e 14-bit 02
® BUS INtEITACE ...ovviiieiiie e 2 bytes
@ 12C bus interface (OPtON) .........ccovvvevevreeieeeeeeieienenees 1 channel
® A-D CONVEIET ...ooiiiiiiiieiecee e 10-bit O 8 channels
® D-A CONVETET ..o 8-bit 00 2 channels
® ComMPArator CirCUIL .........ccivuieiirieiii e 8 channels
o Watchdog tiImer ........cccooiiiiiiiiiii e 16-bit 0 1
e Clock generating CIrCuit ...........ccccooveeriiiiiniieenns Built-in 2 circuits

(connect to external ceramic resonator or quartz-crystal oscillator)
e Power source voltage

In high-speed mode ..........ccccceiiiiiiiiiiiiiiee e 40to 55V
(at 10 MHz oscillation frequency)
In middle-speed mode ...........cccceeeeiiiiiiiiiiiiieees 2.7t05.5V(¥
(at 10 MHz oscillation frequency)
In low-speed MOode .........ccceviiiieiiieiiieciiee e 2.7t055V (¥

(at 32 kHz oscillation frequency)
(*: 4.0 to 5.5 V for Flash memory version)

In high-speed MOode ........cccceeviiiiee i 40 mW
(at 10 MHz oscillation frequency, at 5 V power source voltage)
In high-speed mMode .........c.ccoooiiiiiiiiiiic e 34 mwW
(at 8 MHz oscillation frequency, at 5 V power source voltage)
IN IoW-Speed MOAE ......ccoiiiiiiiiiie e 60 pw
(at 32 kHz oscillation frequency, at 3 V power source voltage)

e Memory expansion possible

e Operating temperature range.........ccceeeeerivveeeeenninnnes —20 to 85°C

<Flash memory mode>

® SUPPlY VOItAge ..o Vcc=5V+10%
e Program/Erase voltage ..........cccoeevvvenneeennnen. VPP =12V +£5%
e Programming method...................... Programming in unit of byte
® Erasing method ..........ccocoiiiiiiiiiiiicc e Batch erasing
e Program/Erase control by software command

o Number of times for programming/erasing .............cccocovveeneen. 100
m Notes

1. The specifications of flash memory version are subject to
change because it is under development. Inquire the use of
Mitsubishi Electric Corporation.

2. The flash memory version cannot be used for application em-
bedded in the MCU card.

APPLICATION
Note book PC
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MITSUBISHI MICROCOMPUTERS

3886 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

PIN CONFIGURATION (TOP VIEW)
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P65/ANs - [76] % ~— RESET
P64/ANs ~—p [77] 24| -— CNVss
P63/AN3 4 [78] [23] <—» P42/INT0/OBFo0
P62/AN2 <4 [79] Q [22] - P43/INTL/OBFo1
P61/AN1 4= [80] [21] <—» P44/RxD
0 0 3 3 5 T S R s
S IRAYES o agSlzag SlE S0
ZQa S PN XE 2 x xl=Slo <lo
g%%555ﬁ§%§§5;§5a3:§§
[N ) o Eala O«
EeEgfEggheigzessrigia
2 go*tEd? §4 Note: The pin number and the position of the
& § § 5 function pin may change by the kind of
Package type : 80P6Q-A package.
Fig. 1 M38867M8A-XXXHP pin configuration
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the function pin may change by the
kind of package.

Fig. 2 M38867E8AFS pin configuration
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FUNCTIONAL BLOCK
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Fig. 3 Functional block diagram
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MITSUBISHI MICROCOMPUTERS

3886 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

PIN DESCRIPTION
Table 1 Pin description (1)

i Functions
Pin Name Function except a port function
vee v b *Apply voltage of 2.7V — 5.5V to Vcc, and 0 V to Vss.
ower source .
cc. Vss «In the flash memory version, apply voltage of 4.0 V — 5.5 V to Vcc, and 0 V to Vss
*This pin controls the operation mode of the chip.
*Normally connected to Vss.
CNVss CNVss input «|f this pin is connected to Vcc, the internal ROM is inhibited and an external memory is accessed.
«In the flash memory version, connected to Vss.
«In the EPROM version or the flash memory version, this pin functions as the VPP power source input pin.
VREF Reference voltage *Reference voltage input pin for A-D and D-A converters.
*Analog power source input pin for A-D and D-A converters.
AVss Analog power source
eConnect to Vss.
RESET Reset input *Reset input pin for active “L".
. Input and output pins for the clock generating circuit.
XIN Clock input . . .
eConnect a ceramic resonator or quartz-crystal oscillator between the XiN and XouT pins to set
the oscillation frequency.
Xout Clock output *When an external clock is used, connect the clock source to the XIN pin and leave the XouT
pin open.
+8-bit CMOS 1/0 port. -Comparator reference power source
PO0/P3REF «I/O direction register allows each pin to be individually | input pin
programmed as either input or output.
1/0 port PO ) .
*When the external memory is used, these pins are used as the address bus.
P01-PO7 *CMOS compatible input level.
*CMOS 3-state output structure or N-channel open-drain output structure.
*8-bit CMOS 1/0 port.
«|/O direction register allows each pin to be individually programmed as either input or output.
Plo-P17 | I/O port P1 *When the external memory is used, these pins are used as the address bus.
*CMOS compatible input level.
*CMOS 3-state output structure or N-channel open-drain output structure.
*8-bhit CMOS 1/0 port.
«|/O direction register allows each pin to be individually programmed as either input or output.
P20—P27 /O port P2 *When the exteljnal memory is used, these pins are used as the data bus.
*CMOS compatible input level.
*CMOS 3-state output structure.
*P24 to P27 (4 bits) are enabled to output large current for LED drive (only in single-chip mode).
*8-bit CMOS 1/0 port. +Key-on wake-up input pin
«I/O direction register allows each pin to be individually | .com tor i i
P30/PWMoo ] . parator input pin
rogrammed as either input or output.
P31/PWM10 prog putoroutp _ PWM output pin
*When the external memory is used, these pins are
used as the control bus.
VO port P3 *CMOS compatible input level. *Key-on wake-up input pin
*CMOS 3-state output structure. Comparator input pin
P32—P37 *These pins function as key-on wake-up and compara-
tor input.
*These pins are enabled to control pull-up.
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MITSUBISHI MICROCOMPUTERS

3886 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

Table 2 Pin description (2)

Pin Name Functions - -
Function except a port function
- «8-bit I/O port with the same function as port PO. -Sub-clock generating circuit 1/0
<Input level> pins
P4/XcIN P40, P41 : CMOS input level (Connect a resonator.)
P42—P46 : CMOS compatible input level or TTL in-
P42/INTo put level _ _
/OBFo00 P47: CMOS compatible input level or TTL input | °Interruptinput pins
P43/INT1 } level in the bus interface function «Bus interface function pins
/OBFo1 /O port P4 <Output structure>
P40, P41, P47 : CMOS 3-state output structure
P42-P46 : CMOS 3-state output structure or N-
P44/RxD h . . .
P4S/TXD channel open-drain output structure Serial 1/01 function pins
5/TX .
*Regardless of input or output port, P42 to P46 can
be input every pin level.
P46/ScLK1 *When P42 and P43 are used as output port, the ) o
/OBF10 function which makes P42 and P43 clear to “0” | *Serial I/O1 function pins
P47/SRDY1 when the host CPU reads the output data bus | *Bus interface function pins
/S1 buffer 0 can be added.
P50/A0 8-bit I/0O port with the same function as port PO. *Bus interface function pins
P51/INT20 *CMOS compatible input level.
/S0 *CMOS 3-state output structure. ) )
P52/INT30 +P50 to P53 can be switched between CMOS com- | *INterruptinput pins
R patible input level or TTL input level in the bus | *Bus interface function pins
P53/INT40 interface function.
W 1/0 port P5
P54/CNTR
54/C 0 *Timer X, timerY function pins
P55/CNTR1
P56/DA1 _
/PWMo1 *D-A converter output pin
P57/DA2 *PWM output pin
/PWM11
8-bit I/O port with the same function as port PO.
Egoﬁmf)— 1/0 port P6 «CMOS compatible input level. +A-D converter output pin
7/AN7
*CMOS 3-state output structure.
P70/SIN2 +8-bit 1/0 port with the same function as port PO.
P71/Sout2 P70-P75: CMOS compatible input level or TTL in- | *Serial /02 function pin
P72/ScLk2 put level
P73/SRDY2 P76, P77: CMOS compatible input level or | «Serial /02 function pin
/INT21 1/0 port P7 SMBUS input level in the 12C-BUS inter- «Interrupt input pin
P74/INT31 face function, N-channel open-drain
P75/INT41 output structure eInterrupt input p|n
*Regardless of input or output port, P70 to P75 can
P76/SDA be input every pin level. . . .
P ypP +|12C-BUS interface function pin
P77/ScL
«8-bit 1/0 port with the same function as port PO.
P80/DQo— *CMOS compatible input level. - . .
P87/DQ7 I/0 port P8 *CMOS 3-state output structure. *Bus interface function pin
*CMOS compatible input level or TTL input level in
the bus interface function.
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PART NUMBERING

Product name M3886 7 M 8 A- XXX HP
—L Package type
HP : 80P6Q-A
FS : 80D0
ROM number

Omitted in the one time PROM version shipped in blank,
the EPROM version and the flash memory version.

—: standard

A—: High-speed version

— is omitted in the One Time PROM version shipped in blank,
the EPROM version and the flash memory version.

ROM/PROM size
: 4096 bytes 9: 36864 bytes
: 8192 bytes A: 40960 bytes
: 12288 bytes B: 45056 bytes
: 16384 bytes C: 49152 bytes
: 20480 bytes D: 53248 bytes

: 24576 bytes E: 57344 bytes

: 28672 bytes F: 61440 bytes

: 32768 bytes

The first 128 bytes and the last 2 bytes of ROM are reserved
areas ; they cannot be used.

However, they can be programmed or erased in the EPROM

0 N O O A WN P

version and the flash memory version, so that the users can
use them.

Memory type

M : Mask ROM version

E : EPROM or One Time PROM version
F : Flash memory version

RAM size
0: 192 bytes 5: 768 bytes
1: 256 bytes 6: 896 bytes
2: 384 bytes 7:1024 bytes
3: 512 bytes 8: 1536 bytes
4: 640 bytes 9: 2048 bytes
Fig. 4 Part numbering
6 ‘ MITSUBISHI
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

GROUP EXPANSION Packages

Mitsubishi plans to expand the 3886 group as follows. BOPBQ-A ..o 0.5 mm-pitch plastic molded LQFP
80D0 ..oceeveiiiieeen 0.8 mm-pitch ceramic LCC (EPROM version)

Memory Type

Support for mask ROM, One Time PROM, EPROM and flash The pin number and the position of the function pin may change

memory version. by the kind of package.

Memory Size
ROM size 32 K to 60 K bytes

RAM size 1024 to 2048 bytes
Memory Expansion Plan
ROM size (bytes)
ROMp------ P P rommee- Tommee- qmmme- G- qm e e e e P P )
external i i i i i i i i Under development | i i
BOK |~~~ bemmee beeeee- beeeo- eeeee- e e demme- R e M38869FFAIMFARD - ----
ABK [ b SRR o -
32K~ Peeees e Teeee- ===~ ((M38867EBAMSA )~~~ -meeee o Fooeee- rosee- ro-oee-
R L Lt L b -Hh£ =o™Yi
24Kp------ e L s e R BT == === EREEEEE REREEEE pom---- F------i
e B S T T S S
e —————
12Kp------ e et s p----- go----- qe----- SEREEEE q----- - e i—------ - Fo----- e et 1
R e R L T
384 512 640 768 896 1024 1152 1280 1408 1536 2048 3072 4032
RAM size (bytes)
Products under development or planning : the development schedule and specification may be revised without notice.
Planning products may be stopped the development.

Fig. 5 Memory expansion plan

Currently planning products are listed below.

Table 3 Support products As of July 1998
Product name %)Mngg/lfosrlee(rti)X t(es)) RAM size (bytes) Package Remarks
M38867M8A-XXXHP Mask ROM version
M38867E8A-XXXHP 32768 80P6Q-A | One Time PROM version
M38867E8AHP (32638) 1024 One Time PROM version (blank)
M38867E8AFS 80D0 EPROM version
M38869MFA-XXXHP Mask ROM version
61440 (61310) 2048 80P6Q-A -
M38869FFAHP Flash memory version
4 MITSUBISHI ;
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MITSUBISHI MICROCOMPUTERS

3886 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

FUNCTIONAL DESCRIPTION
CENTRAL PROCESSING UNIT (CPU)
The 3886 group uses the standard 740 Family instruction set. Re-
fer to the table of 740 Family addressing modes and machine
instructions or the 740 Family Software Manual for details on the
instruction set.
Machine-resident 740 Family instructions are as follows:

The FST and SLW instructions cannot be used.

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

[CPU Mode Register (CPUM)] 003B 16

The CPU mode register contains the stack page selection bit, the
processor mode bits specifying the chip operation mode, etc.

The CPU mode register is allocated at address 003B16.

b7 b0
| | | | | | | | | CPU mode register
(CPUM : address 003B16)
Processor mode bits
bl b0
0 0 : Single-chip mode
0 1 : Memory expansion mode

1 0 :Microprocessor mode ( Note)
1 1 :Notavailable

Stack page selection bit
0 : 0 page
1 :1page

Reserved
(Do not write “0" to this bit when using
XcIN-XcourT oscillation function.)

Port Xc switch bit
0 : 1/0 port function (stop oscillating)
1 : Xcin—XcouT oscillating function

Main clock (XIN—-XouT) stop bit
0 : Oscillating
1 : Stopped

Main clock division ratio selection bits
b7 b6
0 0 : @=f(XIN)/2 (high-speed mode)
0 1 :@=f(XIN)/8 (middle-speed mode)
1 0 :@=f(XcIN)/2 (low-speed mode)
1 1 :Notavailable

Note: This mode is not available for the flash memory version.

Fig. 6 Structure of CPU mode register
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Ygore ™ SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION
MEMORY Interrupt Vector Area

Special Function Register (SFR) Area
The Special Function Register area in the zero page contains con-
trol 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

The first 128 bytes and the last 2 bytes of ROM are reserved for
device testing and the rest is user area for storing programs. Pro-
gram/Erase of the reserved ROM area is possible in the EPROM
version and the flash memory version

The interrupt vector area contains reset and interrupt vectors.

Zero Page
Access to this area with only 2 bytes is possible in the zero page
addressing mode.

Special Page
Access to this area with only 2 bytes is possible in the special
page addressing mode.

RAM area
RAM size Address
(bytes) XXXX16

192 00FF16
256 013F16
384 01BF1s
512 023F16
640 02BF16
768 033F16
896 03BF16
1024 043F16
1536 063F16
2048 083F16

ROM area
ROM size Address Address
(bytes) YYYY16 277716
4096 FO00016 FO08016
8192 E00016 E08016
12288 D00016 D08016
16384 C00016 C08016
20480 B00016 B08016
24576 A00016 A08016
28672 900016 908016
32768 800016 808016
36864 700016 708016
40960 600016 608016
45056 500016 508016
49152 400016 408016
53248 300016 308016
57344 200016 208016
61440 100016 108016

RAM

ROM

Note: This area is SFR in M38869FFA.
This area is Reserved in M38869MFA.
This area is not used in the products except M38869FFA and M38869MFA.

000016
SFR area
004016 Zero page
010016
XXXX16
Not used
OFFE1s R
iSFR area | (Note)
OFFF16 feeeeeeeennaenns]
CYYYY1s
Reserved ROM area
(128 bytes)
277716
FFO0016 ]
FFDC1e
Interrupt vector area Special page
FFFE16
| FFFFic| Reserved ROM area l

Fig. 7 Memory map diagram
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Ygore ™ SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION
000016 | Port PO (PO) 002016 | Prescaler 12 (PRE12)
000116 | Port PO direction register (POD) 002116 | Timer 1 (T1)
000216 | Port P1 (P1) 002216 | Timer 2 (T2)
000316 | Port P1 direction register (P1D) 002316 | Timer XY mode register (TM)
000416 | Port P2 (P2) 002416 | Prescaler X (PREX)
000516 | Port P2 direction register (P2D) 002516 | Timer X (TX)
000616 | Port P3 (P3) 002616 | Prescaler Y (PREY)
000716 | Port P3 direction register (P3D) 002716 | Timer Y (TY)
000816 | Port P4 (P4) 002816 | Data bas buffer register 0 (DBBO)
000916 | Port P4 direction register (P4D) 002916 | Data bas buffer status register 0 (DBBSTS0)
000A16 | Port P5 (P5) 002A16 | Data bas buffer control register (DBBCON)
000B16 | Port PS5 direction register (P5D) 002B16 | Data bas buffer register 1 (DBB1)
000C16 | Port P6 (P6) 002C16 | Data bas buffer status register 1 (DBBSTS1)
000D16 | Port P6 direction register (P6D) 002D16 | Comparator data register (CMPD)
000E16 | Port P7 (P7) 002E16 | Port control register 1 (PCTL1)
000F16 | Port P7 direction register (P7D) 002F16 | Port control register 2 (PCTL2)
001016 | Port P8 (P8)/Port P4 input register (P4l) 003016 | PWMOH register (PWMOH)
001116 | Port P8 direction register (P8D)/Port P7 input register (P71) 003116 | PWMOL register (PWMOL)
001216 | 12C data shift register (S0) 003216 | PWM1H register (PWM1H)
001316 | 12C address register (SOD) 003316 | PWMLL register (PWM1L)
001416 | I12C status register (S1) 003416 | AD/DA control register (ADCON)
001516 | 12C control register (S1D) 003516 | A-D conversion register 1 (AD1)
001616 | 12C clock control register (S2) 003616 | D-Al conversion register (DA1)
001716 | I12C start/stop condition control register (S2D) 003716 | D-A2 conversion register (DA2)
001816 | Transmit/Receive buffer register (TB/RB) 003816 | A-D conversion register 2 (AD2)
001916 | Serial I/O1 status register (SIO1STS) 003916 | Interrupt source selection register (INTSEL)
001A16 | Serial I/O1 control register (SIO1CON) 003A16 | Interrupt edge selection register (INTEDGE)
001B16 | UART control register (UARTCON) 003B16 | CPU mode register (CPUM)
001C16 | Baud rate generator (BRG) 003C16 | Interrupt request register 1 (IREQ1)
001D16 | Serial I/0O2 control register (SIO2CON) 003D16 | Interrupt request register 2 (IREQ2)
001E16 | Watchdog timer control register (WDTCON) 003Ezs | Interrupt control register 1 (ICON1)
001F16 | Serial I/02 register (S102) 003F16 | Interrupt control register 2 (ICON2)
OFFE1e | Flash memory control register (FCON)
OFFF16 | Flash command register (FCMD)

Fig. 8 Memory map of special function register (SFR)
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/0 PORTS output latch is written to and the pin remains floating.

The 1/0 ports have direction registers which determine the input/
output direction of each individual pin. Each bit in a direction reg-
ister corresponds to one pin, and each pin can be set to be input
port or output port.

When “0” is written to the bit corresponding to a pin, that pin be-
comes an input pin. When “1” is written to that bit, that pin
becomes an output pin.

If data is read from a pin which is set to output, the value of the
port output latch is read, not the value of the pin itself. Pins set to
input are floating. If a pin set to input is written to, only the port

Table 4 1/0 port function (1)

When the P8 function select bit of the port control register 2 (ad-
dress 002F16) is set to “1”, read from address 001016 becomes
the port P4 input register, and read from address 001116 becomes
the port P7 input register.

As the particular function, value of P42 to P46 pins and P70 to P75
pins can be read regardless of setting direction registers, by read-
ing the port P4 input register (address 001016) or the port P7 input
register (address 001116) respectively.

Pin Name Input/Output 1/0O Structure Non-Port Function Related SFRs Ref.No.
Address low-order byte | CPU mode register
PO0/P3REE . output Port control register 1 1)
CMO“S colmpanble Analog comparator | Serial /02 control
Port PO I(rZ]IE)/IuOSe\é(-astate output | POWer source input pin | register
or N-channel open-
) Address low-order byte
P0O1-P0O7 drain output output CPU mode register o
Address high-order Port control register 1
Plo-P17 Port P1 byte output
P20-P27 Port P2 Data bus 1/O CPU mode register 3)
Control signal I1/0 .
P30/PWMoo PWM output (FEPltJ motdelregl_stter ) )
P31/PWM10 ) Key-on wake up input ort contro’ register (5)
CMOS compatible Comparator inout AD/DA control register
Port P3 input level P P
CMOS 3-state output | Control signal I1/0 .
P32-P37 Key-on wake up input gPltJ motdelregl_st;ar . 6)
Comparator input ort control register
P4o/XcouTt Sub-clock generating . (7)
P41/XcIN circuit CPU mode register (8)
P42/INTo/ . . )
External interrupt input | Interrupt edge selection 9
gf'jﬁgT / !np_ut_/outpu;, Bus interface function | register ((13)
ST individual bits 110 Port control register 2
OBFo1
CMOS compatible Serial 1/01 control
input level or TTL Serial 1/01 function in- .
P44/RXD input level put register _ (11)
CMOS 3-state output Port control register 2
or N-channel open- Serial 1/01 control
P45/ TXD drain output Serial /01 function out- | register (12)
Port P4 put UART control register
Port control register 2
Serial I/0O1 control
Serial 1/01 function 1/0 | register
Foélgllzsl%LKl Bus interface function | Data bus buffer control 13)
output register
Port control register 2
CMOS compatible
input level .
/SR CMOS 3-state output | Serial 1/01 function out- | Serial I/O1 control
%7 RDY1 (when selecting bus put register (14)
' interface function) Bus interface function | Data bus buffer control
CMOS compatible input register
input level or TTL
input level
4 wmiTSuBISHI ”
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Table 5 1/0 port function (2)

Pin Name Input/Output I/O Format Non-Port Function Related SFRs Ref.No.
) Bus interface function | Data bus buffer control
P50/A0 ﬁ:}l;)/luotlsesglmpatlble input register (15)
P51/INT20 CMOS 3-state output
/S0 (when selecting bus ) . Interrupt edge selection
P52/INT30 interface function) Exter_nal interrupt input register 16)
R CMOS compatible Bus interface function | pata pys buffer control
Port P5 input level or TTL Input register
P53/INT40 input level
W
Eggﬁg“$gg ;'i—(')’:?/rox' timer Y func- | ;o0 Xy mode register | (17)
P56/DA1/ CMOS compatible
PWMoz1 input level D-A converter output AD/DA control register (18)
P57/DA2/ CMOS 3-state output | PWM output UART control register (19)
PWM11
Eggjﬁ“g_ Port P6 A-D converter input AD/DA control register (20)
P70/SIN2 Serial /02 control (21)
P71/SouT? Serial 1/02 function I/0 | register (22)
Input/output, ’
P72/SCLK2 individual bits | cyvos compatible Port control register 2 (23)
input level or TTL Serial 1/02 function out- .
P73/SRrRpY2/ input level put rSeeri!atlelr/OZ control o4
INT21 N-channel open-drain | Bus interface function 9 | . 2 (@4)
output input Port control register
Interrupt edge selection
P74/INTs1 Port P7 External interrupt input register (25)
P75/INT41 Port control register 2
CMOS compatible
input level
N-channel open-drain
P76/SoA i, 2C-BUS interface 1 (26)
(when selecting 12C- 1“C-BUS interface func- 2 .
P77/SCL BUS interface tion 1/0 I-C control register 27)
function)
CMOS compatible
input level or SMBUS
input level
CMOS compatible
input level
CMOS 3-state output
P80/DQo— (when selecting bus | Bus interface function | Data bus buffer control
P87/DQ7 Port P8 interface function) 110 register (28)
CMOS compatible
input level or TTL
input level

Notes1: For details of the functions of ports PO to P3 in modes other than single-chip mode, and how to use double-function ports as function 1/O ports, refer

to the applicable sections.

2: Make sure that the input level at each pin is either 0 V or Vcc during execution of the STP instruction.
When an input level is at an intermediate potential, a current will flow from Vcc to Vss through the input-stage gate.

12
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(1) Port POo PO6_P03 output (2) Ports PO1—-P07,P1
structure selection bit Egi:ggj
P1lo-P1s,

Direction
register

Y

Data bus —t-»| Port latch |

\I
Comparator reference power source inp

(3) Port P2

ut

Comparator reference input

pin select bit

Databus——»‘ Port latch |

Direction
register % )0—|
1>

(5) Port P31

P30—P33 pull-up contro] bit l:?
PWM:1 output pin selection bitﬂ —Do—_D—|

(7) Port P4o
Port Xc switch bit— >

Direction
register

PWMz1 enable bit
Direction
register ’_DiiD_{
Y | °
Data bus ——>Q Port latch S 4D_|
N
-
PWMao output ————— >—— Comparator .
input

Key-on wake-up

Oscillator
Port P41

Port Xc switch bit

P14-P17 output structure
selection bits

Direction
register
Data bus ——>Q Port latch |

(4) Port P30

P30—P33 pull-up contro| bit ﬁ
PWMo output pin selection bit:D_ —{>°—_D‘|

PWMo enable bit
Direction
register ’_I>_——D_{
|& °
Data bus ——>Q Port latch 3 4D_|
~N
-—
PWMoo outputﬁ)— Comparator .
input
Key-on wake-up
(6) Ports P32—P37
P30-P33,
P34-P37 puII-u%
Direction
Y [
Data bus—¢-~{ Portfatch_| 1>
<1
-—
Comparator inout
Key-on wake-up P
(8) Port P41
Port Xc switch bit — >
register
—O

Port latch

Sub-clock generating circuit input «+————

Fig. 9 Port block diagram (1)
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(9) Port P42 (10) Port P43

P4 output structure selection bit P4 output structure selection bit

OBFoo output enable bit *’_\_\ OBFo1 output enable bit—
Direction s
ﬂ register { Direction =l
JL °
Data bus —-~ Portlach 1 —
Port latch Data bus — Port latch [3 4D_|
Dl\l 0
02 _1
A 02 1
~N
OBFoo output ——— >—— OBFo1 output ——— >——
INTo interrupt input‘—@* INT1 interrupt input <_@7
(11) Port P44 (12) Port P45
P4 output structure selection bit . .
Serial /O1 enable bit PLS/T%?&EMHH;I o;ltpul disable bit
Receive enable bit eria enable bi
Transmit enable bitﬂ
Direction ]
register
—O
+—O
Data bus —»——1 Port latch 3 4D_|
Data bus —
01
~N
~N 021
~N
DZQ Serial /01 output ————>——
Serial 1/01 input<—@—
(13) Port P46 (14) Port P47
Serial /01 P4 output structure selection bit —>o—
synchronous clock selection bit Serial I/01 mode selection bit
Serial I/O1 enable bit Serial 1/01 enable bit%‘:}
. . SRDY1 output enable bit
Serial 1/01 mode selection bit Data bus buffer function
Serial /01 enable bit selection bit—{>
OBF10 output enable bit Direction
—O
—O
Data bus— Port latch
Data bus ———i Port latch D_|

~N
~N Serial /01 ready output —|>— 03

02 1 = .
< Stinput Data bus buffer function
Serial 1/01 clock output selection bit
OBF10 output é

Serial I/01 external clock input

(15) Port P50 (16) Ports P51,P52,P53
Data bus buffer enable bit Data bus buffer enable bit—>

Direction
register

Port latch

=

Port latch

~N 03 ~N
Ao input INT20, INT30, INT40 interrupt input<—@7
Data bus buffer

enable bit 03

So,RW input:
Data bus buffer

enable bit

01. The input level can be switched between CMOS compatible input level and TTL level by the P4 input level selection bit of the port control
register 2 (address 002F 16).

[02. The input level can be switched between CMOS compatible input level and TTL level by the P4 input level selection bit of the port control
register 2 (address 002F 16).
The port P8 and port P4 input register can be switched by the P8 function selection bit of the port control register 2 (address 002F16).

[03. The input level can be switched between CMOS compatible input level and TTL level by the input level selection bit of the data bus buffer
control register (address 002A 16).

Fig. 10 Port block diagram (2)
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(17) Ports P54,P55 (18) Port P56
. P e D

Directi
= | e =D

E Data bus —+_Porttateh 13 = >
N

Data bus——»‘ Port latch

S/

Pulse output mode——

Timer output ————| >——
~N
CNTRo,CNTRu interrupt input‘—@*
PWMoz output ———— >——

D-A converter output—=——o6—~o0———
D-A1 output enable bit

(19) Port P57 (20) Port P6

PWNM1 output pin selection bit —
P enable bit—_) ]
.| Direction % —O
register ’_“:)TD_{ 4D_(

O Data bus ﬂ——{ Port latch

Data bus——={ Port latch ? 9
~N
A-D converter input +——0—~0——
N

Analog input pin selection bit
PWM11 output ————— >——

D-A converter output —»—=&—~o———
D-A2 output enable bit

(21) Port P70 (22) Port P71
Serial 10/2 transmit completion signal
register Serial 1/02 port selection bit —1
—O Direction )
register

pata bus —-+{_Portlich 1%

Data bus —t—*| Port latch

B 04

Serial /02 input 4——@— D5>1
N

Serial 1/02 output H\)—

Sroy2 output enable bit

clock selection bit —
Serial 1/02 port selection bit —+ Péé?gtté?n j >
Direction
register Tgo

(23) Port P72 (24) Port P73
Serial /02 synchronization

Data bus —+ Port latch P

Data bus HF»‘ Port latch >
04
04 05 _1
N ~N
05 )
<} Serial 1/02 ready output H\ﬁ

Serial /02 clock output H\)— . INT21 interrupt input<—@—
Serial 1102

external clock input

04. The input level can be switched between CMOS compatible input level and TTL level by the P7 input level selection bit of the port
control register 2 (address 002F 16).

05. The input level can be switched between CMOS compatible input level and TTL level by the P7 input level selection bit of the port
control register 2 (address 002F 16).
The port P8 direction register and port P7 input register can be switched by the P8 function selection bit of the port control register 2
(address 002F 16).

Fig. 11 Port block diagram (3)
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(25) Ports P74,P7s (26) Port P76

Direction 12C-BUS interface ————
register enable bit

r—O Direction
register
Data bus——»| Port latch |—1 O
Data bus — Port latch Ps s

N
05 1
~N ~N
INT31,INT41 interrupt input 4——@*
Spa output ———— >——
SDAinpUI‘ﬂLi
(27) Port P77 (28) Port P8 So—s

12C-BUS interface S1”
enable bit Data bus buffer enable bit

Direction
register

Data bus— Port latch
Data bus —0—>‘ Port latch )8 i

Y

H o

~N

Sct output ————| >——
i 06
SctL input

b

3

< H Input buffer 0
03
— H Input buffer 1

06. The input level can be switched between CMOS compatible input level and SMBUS level by the | 2C-BUS interface pin input
selection bit of the 12C control register (address 0015 16).

Fig. 12 Port block diagram (4)
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b7 b0

Port control register 1
(PCTL1: address 002E 16)

— P00-P03 output structure selection bit
0: CMOS
1: N-channel open-drain
P04—P07 output structure selection bit
0: CMOS
1: N-channel open-drain
P1o—P13 output structure selection bit
0: CMOS
1: N-channel open-drain
P14—P17 output structure selection bit
0: CMOS
1: N-channel open-drain
P30—P33 pull-up control bit
0: No pull-up
1: Pull-up
P34—P37 pull-up control bit
0: No pull-up
1: Pull-up
PWMo enable bit
0: PWMo output disabled
1: PWMo output enabled
PWMz1 enable bit
0: PWM1 output disabled
1: PWM1 output enabled

b7 b0

Port control register 2
(PCTL2: address 002F 16)

—— P4 input level selection bit (P4 2—P46)
0: CMOS level input
1: TTL level input

P7 input level selection bit (P7 0—P75)
0: CMOS level input
1: TTL level input

P4 output structure selection bit (P4 2, P43, P44, P4s)
0: CMOS
1: N-channel open-drain

P8 function selection bit
0: Port P8/Port P8 direction register
1: Port P4 input register/Port P7 input register

INT2, INT3, INT4 interrupt switch bit
0: INT20, INT30, INT40 interrupt
1: INT21, INT31, INT41 interrupt

Timer Y count source selection bit
0: f(XIN)/16 (f(XCIN)/16 in low-speed mode)

1: f(XCIN)

Oscillation stabilizing time set after STP instruction released bit
0: Automatic set “0116” to timer 1 and “FF 16" to prescaler 12
1: No automatic set

Port output P42/P43 clear function selection bit
0: Only software clear
1: Software clear and output data bus buffer 0 reading

(system bus side)

Fig. 13 Structure of port I/O related register
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INTERRUPTS Interrupt Source Selection

Interrupts occur by 16 sources among 21 sources: nine external,
eleven internal, and one software.

Interrupt Control

Each interrupt is controlled by an interrupt request bit, an interrupt
enable bit, and the interrupt disable flag except for the software in-
terrupt set by the BRK instruction. An interrupt occurs if the
corresponding interrupt request and enable bits are “1” and the in-
terrupt disable flag is “0”.

Interrupt enable bits can be set or cleared by software.

Interrupt request bits can be cleared by software, but cannot be
set by software.

The BRK instruction cannot be disabled with any flag or bit. The |
(interrupt disable) flag disables all interrupts except the BRK in-
struction interrupt.

When several interrupts occur at the same time, the interrupts are
received according to priority.

Interrupt Operation

By acceptance of an interrupt, the following operations are auto-

matically performed:

1. The contents of the program counter and the processor status
register are automatically pushed onto the stack.

2. The interrupt disable flag is set and the corresponding interrupt
request bit is cleared.

3. The interrupt jump destination address is read from the vector
table into the program counter.

Any of the following interrupt sources can be selected by the inter-
rupt source selection register (address 003916).

.INTo or Input buffer full

.INT1 or Output buffer empty

. Serial 1/01 transmission or SCLSDA

CNTRo or SCLSDA

. Serial /02 or 12C

.INT2 0or I2C

. CNTR1 or Key-on wake-up

. A-D conversion or Key-on wake-up

0 NO U WN R

External Interrupt Pin Selection

The occurrence sources of the external interrupt INT2, INT3, and
INT4 can be selected from either input from INT20, INT30, INT40
pin, or input from INT21, INT31, INT41 pin by the INT2, INT3, INT4
interrupt switch bit (bit 4 of address 002F16).

m Notes

When setting of the following register or bit is changed, the inter-

rupt request bit may be set to “1.”

* Interrupt edge selection register (address 003A16)

* Interrupt source selection register (address 003916)

e INT2, INT3, INT4 interrupt switch bit of Port control register 2 (bit
4 of address 002F16)

Accept the interrupt after clearing the interrupt request bit to “0”

after interrupt is disabled and the above register or bit is set.

18 ‘ MITSUBISHI
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Table 6 Interrupt vector addresses and priority

Vector Addresses (Note 1)

Interrupt Request

Interrupt Source Priority High Low Generating Conditions Remarks
Reset (Note 2) 1 FFFD16 FFFC16 At reset Non-maskable
INTo At detection of either rising or | External interrupt
_________ 2 FFFB16 Frrase | faling edge of INToinput | (active edge selectable) |
Input buffer full At input data bus buffer writing
(IBF)
INT At detection of either rising or | External interrupt
1 falling edge of INT1 input (active edge selectable)
_________ 3 FFF916 FFF816
Output buffer At output data bus buffer read-
empty (OBE) ing
i At leti f serial 1/01 dat
Serial VOl 4 FFF716 FFF616 comp'etion ot sefia aa Valid when serial 1/01 is selected
reception reception
Serial /01 At completion of serial 1/01
: enal /o transfer shift or when transmis- | Valid when serial 1/01 is selected
fransmission 1 g FFF516 FFF416 | Sionbufferisempty | _ _ _ _ _ _ _ _ _______|
ScL S At detection of either rising or | External interrupt
CL, SDA falling edge of ScL or SbA (active edge selectable)
Timer X 6 FFF316 FFF216 At timer X underflow
TimerY 7 FFF116 FFFO16 At timer Y underflow
Timer 1 8 FFEF16 FFEE16 At timer 1 underflow STP release timer underflow
Timer 2 9 FFED16 FFEC16 At timer 2 underflow
CNTRo At detection of either rising or | External interrupt
falling edge of CNTRo input (active edge selectable)
————————— 10 FFEB16 FFEA16 e it et
ScL. Spa At detection of either rising or | External interrupt
' falling edge of ScL or Sba (active edge selectable)
CNTR At detection of either rising or | External interrupt
1 falling edge of CNTR1 input (active edge selectable)
“““““ u FRE91s FFEBIS I At falling of port P3 (at nput) in- | o~ ===
i input) in- . . .
Key-on wake-up put logical level AND External interrupt (falling valid)
. At completion of serial /02 data : ! :
Serial 1102 12 FEE716 FEE616 transfer Valid when serial 1/02 is selected
12C At completion of data transfer
At detection of either rising or | External interrupt
INT2 13 FFES516 FEE416 falling edge of INT2 input (active edge selectable)
12C At completion of data transfer
INT3 At detection of either rising or | External interrupt
14 FFE316 FFE216 falling edge of INT3 input (active edge selectable)
INT4 At detection of either rising or | External interrupt
15 FFEl16 FFEO16 falling edge of INT4 input (active edge selectable)
A-D converter At completion of A-D conversion
--------- 16 FFDF16 FFDE16 _,&f_ll_'__f___P§(__'__)‘___________________
t falling of port at input) in- ) ’ )
Key-on wake-up put logical level AND External interrupt (falling valid)
BRK instruction 17 FFDD16 FFDC16 At BRK instruction execution Non-maskable software interrupt

Notes 1: Vector addresses contain interrupt jump destination addresses.

2: Reset function in the same way as an interrupt with the highest priority.
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Interrupt request bit ——

Interrupt enable bit —

Interrupt disable flag (I) —9

BRK instruction
Reset

Interrupt request

Fig. 14 Interrupt control

b7 b0 |nterrupt edge selection register
HEEE | INTEDGE : address 003Au¢)
INTo active edge selection bit
INT1 active edge selection bit
Not used (returns “0” when read)
INT2 active edge selection bit
INT3 active edge selection bit
INT4 active edge selection bit - .
Not used (returns “0” when read) 0 : Falling edge active
1: Rising edge active
b7 bO |nterrupt request register 1 b7 bO Interrupt request register 2
HEEE (IREQ1 : address 003Cis) LIT] (IREQ2 : address 003Ds)
INTo/input buffer full interrupt request CNTRo/ScL, Spa interrupt request bit
bit ———CNTRu1/key-on wake-up interrupt
—— INT1/output buffer empty interrupt request bit
?q”ﬁsf/obg e int . it Serial 1/02/12C interrupt request bit
erial receive interrupt request bi 2Ci i
Serial /01 transmit/Sct, Soa interrupt :m%/ilm%rlputggrgepgur:gtu&ft bit
request bit b INT4 interrupt request bit
Timer X interrupt request bit AD converter/key-on wake-up interrupt
Timer Y interrupt request bit request bit
Timer 1 interrupt request bit Not used (returns “0” when read)
Timer 2 interrupt request bit . )
0 : No interrupt request issued
1 : Interrupt request issued
b7 b0 ) b7 b0 .
[TTTT111]| Interrupt control register 1 TTTTTT 111 Interrupt control register 2
(ICONL1 : address 003Ez16) (ICON2 : address 003F16)
INTo/input buffer full interrupt enable I_CNTRO/SCL, Soa interrupt enable bit
bit —— CNTR1/key-on wake-up interrupt
—INT1/output buffer empty interrupt enable bit
enable bit Serial 1/02/12C interrupt enable bit
Serial 1/0O1 receive interrupt enable bit INT2/12C interrupt enable bit
Serial /01 transmit/Sct, Spa interrupt INT3 interrupt enable bit
enable bit _ INT4 interrupt enable bit
Timer X interrupt enable bit AD converter/key-on wake-up interrupt
Timer Y interrupt enable bit enable bit
Timer 1 interrupt enable bit Not used (returns “0” when read)
Timer 2 interrupt enable bit (Do not write “1” to this bit)
0 : Interrupts disabled
1: Interrupts enabled

Fig. 15 Structure of interrupt-related registers (1)
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b7 b0

| | | | | | | | |Interruptsourceselection register

(INTSEL: address 003916)

INTO/input buffer full interrupt source selection bit
0 : INTointerrupt
1 : Input buffer full interrupt

——INT1/output buffer empty interrupt source selection bit
0 : INT21interrupt
1 : Output buffer empty interrupt

Serial /01 transmit/SCL,SDA interrupt source selection bit
0 : Serial /01 transmit interrupt
1: SCL,SDA interrupt

CNTRO/SCL,SDA interrupt source selection bit
0 : CNTROo interrupt
1: SCL,SDA interrupt

Serial 1/02/12C interrupt source selection bit
0 : Serial /02 interrupt

1: 12Cinterrupt

INT2/I2C interrupt source selection bit
0 : INT2interrupt

1: 12Cinterrupt

CNTR1/key-on wake-up interrupt source selection bit
0: CNTR1 interrupt
1 : Key-on wake-up interrupt

AD converter/key-on wake-up interrupt source selection bit
0 : A-D converter interrupt
1 : Key-on wake-up interrupt

(Do not write “1” to these bits simultaneously.)

(Do not write “1” to these bits simultaneously.)

(Do not write “1” to these bits simultaneously.)

Fig. 16 Structure of interrupt-related registers (2)
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Key Input Interrupt (Key-on Wake Up) “0”. An example of using a key input interrupt is shown in Figure
A Key input interrupt request is generated by applying “L” level to 17, where an interrupt request is generated by pressing one of the
any pin of port P3 that have been set to input mode. In other keys consisted as an active-low key matrix which inputs to ports
words, it is generated when AND of input level goes from “1” to P30-P33.
J] Port PXx
{] “L"level output
Port control register 1
Bit5="1"
Port P37 Key input interrupt request
direction register = “1”
0 00 1 Port P37
%}_CL_‘ latch l
P37 output [} 1 ! :’@ \
Port P36
direction register = “1”
= to 1 Port P36
%}_@ latch l
P36 output [} 1 1 @—
Port P3s
direction register = “1”
0 oo, Port P35
%}_CL_‘ latch l
P3s output [} l 1 :@7
Port P34
direction register = “1”
0 00 4 Port P34
%}_CCL— latch l
P34 output [ l T ’E
Port control register 1 Port P33
. Bit4="1 - direction register = “0 Port P3
% IZ?S]PQ‘S l Input reading circuit
P33 input Comparator circuit
1 | A s
0 [0 { 1 1
Port P32
direction register = “0”
= 00 1 Port P32 l
P32input %}—GCL_‘ latch
PR il i B
Lt 1
Port P31
direction register = “0”
%D 004 Port P31
P31 input latch l
1 L (5 I |
0 o 1, 1
Port P30
direction register = “0”
0 00 _ Port P30
P30 input % latch l
i = ) —
T L
O P-channel transistor for pull-up
00 CMOS output buffer

Fig. 17 Connection example when using key input interrupt and port P3 block diagram
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TIMERS

The 3886 group has four timers: timer X, timer Y, timer 1, and
timer 2.

The division ratio of each timer or prescaler is given by 1/(n + 1),
where n is the value in the corresponding timer or prescaler latch.
All timers are count down. When the timer reaches “0016", an un-
derflow occurs at the next count pulse and the corresponding
timer latch is reloaded into the timer and the count is continued.
When a timer underflows, the interrupt request bit corresponding
to that timer is set to “1".

b7 b0

Timer XY mode register
(TM : address 002316)

I—I— Timer X operating mode bit

b1b0

0 0: Timer mode

0 1: Pulse output mode

1 0: Event counter mode

1 1: Pulse width measurement mode

CNTRo active edge selection bit
0: Interrupt at falling edge
Count at rising edge in event
counter mode
1: Interrupt at rising edge
Count at falling edge in event
counter mode

Timer X count stop bit
0: Count start
1: Count stop

Timer Y operating mode bit

b5b4

0 0: Timer mode

0 1: Pulse output mode

1 0: Event counter mode

1 1: Pulse width measurement mode

CNTR1 active edge selection bit
0: Interrupt at falling edge
Count at rising edge in event
counter mode
1: Interrupt at rising edge
Count at falling edge in event
counter mode

Timer Y count stop bit
0: Count start
1: Count stop

Fig. 18 Structure of timer XY mode register

Timer 1 and Timer 2

The count source of prescaler 12 is the oscillation frequency di-
vided by 16. The output of prescaler 12 is counted by timer 1 and
timer 2, and a timer underflow sets the interrupt request bit.

Timer X and Timer Y
Timer X and Timer Y can each select in one of four operating
modes by setting the timer XY mode register.

(1) Timer Mode
The timer counts f(XIN)/16.

(2) Pulse Output Mode

Timer X (or timer Y) counts f(XIN)/16. Whenever the contents of
the timer reach “0016", the signal output from the CNTRo (or
CNTR1) pin is inverted. If the CNTRo (or CNTR1) active edge se-
lection bit is “0”, output begins at “ H".

If it is “1”, output starts at “L”. When using a timer in this mode, set
the corresponding port P54 ( or port P5s) direction register to out-
put mode.

(3) Event Counter Mode

Operation in event counter mode is the same as in timer mode,
except that the timer counts signals input through the CNTRo or
CNTR1 pin.

When the CNTRo (or CNTR1) active edge selection bit is “0”, the
rising edge of the CNTRo (or CNTR1) pin is counted.

When the CNTRo (or CNTR1) active edge selection bit is “1”, the
falling edge of the CNTRo (or CNTR1) pin is counted.

(4) Pulse Width Measurement Mode
If the CNTRo (or CNTR1) active edge selection bit is “0”, the timer
counts f(XIN)/16 while the CNTRo (or CNTR1) pin is at “H”. If the
CNTRo (or CNTR1) active edge selection bit is “1”, the timer
counts while the CNTRo (or CNTR1) pinis at “L".

The count can be stopped by setting “1” to the timer X (or timerY)
count stop bit in any mode. The corresponding interrupt request
bit is set each time a timer overflows.

The count source for timer Y in the timer mode or the pulse output
mode can be selected from either f(XIN)/16 or f(XCIN) by the timer
Y count source selection bit of the port control register 2 (bit 5 of
address 002F16).
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Oscillator Divider

Prescaler X latch (8) | | Timer X latch (8)

Pulse width
measurement
mode

Timer mode

(f(Xcin) in low-speed mode)
Pulse output mode

To timer X interrupt

Prescaler X (8) request bit

Timer X (8)

CNTRo active
edge selection
“0” bit

Event
counter
mode

B >

CNTRo active
edge selection “1"
bit

Timer X count stop bit

P54/CNTRo

To CNTRointerrupt
request bit

Q
Toggle flip-flop T [~
o

Port P54 Timer X latch write pulse
Port P54 latch Pulse output mode

direction register

Pulse output mode

Oscillator

Divider

Timer Y count source
selection bit
"

(f(Xcin) in low-speed mode)

| Prescaler Y latch (8) | | Timer Y latch (8) |

Oscillator

Pulse width
measure-

Timer mode

To timer Y interrupt
request bit

CNTRu1 active c
edge selection vent Timer Y count stop bit
PSs/CNTR1 W bit counter
mode
¢ {>o » To CNTRuinterrupt
request bit

CNTR1 active

edge selection “1”

bit Q ) _

Toggle flip-flop T [

Q R

o
Port P55 Timer Y latch write pulse
Port P55 latch Pulse output mode

direction register

Pulse output mode

Timer 2 latch (8)

| Prescaler 12 latch (8) | | Timer1 tatch (®) |

Oscillator Divider

1/16 Prescaler 12 (8) Timer 1 (8) To timer 2 interrupt
request bit
(f(XciN) in low-speed mode)
k » To timer 1 interrupt
request bit

Fig. 19 Block diagram of timer X, timerY, timer 1, and timer 2
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SERIAL I/O (1) Clock Synchronous Serial I/0O Mode
Serial 1/01 Clock synchronous serial /01 mode can be selected by setting
Serial 1/01 can be used as either clock synchronous or asynchro- the serial /01 mode selection bit of the serial 1/01 control register
nous (UART) serial 1/0. A dedicated timer is also provided for (bit 6 of address 001A16) to “1".
baud rate generation. For clock synchronous serial 1/0, the transmitter and the receiver
must use the same clock. If an internal clock is used, transfer is
started by a write signal to the TB/RB.
Data bus
Address 001816 [ Serial I/01 control register ] Address 001A16
Receive buffer register%—» Receive buffer full flag (RBF)
P44/RxD O ~{ Receive shift register ] —— = Receive interrupt request (RI)

Shift clock Clock control circuit

P46/ScLk1/OBF10 O

Serial I/01 synchronous
clock selection bit
BRG count source selection bit Frequency division ratio 1/(n+1)

f(XiN) o Baud rate generator | 1/4
(f(Xcin) in low-speed mode)

14 Address 001C16
P47/Srov1/S1 O <—{ Falling-edge detector }7 Clock control circuit
Shift clock — Transmit shift completion flag (TSC)
Transmit interrupt source selection bit

P4s/TxD o | Transmit shift register %/D—> Transmit interrupt request (T1)

T
[Transmit buffer register} Transmit buffer empty flag (TBE)
[ Serial 1/01 status register ] Address 001916
] Address 001816 L
Data bus

Fig. 20 Block diagram of clock synchronous serial 1/01

Transfer shift clock
(1/2 to 1/2048 of the internal
clock, or an external clock)

Serial output TxD

Serial input RxD

Receive enable signal SRDY1

Write pulse to receive/transmit ﬂ
buffer register (address 001816) :

\J Y
= \l RBF = 1
TBE=0 TBE=1 TSC=1
TSC=0 Overrun error (OE)
detection

Notes 1: As the transmit interrupt (TI), which can be selected, either when the transmit buffer has emptied (TBE=1) or after the
transmit shift operation has ended (TSC=1), by setting the transmit interrupt source selection bit (TIC) of the serial I/01
control register.

2: If data is written to the transmit buffer register when TSC=0, the transmit clock is generated continuously and serial data
is output continuously from the TxD pin.
3: The receive interrupt (RI) is set when the receive buffer full flag (RBF) becomes “1” .

Fig. 21 Operation of clock synchronous serial I/0O1 function
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(2) Asynchronous Serial I/0 (UART) Mode

Clock asynchronous serial /0 mode (UART) can be selected by
clearing the serial /01 mode selection bit of the serial 1/01 control
register to “0”.

Eight serial data transfer formats can be selected, and the transfer
formats used by a transmitter and receiver must be identical.

The transmit and receive shift registers each have a buffer, but the

two buffers have the same address in memory. Since the shift reg-
ister cannot be written to or read from directly, transmit data is
written to the transmit buffer register, and receive data is read
from the receive buffer register.

The transmit buffer register can also hold the next data to be
transmitted, and the receive buffer register can hold a character
while the next character is being received.

Data bus

Address 001816

)

Serial /01 control register lAddress 001A16

OE
Character length selection bit

Receive buffer register

Receive buffer full flag (RBF)
Receive interrupt request (RI)

P44/RXD O ° o Receive shift register
8 bits 1/16
PE FE UART control register
»{ Clock control circuit |—» Address 001B1s
}
Serial I/01 synchronous clock selection bit T
P46/ScLk1/OBF10 @
BRG count source selection bit Frequency division ratio 1/(n+1)
fXin) ~{ Baud rate generator
(f(XciN) in low-speed mode) Address 001C16
1/4
ST/SP/PA generator

Y

—————— Transmit shift completion flag (TSC)

Transmit interrupt source selection bit

P4s5/TxD

{Transmit shift register }*4’“

Transmit interrupt request (T1)

Character length selection bit J

[Transmit buffer register

Transmit buffer empty flag (TBE)

MAddress 001816 [Serial 1/01 status register] Address 001916
N[

Data bus

Fig. 22 Block diagram of UART serial /01
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Transmit or receive clock

Transmit buffer write

_ 1

1 or 0 parity bit

1 or 2 stop bit
Receive buffer read or 2 stop bit (s)

signal

signal
TBE=0 TBE=0
TSC=0
TBE=1 TBE=1 Tsc=19
Serial output Twa >< > SP ST mn > < > SP
lstartbit " Generated at 2nd bit in 2-stop-hit mode
- 7 or 8 data bit

—

Serial input RxD

Notes 1:
2:
interrupt source selection bit (TIC) of the serial I/01 control register.

3: The receive interrupt (RI) is set when the RBF flag becomes “1.”

4:

Error flag detection occurs at the same time that the RBF flag becomes “1” (at 1st stop bit, during reception).
As the transmit interrupt (T1), when either the TBE or TSC flag becomes “1,” can be selected to occur depending on the setting of the transmit

After data is written to the transmit buffer when TSC=1, 0.5 to 1.5 cycles of the data shift cycle is necessary until changing to TSC=0.

RBF=1

Fig. 23 Operation of UART serial I/01 function

[Serial /01 Control Register (SIO1CON)]
001A1s6

The serial 1/01 control register consists of eight control bits for the
serial 1/O function.

[UART Control Register (UARTCON)] 001B 16
The UART control register consists of four control bits (bits 0 to 3)
which are valid when asynchronous serial I/O is selected and set
the data format of an data transfer and one bit (bit 4) which is al-
ways valid and sets the output structure of the P45/TxD pin.

[Serial I/01 Status Register (SIO1STS)]
001916

The read-only serial 1/01 status register consists of seven flags
(bits 0 to 6) which indicate the operating status of the serial I/O
function and various errors.

Three of the flags (bits 4 to 6) are valid only in UART mode.

The receive buffer full flag (bit 1) is cleared to “0” when the receive
buffer register is read.

If there is an error, it is detected at the same time that data is
transferred from the receive shift register to the receive buffer reg-
ister, and the receive buffer full flag is set. A write to the serial /01
status register clears all the error flags OE, PE, FE, and SE (bit 3
to bit 6, respectively). Writing “0” to the serial 1/01 enable bit SIOE
(bit 7 of the serial I/O control register) also clears all the status
flags, including the error flags.

Bits 0 to 6 of the serial I/O1 status register are initialized to “0” at
reset, but if the transmit enable bit (bit 4) of the serial /01 control
register has been set to “1”, the transmit shift completion flag (bit
2) and the transmit buffer empty flag (bit 0) become “1”.

[Transmit Buffer Register/Receive Buffer
Register (TB/RB)] 0018 16

The transmit buffer register and the receive buffer register are lo-
cated at the same address. The transmit buffer is write-only and
the receive buffer is read-only. If a character bit length is 7 bits, the
MSB of data stored in the receive buffer is “0”.

[Baud Rate Generator (BRG)] 001C 16

The baud rate generator determines the baud rate for serial trans-
fer.

The baud rate generator divides the frequency of the count source
by 1/(n + 1), where n is the value written to the baud rate genera-
tor.

‘ MITSUBISHI
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Wﬂ_ﬁ (Sselgallsll_g)sl :S;?:itcljjrsegigoi%% ) [Lﬂ[_]—]_[—[—ﬂ% Serial /01 control register

[

Transmit buffer empty flag (TBE)

0: Buffer full
1: Buffer empty

Receive buffer full flag (RBF)
0: Buffer empty
1: Buffer full

Transmit shift completion flag (TSC)

0: Transmit shift in progress
1: Transmit shift completed

Overrun error flag (OE)
0: No error
1: Overrun error

Parity error flag (PE)
0: No error
1: Parity error

Framing error flag (FE)
0: No error
1: Framing error

Summing error flag (SE)
0: (OE) U (PE) U (FE)=0
1: (OE) U (PE) U (FE)=1

Not used (returns “1” when read)

[QI—[—[—[—[—[—I'% UART control register

(UARTCON : address 001B 16)

Character length selection bit (CHAS)
0: 8 bits
1: 7 bits

Parity enable bit (PARE)
0: Parity checking disabled
1: Parity checking enabled

— Parity selection bit (PARS)

0: Even parity
1: Odd parity

Stop bit length selection bit (STPS)
0: 1 stop bit
1: 2 stop bits

P4s/TxD P-channel output disable bit (POFF)
0: CMOS output (in output mode)
1: N-channel open drain output (in output mode)

Not used (return “1” when read)

(SIO1CON : address 001A 16)

BRG count source selection bit (CSS)
0: f(XIN) (f(XcIN) in low-speed mode)
1: f(XiN)/4 (f(XcIN)/4 in low-speed mode)

Serial 1/01 synchronous clock selection bit (SCS)

0: BRG output divided by 4 when clock synchronous
serial I/O is selected, BRG output divided by 16
when UART is selected.

: External clock input when clock synchronous serial
1/0 is selected, external clock input divided by 16
when UART is selected.

[Ey

SRDY1 output enable bit (SRDY)
0: P47 pin operates as ordinary 1/0O pin
1: P47 pin operates as SRpy1 output pin

Transmit interrupt source selection bit (TIC)
0: Interrupt when transmit buffer has emptied
1: Interrupt when transmit shift operation is completed

Transmit enable bit (TE)
0: Transmit disabled
1: Transmit enabled

Receive enable bit (RE)
0: Receive disabled
1: Receive enabled

Serial I/01 mode selection bit (SIOM)
0: Clock asynchronous (UART) serial /0
1: Clock synchronous serial I/0

Serial 1/01 enable bit (SIOE)
0: Serial I/O disabled

(pins P44 to P47 operate as ordinary /O pins)
1: Serial I/O enabled

(pins P44 to P47 operate as serial 1/0 pins)

Fig. 24 Structure of serial /01 control registers

28

‘ MITSUBISHI
AV N ELECTRIC




MITSUBISHI MICROCOMPUTERS

3886 Group

e o
\\go‘“ew SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

Serial 1102

The serial 1/02 function can be used only for clock synchronous

b7

bo
Serial 1/02 control register

serial /0.

For clock synchronous serial I/0 the transmitter and the receiver
must use the same clock. If the internal clock is used, transfer is
started by a write signal to the serial 1/02 register.

[Serial 1/02 Control Register (SIO2CON)]
001D1s6

The serial 1/02 control register contains seven bits which control
various serial I/O functions.

(SIO2CON : address 001D16)

Internal synchronous clock selection bits
b2 bl b0

0 0 0: f(XiN)/8 (f(XciN)/8 in low-speed mode)

0 0 1: f(XiN)/16 (f(XcIN)/16 in low-speed mode)

0 1 0: f(XiN)/32 (f(XcIN)/32 in low-speed mode)

0 1 1: f(XiN)/64 (f(XcIN)/64 in low-speed mode)
11 0: f(Xin)/128 (f(Xcin)/128 in low-speed mode)
11 1: f(XiN)/256 (f(XcIN)/256 in low-speed mode)

Serial 1/02 port selection bit
0: /0 port
1: Soutz,ScLkz2 signal output

SRDY2 output enable bit

0: 1/0 port
1: SrRpY2 signal output

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

Serial 1/02 synchronous clock selection bit
0: External clock
1: Internal clock

Comparator reference input selection bit
0: POo/P3REF input
1: Reference input fixed

Fig. 25 Structure of serial 1/02 control register

Internal synchronous
18 clock selection bits
Xen O—
“10” Data bus
Main clock divide ratio
selection bits (Note)
“00"
xn O—— 01"
P73 latch
Serial 1/02 synchronous
ol clock selection bit «»
P73/Sroy2 SRDY2__[Synchronization o
/INT21 “1" circuit
SRDY2 output enable bit & “0”
3
9| External clock
P72 latch
“Q
P72/ScLke O— ¥ ;
ugn O I Serial I/O counter 2 (3) Ii - ﬁ:tee”r?huﬂi uest
Serial 1/02 port selection bit ptreq
P71latch
“gr
P71/Sout2 O
wqr
Serial 1/02 port selection bit
proisne O ~|  Serial VO register (8)
L4
Note: These are assigned to bits 7 and 6 of the CPU mode register (address 003B 16).
These bits select any of the high-speed mode, the middle-speed mode, and the low-speed mode.

Fig. 26 Block diagram of serial 1/02 function
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Transfer clock (Note 1) L 1 1 1 1 |
Serial 1/02 register

write signal
: : (Note 2)
Serial /02 output  Sout2 E X Do D1 XDl X ps X b4 X D5 X _Ds X _ iD7
5 ) i
Serial 1/02 input Sinz X X X X X1 X

Receive enable signal Sroy2 |_,

Y

Serial 1/02 interrupt request bit set

Notes 1: When the internal clock is selected as the transfer clock, the divide ratio can be selected by setting bits 0 to 2 of the serial
1/02 control register.

2: When the internal clock is selected as the transfer clock, the SouT2 pin goes to high impedance after transfer completion.

Fig. 27 Timing of serial 1/02 function
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PULSE WIDTH MODULATION (PWM) The following explanation assumes f(XIN) = 8 MHz.
OUTPUT CIRCUIT

The 3886 group has two PWM output circuits, PWMO0 and PWM1,

with 14-bit resolution respectively. These can operate indepen-

dently. When the oscillation frequency XiNn is 10 MHz, the

minimum resolution bit width is 200 ns and the cycle period is

3276.8 ps. The PWM timing generator supplies a PWM control

signal based on a signal that is the frequency of the XiN clock.

Data Bus

Set to “1”

( ) PWMOL register (address 003116)
at write T

bit 0

bit 0

PWMOH register
K (address 003016)

<
<

PWMO latch (14 bits, |

MSB

LSB

P3o latch

P30/PWMoo

PWMo

14-bit PWMO circuit

0
PWMo enable bit

A

PWMo output selection bit

PWMO (64 ps period) PWMo enable bit
foxn) O 12 timing -
(8MHz) (4MHz) generator (4096 ps period) P30 direction register
P56 latch

P56/DA1/PWMo1

PWMo enable bit

PWMo output selection bit
PWMo enable bit
P5e direction register-

Fig. 28 PWM block diagram (PWMO)
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Data Setup (PWMO)

The PWMO output pin also functions as port P30 or P56. The
PWMO output pin is selected from either P30/PWMoo or
P56/PWMo1 by bit 4 of the AD/DA control register (address
003416).

The PWMO output becomes enabled state by setting bit 6 of the
port control register 1 (address 002E16). The high-order eight bits
of output data are set in the PWMOH register (address 003016)
and the low-order six bits are set in the PWMOL register (address
003116).

PWM1 is set as the same way.

PWM Operation

The 14-bit PWM data is divided into the low-order six bits and the
high-order eight bits in the PWM latch.

The high-order eight bits of data determine how long an “H"-level
signal is output during each sub-period. There are 64 sub-periods
in each period, and each sub-period is 256 [J 1 (64 us) long. The
signal is “H” for a length equal to N times 1, where T is the mini-

Table 7 Relationship between low-order 6 bits of data and
period set by the ADD bit

mum resolution (250 ns).

“H” or “L” of the bit in the ADD part shown in Figure 30 is added to
this “H” duration by the contents of the low-order 6-bit data accord-
ing to the rule in Table 7.

That is, only in the sub-period tm shown by Table 7 in the PWM
cycle period T = 64t, its “H” duration is lengthened to the minimum
resolution T added to the length of other periods.

For example, if the high-order eight bits of the 14-bit data are 0316
and the low-order six bits are 0516, the length of the “H"-level out-
put in sub-periods ts, t24, t32, t40, and ts6 is 4 1, and its length is 3
T in all other sub-periods.

Time at the “H” level of each sub-period almost becomes equal,
because the time becomes length set in the high-order 8 bits or
becomes the value plus T, and this sub-period t (= 64 ps, approxi-
mate 15.6 kHz) becomes cycle period approximately.

Transfer From Register to Latch

Data written to the PWML register is transferred to the PWM latch
at each PWM period (every 4096 ps), and data written to the
PWMH register is transferred to the PWM latch at each sub-period
(every 64 ps). The signal which is output to the PWM output pin is

P TE—— - corresponding to the contents of this latch. When the PWML regis-
Ororers s o aa(LSB )| Sub-periods tm Lengthened (m=0 to 63) ter is read, the latch contents are read. However, bit 7 of the
000000 None PWML register indicates whether the transfer to the PWM latch is
000001 m=32 completed; the transfer is completed when bit 7 is “0” and it is not
000010 m=16, 48 done when bit 7 is “1.”
000100 m=8, 24, 40, 56
001000 m=4, 12, 20, 28, 36, 44, 52, 60
010000 m=2, 6, 10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62
100000 57,59, 61,63
4096 ps
64 us 64 us 64 ps 64 us 64 us
m=0 m=7 m=8 m=9 m=63
> e > > [ > [ > e > > e
15.75 ps 15.75 ps 15.75 ps 16.0 ps 15.75 ps 15.75 ps 15.75 pys
Pulse width modulation register H : 00111111
Pulse width modulation register L : 000101
Sub-periods where “H” pulse width is 16.0 ps : _
Sub-periods where “H” pulse width is 15.75 ps : m ; 2“20‘;}’]933\’/:'?]’958’6

Fig. 29 PWM timing
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Data 6A16 stored at address 003016 Data 7Bu16 stored at address 003016
PWMOH
register 5916 ! 6A16 Y 7B1s
Data 2416 sto}ed at address 003116 Bit 7 cleared after transfer Data 3516 stored at address 003116
re
P:Ievg'\glér 1316 ‘ Adie N ; 2416 ‘ b 3516
‘ Transfer from register to latch 3516/4 )Transfer from register to latch

PWMO latch ‘ 165316 ‘ 1a9316 \\ 1AA416 ‘ 1AA416 ‘ \ 1eE416 q 1EF516

(14bits)

_ When bit 7 of PWMOL is 0, transfer
T = 4096 s | from register to latch is disabled.
(64 0 64 ps) ‘
/,,////// t=e4ps TTTe—— —

Examplel  eA 6B 6A 6B 6A 6B 6A 6B 6A 6B 6B 6B 6A 6B 6A 6B 6A 6B 6A

PWMo output

PWMo output

low-order

6-bit output:

(fan e
6A16, 1816

low-order
6-bit output: 5 5 5 5 5 ° 5 5 5
(6, 2610)
6A16, 2416 6B16 oo 36 times BALE oo 28times 05 6a 436
(107) (106)
Example2  6n |6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A

106 0 64 + 24

6B 6A 6B 6A 6B 6A |6B 6A

6A 6B 6A 6B 6A 6B BHA 6A

————— T t=64ps 0 T — |
(256 O 0.25 ps)
Minimum resolution bit width| T =0.25 ps
PWM output . 6A 69 68 67 02 01 6A 69 68 67 02 01
@ ADD ADD
8-bit {02 101 00 |FF 'FE . FD FC | 97 196 195 | {0201 00 |FF {EE FD EC | - 97 196 195 |
counter : : L . . . . . ; ; ; ; ; ; ; ;

The ADD
portions with
additional T are
determined by
PWML.

H duration length specified by PWMOH

256 1 (64 ps), fixed

Y 1

Fig. 30 14-bit PWM timing (PWM o)
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BUS INTERFACE

The 3886 group has a 2-byte bus interface function which is al-
most functionally equal to MELPS8-41 series and the control
signal from the host CPU side can operate it (slave mode).

It is possible to connect the 3886 group with the RD and WR
separated CPU bus directly. Figure 33 shows the block diagram of
the bus interface function.

The data bus buffer function 1/0 pins (P42, P43, P46, P47, P50—
P53, P8) also function as the normal digital port I/O pins. When bit
0 (data bus buffer enable bit) of the data bus buffer control regis-
ter (address 002A16) is “0,” these pins become the normal digital
port I/O pins. When it is “1,” these bits become the data bus buffer
function I/O pins.

The selection of either the single data bus buffer mode, which
uses 1 byte: data bus buffer 0 only, or the double data bus buffer
mode, which uses 2 bytes: data bus buffer 0 and data bus buffer
1, is performed by bit 1 (data bus buffer function selection bit) of
the data bus buffer control register (address 002A16). Port P47 be-
comes S1 input in the double data bus buffer mode. When data is
written from the host CPU side, an input buffer full interrupt oc-
curs. When data is read from the host CPU, an output buffer
empty interrupt occurs. This microcomputer shares two input
buffer full interrupt requests and two output buffer empty interrupt
requests as shown in Figure 31, respectively.

Input buffer

Rising edge
full flag 0  IBFo

detection circuit

One-shot pulse
generating circuit

Input buffer full interrupt

Rising edge

Input buffer  edge
detection circuit

full flagl IBF1

One-shot pulse
generating circuit

request signal IBF

Rising edge
detection circuit

Output buffer >
full flag O OBFo OBEo

One-shot pulse
generating circuit

Output buffer empty interrupt

Rising edge
detection circuit

Output buffer
full flag 1 OBF1
OBE1

One-shot pulse
generating circuit

request signal OBE

IBFO ———

IBF1

A A

IBF

— O~ Interrupt request is set at this rising edge

OBFo A
(OBEO0)

OBF1 | A
(OBE1) | |

A A

OBE

& Interrupt request is set at this rising edge

Fig. 31 Interrupt request circuit of data bus buffer
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b7

b0

b7

b0

b7

b0

Data bus buffer control register
(DBBCON : address 002A 16)

Data bus buffer enable bit

0 : P50-P53, P8 1/O port

1: Data bus buffer enabled
Data bus buffer function selection bit

0 : Single data bus buffer mode (P4 7 functions as I/O port.)

1 : Double data bus buffer mode (P4 7 functions S1 input.)
OBFo output selection bit

0 : OBFoo valid

1: OBFo1 valid
OBFoo output enable bit

0 : P42 functions as port 1/O pin.

1 : P42 functions as OBFoo output pin.
OBFo1 output enable bit

0 : P43 functions as port 1/O pin.

1 : P43 functions as OBFo1 output pin.
OBF10 output enable bit

0 : P46 functions as port 1/O pin.

1 : P4s functions as OBF 10 output pin.
Input level selection bit

0 : CMOS level input

1:TTL level input
Reserved

Do not write “1” to this bit.

Data bus buffer status register 0
(DBBSTSO : address 0029 16)

Output buffer full flag 0 (OBFo0)
0 : Buffer empty
1 : Buffer full
Input buffer full flag O (IBF o)
0 : Buffer empty
1 : Buffer full
User definable flag (Uo02)
This flag can be defined by user freely.
AOo flag (AOo0)
This flag indicates the condition of AQ o status
when the IBFo flag is set.
User definable flag (Uo04—-Uo7)
This flag can be defined by user freely.

Data bus buffer status register 1
(DBBSTSL1 : address 002C 16)

Output buffer full flag 1 (OBF 1)
0 : Buffer empty
1 : Buffer full
Input buffer full flag 1 (IBF1)
0 : Buffer empty
1 : Buffer full
User definable flag (U12)
This flag can be defined by user freely.
AO01 flag (AO1)
This flag indicates the condition of AO 1 status
when the IBF1 flag is set.
User definable flag (U14-U17)
This flag can be defined by user freely.

Fig. 32 Structure of bus interface related register
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(Address 002A16) | b7 | be | bs | ba | bs | b2 | b1 |b0 |

P42/INTo/OBFoo0 O ( °<] ?
P43/INT1/OBFo1 O { 1

P50/A0 O

P51/INT20/S0O—

P52/INT30/R O

P53/INT40/W O |

ey

v v v v v v [ v[[address00291s)
~— Uo7 | Uos | uos | Uos | AGo | uoz | 1BFo [0BFo
[T T T 7T i ] [ [ \
P8o/DQo © «I Output data bus buffer 0 |<
(Address 002816) | iDi
P81/DQ1 O [
I_/ %
P82/DQ2 O WH Dﬁ =
ﬂ Input data bus buffer 0 I DBBSTSO g
3 ) I
> c
P83/DQ3 O a (Address 002816) . DBBO 5
g 1S
2
P84/DQ4 O 2] RD DBB1 D
Input data bus buffer 1 l N
P85/DQs O : | |we |DEBST ’Dl
(Address 002B16)
P86/DQs O ‘ '4D L
| I ) S
P87/DQ7 O ~| Output data bus buffer 1 |<
(Addre'ss 002B16) ‘ | ‘ ‘ ‘
I Y O \ [T \
—{ U7 | U | Uss | uia | A0i| Us2 [ 1BF1 [0BR
% K3 %] 7y (Address 002C1s6)

P47/SRDV1/§1©$D

P46/ScLk1/OBF10 O

Fig. 33 Bus interface device block diagram
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[Data Bus Buffer Status Register 0, 1
(DBBSTSO0, DBBSTS1)] 0029 16, 002C16
The data bus buffer status register 0, 1 consist of eight bits.
Bits 0, 1, and 3 are read-only bits and indicate the condition of the
data bus buffer. Bits 2, 4, 5, 6, and 7 are user definable flags
which can be set by program, and can be read/written. This regis-
ter can be read from the host CPU when the Ao pin is set to “H”
only.
*Bit 0: Output buffer full flag OBF 0, OBF1
When writing data to the output data bus buffer, these flags are
set to “1”. When reading the output data bus buffer from the host
CPU, these flags are cleared to “0”.
«Bit 1: Input buffer full flag IBF o, IBF1
When writing data from the host CPU to the input data bus
buffer, these flags are set to “1”. When reading the input data
bus buffer from the slave CPU side, these flags are cleared to
“0”.
*Bit 3: Ao flag A0 0, AO1
When writing data from the host CPU to the input data bus
buffer, the level of the Ao pin is latched.

[Input Data Bus Buffer Register 0, 1 (DBBINO,
DBBIN1)] 0028 16, 002B16

Data on the data bus is latched to DBBIN by writing request from
the host CPU. Data of DBBIN can be read from the data bus
buffer registers (address 002816 or 002B16) on SFR.

[Output Data Bus Buffer Register 0, 1
(DBBOUTO, DBBOUT1)] 0028 16, 002B 16

When writing data to the data bus buffer registers (address 002816
or 002B16) on SFR, data is set to DBBOUT. Data of DBBOUT is
output from the host CPU to the data bus by performing the read-
ing request when the Ao pin is set to “L".

‘ MITSUBISHI
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Table 8 Function description of control I/O pins at bus interface function selected

OBFoo OBFo1 OBF10 Input

Pin Name output output output /Output Functions
enable bit | enable bit | enable bit

A o Chip select input
P475§¢TDY1 S1 - - - Input This is used for selecting the data bus buffer and is

selected at “L” level.

Address input

This is used for selecting DBBSTS and DBBOUT
P50/A0 Ao - - - Input when the host CPU is read.

This is used for distinguishing command from data
when writing to the host CPU.

Chip select input

P51/INT20 So - - - Input This is used for selecting the data bus buffer and is

/So up
selected at “L” level.

P52/INT30 R _ _ _ Inout This is a timing signal for reading data from the
/R P data bus buffer to the host CPU.

P53/INT40 W _ _ _ Output | This is a timing signal for writing data to the data
W p bus buffer by the host CPU.

P42/INTo Status output signal
/OBFo0 OBF00 1 0 0 Output OBFo00 signal is output.

P43/INT1 Status output signal
/OBFo1 OBFO1 0 1 0 Output OBFo1 signal is output.

P46/ScLk1 Status output signal
/OBF10 OBF10 0 0 1 Output OBF10 signal is output.
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MULTI-MASTER 12C-BUS INTERFACE

The multi-master 12C-BUS interface is a serial communications cir-
cuit, conforming to the Philips I2C-BUS data transfer format. This
interface, offering both arbitration lost detection and a synchro-
nous functions, is useful for the multi-master serial
communications.

Figure 34 shows a block diagram of the multi-master 12C-BUS in-
terface and Table 9 lists the multi-master 12C-BUS interface
functions.

This multi-master 12C-BUS interface consists of the 12C address
register, the 12C data shift register, the 12C clock control register,
the I2C control register, the I2C status register, the 12C start/stop
condition control register and other control circuits.

When using the multi-master 12C-BUS interface, set 1 MHz or
more to @.

Table 9 Multi-master | 2C-BUS interface functions

Item Function
In conformity with Philips 12C-BUS
standard:
10-bit addressing format
Format 7-bit addressing format

High-speed clock mode
Standard clock mode

In conformity with Philips 12C-BUS
standard:

Master transmission

Master reception

Slave transmission

Slave reception

16.1 kHz to 400 kHz (at ¢= 4 MHz)
20.2 kHz to 312.5 kHz (at @ = 5 MHz)

Communication mode

ScL clock frequency

System clock ¢ = f(XIN)/2 (high-speed mode)
¢ = f(XIN)/8 (middle-speed mode)

b7 12C address register b0
Interrupt Interrupt request signal |SAD6 |SAD5 |SAD4 SAD3 [sAD2 | sAD1 [sADO | RBW Interrupt Interrupt request signal
generating [—>(SctSpalRQ) generating [—> (12CIRQ)
circuit Di i i lﬁ l l l i circuit
T T T T T Ii
Address comparator
LCOTESS Comperatoy <
Serial data Noise Data T T T T ‘ ‘ T T T T
(SpA) (e elimination control b7 . . . . . b?
circuit circuit <—| 12C data shift register
- octa SAT reere b7 ] b0
So
AL |AAS|ADO|LRB
S2D MST[TRX| BB |PIN
STS AL
SIS | SIp |ssc4 Ssc3 ssc2|5501|ssco| > i
| SEIj 5] circuit S1 T 12C status register
12C start/stop condition
control register ‘
\ Internal data bus (
L»] BB
l . circuit
Serial 12C clock control register
clock Noise Clock ‘ S1D
(Sev) o elimination| > control b7 b0 b7 bo
circuit circuit < ACK | ';(I:_I'f ;gﬁg CCR4 |cCR3 |ccr2 |ccr1 |ccro Tiss g#é 1SO§IDT ALS | ESO| BC2 | BC1 | BCO|
S2 [ I | I ]
? 12C clock control register ‘L
T I Clock division |<—|smp se|ect.on|<—sy5tem clock (@)

Fig. 34 Block diagram of multi-master |  2C-BUS interface

0 : Purchase of MITSUBISHI ELECTRIC CORPORATIONS I2C components conveys a license under the Philips 12C Patent Rights to use these components
an 12C system, provided that the system conforms to the I12C Standard Specification as defined by Philips.
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[I12C Data Shift Register (S0)] 0012 16
The I2C data shift register (SO : address 001216) is an 8-bit shift 7 0
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 Read/write bit
shifted by one bit to the left. When data is received, it is input to
this register from bit 0 in synchronization with the ScL clock, and
each time one-bit data is input, the data of this register are shifted
by one bit to the left. The minimum 2 machine cycles are required
from the rising of the ScL clock until input to this register. Fig. 35 Structure of | 2C address register
The I12C data shift register is in a write enable status only when the

12C-BUS interface enable bit (ESO bit : bit 3 of address 1516) of

the 12C control register is “1.” The bit counter is reset by a write in-

struction to the 12C data shift register. When both the ESO bit and

the MST bit of the 12C status register (address 001416) are “1,” the

ScL is output by a write instruction to the I2C data shift register.

Reading data from the 12C data shift register is always enabled re-

gardless of the ESO bit value.

12C address register

|SAD6ISAD5|SAD4|SAD3|SAD2|SADlISADOIRBWl (SOD: address 0013 16)

Slave address

[I2C Address Register (SOD)] 0013 16

The I12C address register (address 001316) 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 is detected.

*Bit 0: Read/write bit (RBW)

This is not used in the 7-bit addressing mode. In the 10-bit ad-
dressing mode, the first address data to be received is compared
with the contents (SAD6 to SADO + RBW) of the 12C address reg-
ister.

The RBW bit is cleared to “0” automatically when the stop condi-
tion is detected.

*Bits 1 to 7: Slave address (SADO-SADG6)

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

40 ‘ MITSUBISHI
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[I2C Clock Control Register (S2)] 0016 16

The 12C clock control register (address 001616) is used to set ACK
control, ScL mode and ScL frequency.

*Bits 0 to 4: S cL frequency control bits (CCR0-CCR4)

These bits control the ScL frequency. Refer to Table 10.

*Bit 5: S cL mode specification bit (FAST MODE)

This bit specifies the ScL mode. When this bit is set to “0,” the
standard clock mode is selected. When the bit is set to “1,” the
high-speed clock mode is selected.

When connecting the bus of the high-speed mode 12C bus stan-
dard (maximum 400 kbits/s), use 8 MHz or more oscillation
frequency f(XIN) and 2 division main clock.

*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 selected and
SDA goes to “L" at the occurrence of an ACK clock. When the bit
is set to “1,” the ACK non-return mode is selected. The SDA is
held in the “H” status at the occurrence of an ACK clock.

However, when the slave address agree with the address data in
the reception of address data at ACK BIT = “0,” the SDA is auto-
matically made “L” (ACK is returned). If there is a disagreement
between the slave address and the address data, the SDA is auto-
matically made “H” (ACK is not returned).

UACK clock: Clock for acknowledgment

*Bit 7: ACK clock bit (ACK)

This bit specifies the mode of acknowledgment which is an ac-
knowledgment response of data transfer. When this bit is set to
“0,”the no ACK clock mode is selected. In this case, no ACK clock
occurs after data transmission. When the bit is set to “1,” the ACK
clock mode is selected and the master generates an ACK clock
each completion of each 1-byte data transfer. The device for
transmitting address data and control data releases the SDA at
the occurrence of an ACK clock (makes 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 transfer. If
data is written during transfer, the 12C clock generator is reset, so
that data cannot be transferred normally.

b7 b0

ACK
BIT

FAST

12C clock control register
MODE

(S2 : address 0016 16)

ACK CCR4

CCR3| CCR2 | CCR1 [ CCRO

ScL frequency control
bits
Refer to Table 10.

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

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

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

Fig. 36 Structure of | 2C clock control register

Table 10 Set values of | 2C clock control register and S cL

frequency
Setting value of ScL frequency
CCR4-CCRO (at =4 MHz, unit : kHz) (Note 1)
CCR4|CCR3|CCR2 |cCRe [ccRo| Standard clock High-speed clack
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 — (Note 2) 333
0|0 1 0 0 — (Note 2) 250
0 0 1 0 1 100 400 (Note 3)
0 0 1 1 0 83.3 166
500/CCR value | 1000/CCR value
(Note 3) (Note 3)
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 32.3

Notes 1: Duty of ScL clock output is 50 %. The duty becomes 35 to 45 %
only when the high-speed clock mode is selected and CCR value
=5 (400 kHz, at ¢ = 4 MHz). “H” duration of the clock fluctuates
from —4 to +2 machine cycles in the standard clock mode, and
fluctuates from -2 to +2 machine cycles in the high-speed clock
mode. In the case of negative fluctuation, the frequency does not
increase because “L” duration is extended instead of “H” duration
reduction.

These are value when ScL clock synchronization by the synchro-
nous function is not performed. CCR value is the decimal
notation value of the ScL frequency control bits CCR4 to CCRO.
2: Each value of ScL frequency exceeds the limit at ¢ = 4 MHz or
more. When using these setting value, use @ of 4 MHz or less.
3: The data formula of ScL frequency is described below:
@/(8 O CCR value) Standard clock mode
@/(4 O CCR value) High-speed clock mode (CCR value # 5)
@/(2 O CCR value) High-speed clock mode (CCR value = 5)
Do not set 0 to 2 as CCR value regardless of ¢ frequency.
Set 100 kHz (max.) in the standard clock mode and 400 kHz
(max.) in the high-speed clock mode to the ScL frequency by set-
ting the ScL frequency control bits CCR4 to CCRO.

4 MITSUBISHI "
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[I12C Control Register (S1D)] 0015 16

The 12C control register (address 001516) controls data communi-

cation format.

*Bits 0 to 2: Bit counter (BC0-BC2)

These bits decide the number of bits for the next 1-byte data to be

transmitted. The I12C interrupt request signal occurs immediately

after the number of count specified with these bits (ACK clock is

added to the number of count when ACK clock is selected by ACK

bit (bit 7 of address 001616)) have been transferred, and BCO to

BC2 are returned to “0002".

Also when a START condition is received, these bits become

“0002” and the address data is always transmitted and received in

8 bits.

«Bit 3: | 2C interface enable bit (ES0)

This bit enables to use the multi-master 12C BUS interface. When

this bit is set to “0,” the use disable status is provided, so that the

SDA and the ScL become high-impedance. When the bit is set to

“1,” use of the interface is enabled.

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

«PIN =1, BB =“0" and AL = “0” are set (which are bits of the I2C
status register at address 001416 ).

« Writing data to the I2C data shift register (address 001216) is dis
abled.

*Bit 4: Data format selection bit (ALS)

This bit decides whether or not to recognize slave addresses.

When this bit is set to “0,” the addressing format is selected, so

that address data is recognized. When a match is found between

a slave address and address data as a result of comparison or

when a general call (refer to “(5) 12C Status Register” bit 1) is re-

ceived, transfer processing can be performed. When this bit is set

to “1,” the free data format is selected, so that slave addresses are

not recognized.

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

This bit selects a slave address specification format. When this bit

is set to “0,” the 7-bit addressing format is selected. In this case,

only the high-order 7 bits (slave address) of the 12C address regis-

ter (address 001316) are compared with address data. When this

bit is set to “1,” the 10-bit addressing format is selected, and all

the bits of the 12C address register are compared with address

data.

*Bit 6: System clock stop selection bit (CLKSTP)

When executing the WIT or STP instruction, this bit selects the

condition of system clock provided to the multi-master 12C-BUS in-

terface. When this bit is set to “0,” system clock and operation of

the multi-master 12C-BUS interface stop by executing the WIT or

STP instruction.

When this bit is set to “1,” system clock and operation of the multi-

master 12C-BUS interface do not stop even when the WIT

instruction is executed.

When the system clock stop selection bit is “1,” do not execute the

STP instruction.

«Bit 7: 1 2C-BUS interface pin input level selection bit

This bit selects the input level of the ScL and SDA pins of the multi-

master 12C-BUS interface.

12C control register
(S1D : address 001516)

CLK |108BIT
Tiss [SHK 1S |ALs | Eso| BC2| BCafBC

(=}

Bit counter (Number of
transmit/receive bits)
b2 bl bO

RPRrRrRPROOOO
PRrOORROO
RrORrORORO
PNWD OO~ ©

I12C-BUS interface
enable bit

0 : Disabled

1: Enabled

Data format selection bit
0 : Addressing format
1 : Free data format

Addressing format
selection bit
0 : 7-bit addressing
format
1 : 10-bit addressing
format

System clock stop
selection bit
0 : System clock stop
when executing WIT
or STP instruction
1: Not system clock
stop when executing
WIT instruction
(Do not use the STP
instruction.)

12C-BUS interface pin input
level selection bit

0 : CMOS input

1: SMBUS input

Fig. 37 Structure of | 2C control register
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[I12C Status Register (S1)] 0014 16

The 12C status register (address 001416) controls the 12C-BUS in-
terface status. The low-order 4 bits are read-only bits and the
high-order 4 bits can be read out and written to.

Set “00002” to the low-order 4 bits, because these bits become the
reserved bits at writing.

*Bit 0: Last receive bit (LRB)

This bit stores the last bit value of received data and can also be
used for ACK receive confirmation. If ACK is returned when an
ACK clock occurs, the LRB bit is set to “0.” If ACK is not returned,
this bit is set to “1” Except in the ACK mode, the last bit value of
received data is input. The state of this bit is changed from “1” to
“0” by executing a write instruction to the 12C data shift register
(address 001216).

*Bit 1: General call detecting flag (ADO)

When the ALS bit is “0,” this bit is set to “1” when a general callU
whose address data is all “0” is received in the slave mode. By a
general call of the master device, every slave device receives con-
trol data after the general call. The ADO bit is set to “0” by
detecting the STOP condition or START condition, or reset.

OGeneral call: The master transmits the general call address “0016” to all
slaves.

*Bit 2: Slave address comparison flag (AAS)

This flag indicates a comparison result of address data when the

ALS bit is “0”.

0 In the slave receive mode, when the 7-bit addressing format is
selected, this bit is set to “1” in one of the following conditions:

- The address data immediately after occurrence of a START
condition agrees with the slave address stored in the high-or-
der 7 bits of the 12C address register (address 001316).

- A general call is received.

O In the slave reception mode, when the 10-bit addressing format
is selected, this bit is set to “1” with the following condition:

- When the address data is compared with the 12C address reg-
ister (8 bits consisting of slave address and RBW bit), the first
bytes agree.

O This bit is set to “0” by executing a write instruction to the 12C
data shift register (address 001216) when ESO is set to “1” or
reset.

«Bit 3: Arbitration lost U 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 immediately after transmission of the byte whose arbitration
was lost is completed, the MST bit is set to “0.” The arbitration lost
can be detected only in the master transmission mode. When ar-
bitration is lost during slave address transmission, the TRX bit is
set to “0” and the reception mode is set. Consequently, it becomes
possible to detect the agreement of its own slave address and ad-
dress data transmitted by another master device.

DArbitration lost : The status in which communication as a master is dis-
abled.

*Bit 4: | 2C-BUS interface interrupt request bit (PIN)
This bit generates an interrupt request signal. Each time 1-byte
data is transmitted, 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 39 shows an interrupt request
signal generating timing chart.

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

- Executing a write instruction to the 12C data shift register (ad-
dress 001216). (This is the only condition which the prohibition of
the internal clock is released and data can be communicated ex-
cept for the start condition detection.)

* When the ESO bit is “0”

* At reset

* When writing “1” to the PIN bit by software

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

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

* Immediately after completion of 1-byte data reception

* In the slave reception mode, with ALS ="“0" and immediately af-
ter completion of slave address agreement or general call
address reception

« In the slave reception mode, with ALS =“1" and immediately af-
ter completion of address data reception

*Bit 5: Bus busy flag (BB)

This bit indicates the status of use of the bus system. When this

bit is set to “0," this bus system is not busy and a START condition

can be generated. The BB flag is set/reset by the ScL, Spa pins in-
put signal regardless of master/slave. This flag is set to “1” by
detecting the start condition, and is set to “0” by detecting the stop
condition. The condition of these detecting is set by the start/stop
condition setting bits (SSC4-SSCO) of the I2C start/stop condition
control register (address 001716). When the ESO bit (bit 3) of the

I2C control register (address 001516) is “0” or reset, the BB flag is

setto “0.”

For the writing function to the BB flag, refer to the sections

“START Condition Generating Method” and “STOP Condition Gen-

erating Method” described later.
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*Bit 6: Communication mode specification bit (transfer direc-
tion specification bit: TRX)
This bit decides a direction of transfer for data communication.

b7 b0

|MST TRXI BB IPIN I AL IAAS IADOILRB

12C status register
(S1: address 001416)

When this bit is “0,” the reception mode is selected and the data of
a transmitting device is received. When the bit is “1,” the transmis- Last receive bit (Note)
sion mode is selected and address data and control data are 0: Last bit ="0"
output onto the SpA in synchronization with the clock generated on 1: Lastbit ="1"
thg SC_L'_ General call detecting flag
This bit is set/reset by software and hardware. About set/reset by (Note)
hardware is described below. This bit is set to “1” by hardware 0 : No general call detected
when all the following conditions are satisfied: 1: General call detected
* When ALS is “0”
« In the slave reception mode or the slave transmission mode 7(3,\"%‘;2)“&955 comparison flag
* When the R/W bit reception is “1” 0 : Address disagreement
This bit is set to “0” in one of the following conditions: 1: Address agreement
* When arbitration lost is detected.
« When a STOP condition is detected. 7A’\rlbitration lost detecting flag
. Wheh.wr|t|ng 1 Fo this bit by softwgre is invalid by the START ( (())?elzlot detected

condition duplication preventing function (Note). 1 - Detected
* With MST =“0" and when a START condition is detected.
* With MST = “0" and when ACK non-return is detected. L 12C-BUS interface interrupt
* At reset request bit
«Bit 7: Communication mode specification bit (master/slave 0: Interrupt request issued

specification bit: MST) 1 :\Slgulr;tderrupt request
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 Bus busy flag
condition and a STOP condition generated by the master are re- 0: Bus free
1: Bus busy

ceived, and data communication is performed in synchronization
with the clock generated by the master. When this bit is “1,” the

Communication mode

master is specified and a START condition and a STOP condition specification bits
are generated. Additionally, the clocks required for data communi- 00 : Slave receive_ mode
cation are generated on the SCL. 01 : Slave transmit mode

10 : Master receive mode

This bit is set to “0” in one of the following conditions. 11 : Master transmit mode

* Immediately after completion of 1-byte data transfer when arbi-
tration lost is detected Note: These bit and flags can be read out but cannot
« When a STOP condition is detected. be written. _ 3
« Writing “1” to this bit by software is invalid by the START condi- Write “0" to these bits at writing.
tion duplication preventing function (Note).
At reset Fig. 38 Structure of | 2C status register

Note: START condition duplication preventing function
The MST, TRX, and BB bits is set to “1” at the same time after con-
firming that the BB flag is “0” in the procedure of a START condition
occurrence. However, when a START condition by another master |—| |—|
device occurs and the BB flag is set to “1” immediately after the con- Scu ‘
tents of the BB flag is confirmed, the START condition duplication !
preventing function makes the writing to the MST and TRX bits in- |

valid. The duplication preventing function becomes valid from the PIN
rising of the BB flag to reception completion of slave address.

IICIRQ |_|

Fig. 39 Interrupt request signal generating timing
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START Condition Generating Method

When writing “1” to the MST, TRX, and BB bits of the 12C status
register (address 001416) at the same time after writing the slave
address to the 12C data shift register (address 001216) with the
condition in which the ESO bit of the 12C control register (address
001516) and the BB flag are “0”, a START condition occurs. After
that, the bit counter becomes “0002” and an ScL for 1 byte is out-
put. The START condition generating timing is different in the
standard clock mode and the high-speed clock mode. Refer to
Figure 40, the START condition generating timing diagram, and
Table 11, the START condition generating timing table.

I2C status register

write signal

ScL ‘ | -
_l;f—stﬁ]tquep—f—;fHold time -

SpA — 1 ‘

Fig. 40 START condition generating timing diagram

Table 11 START condition generating timing table

It START/STOP condition Standard High-speed
em ; h .

generating selection bit| clock mode clock mode
Setup ‘0" 5.0 us (20 cycles) | 2.5 ps (10 cycles)
time “1” 13.0 ps (52 cycles) | 6.5 ps (26 cycles)
Hold ‘0" 5.0 us (20 cycles) | 2.5 ps (10 cycles)
time “1” 13.0 ps (52 cycles)| 6.5 ps (26 cycles)

Note: Absolute time at ¢ = 4 MHz. The value in parentheses denotes the
number of @cycles.

STOP Condition Generating Method

When the ESO bit of the I2C control register (address 001516) is
“1,” write “1” to the MST and TRX bits, and write “0” to the BB bit
of the I12C status register (address 001416) simultaneously. Then a
STOP condition occurs. The STOP condition generating timing is
different in the standard clock mode and the high-speed clock
mode. Refer to Figure 41, the STOP condition generating timing
diagram, and Table 12, the STOP condition generating timing
table.

12C status register

write signal

ScL _l‘ i
»--Setup___Hold time -
- time | :

SbA | R |

Fig. 41 STOP condition generating timing diagram

Table 12 STOP condition generating timing table

START/STOP condition Standard
generating selection bit | clock mode

High-speed

Item clock mode

Setup ‘0" 5.5 ps (22 cycles) | 3.0 ps (12 cycles)
time “1” 13.5 ps (54 cycles)| 7.0 ps (28 cycles)
Hold ‘0" 5.5 ps (22 cycles) | 3.0 ps (12 cycles)
time “1” 13.5 ps (54 cycles)| 7.0 us (28 cycles)

Note: Absolute time at ¢ = 4 MHz. The value in parentheses denotes the
number of @cycles.

START/STOP Condition Detecting Operation

The START/STOP condition detection operations are shown in
Figures 42, 43, and Table 13. The START/STOP condition is set
by the START/STOP condition set bit.

The START/STOP condition can be detected only when the input
signal of the ScL and SpA pins satisfy three conditions: ScL re-
lease time, setup time, and hold time (see Table 13).

The BB flag is set to “1” by detecting the START condition and is
reset to “0” by detecting the STOP condition.

The BB flag set/reset timing is different in the standard clock mode
and the high-speed clock mode. Refer to Table 13, the BB flag set/
reset time.

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

----ScL release time- - -,
| |

F-~%ime -~ --Hold tirqe :
SbA | o
: | BBflag i |
' TTreset T 1
BB flag 1 (N S

Fig. 42 START condition detecting timing diagram

----ScL release time-- -+

Scu — Setup

F--Time ~---Hold time +
SDA . I‘ BB flag | I
i r-reset -,
i | _time [

BBfag — L.

Fig. 43 STOP condition detecting timing diagram

Table 13 START condition/STOP condition detecting conditions

Standard clock mode High-speed clock mode
Sct release time | SCC value + 1 cycle (6.25 ps) | 4 cycles (1.0 us)
Setup time szalue +1cycle <40 (32515) | 2 cycles (1.0 pis)
Hold time %\’aluecycle <4.0ps (3.0ps) | 2cycles (0.5 ps)
BB flag set/ |[SCC value -1 3.5 cycles (0.875 us
resettime | p  * 2 cycles (3.375 ps) | 3.5 cycles (0.875 s)

Note: Unit : Cycle number of system clock ¢
SSC value is the decimal notation value of the START/STOP condi-
tion set bits SSC4 to SSCO. Do not set “0” or an odd number to SSC
value. The value in parentheses is an example when the 12C START/
STOP condition control register is set to “1816” at ¢ = 4 MHz.
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[I2C START/STOP Condition Control Register
(S2D)] 001716

The 12C START/STOP condition control register (address 001716)
controls START/STOP condition detection.

*Bits 0 to 4: START/STOP condition set bit (SSC4-SSCO0)

ScL release time, setup time, and hold time change the detection
condition by value of the main clock divide ratio selection bit and
the oscillation frequency f(XIN) because these time are measured
by the internal system clock. Accordingly, set the proper value to
the START/STOP condition set bits (SSC4 to SSCO) in considered
of the system clock frequency. Refer to Table 13.

Do not set “000002” or an odd number to the START/STOP condi-
tion set bit (SSC4 to SSCO0).

Refer to Table 14, the recommended set value to START/STOP
condition set bits (SSC4-SSCO0) for each oscillation frequency.
*Bit 5: S CL/SDA interrupt pin polarity selection bit (SIP)

An interrupt can occur when detecting the falling or rising edge of
the ScL or SpA pin. This bit selects the polarity of the ScL or SpA
pin interrupt pin.

Bit 6: S CL/SDA interrupt pin selection bit (SIS)

This bit selects the pin of which interrupt becomes valid between

the ScL pin and the SDA pin.

Note: When changing the setting of the ScL/SDA interrupt pin polarity se-
lection bit, the ScL/SDA interrupt pin selection bit, or the I12C-BUS
interface enable bit ESO, the ScL/SDA interrupt request bit may be
set. When selecting the ScL/SDA interrupt source, disable the inter-
rupt before the ScL/SDA interrupt pin polarity selection bit, the Scu/
SDA interrupt pin selection bit, or the 12C-BUS interface enable bit
ESO is set. Reset the request bit to “0” after setting these bits, and
enable the interrupt.

*Bit 7: START/STOP condition generating selection bit
(STSPSEL)

Setup/Hold time when the START/STOP condition is generated

can be selected.

Cycle number of system clock becomes standard for setup/hold

time. Additionally, setup/hold time is different between the START

condition and the STP condition. (Refer to Tables 11 and 12.) Set

“1” to this bit when the system clock frequency is 4 MHz or more.

Address Data Communication

There are two address data communication formats, namely, 7-bit

addressing format and 10-bit addressing format. The respective

address communication formats are described below.

[0 7-bit addressing format
To adapt the 7-bit addressing format, set the 10BIT SAD bit of
the 12C control register (address 001516) to “0.” The first 7-bit
address data transmitted from the master is compared with the
high-order 7-bit slave address stored in the 12C address register
(address 001316). At the time of this comparison, address com-
parison of the RBW bit of the I12C address register (address
001316) is not performed. For the data transmission format
when the 7-bit addressing format is selected, refer to Figure 45,
(1) and (2).

[J 10-bit addressing format

To adapt the 10-bit addressing format, set the 10BIT SAD bit of
the 12C control register (address 001516) to “1” An address
comparison is performed between the first-byte address data
transmitted from the master and the 8-bit slave address stored
in the 12C address register (address 001316). At the time of this
comparison, an address comparison between the RBW bit of
the 12C address register (address 001316) 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 RBW bit
which is the last bit of the address data not only specifies the
direction of communication for control data, but also is pro-
cessed as an address data bit.

When the first-byte address data agree with the slave address,
the AAS bit of the I12C status register (address 001416) is set to
“1.” After the second-byte address data is stored into the 12C
data shift register (address 001216), perform an address com-
parison between the second-byte data and the slave address
by software. When the address data of the 2 bytes agree with
the slave address, set the RBW bit of the I2C address register
(address 001316) to “1” by software. This processing can make
the 7-bit slave address and R/W data agree, which are re-
ceived after a RESTART condition is detected, with the value of
the 12C address register (address 001316). For the data trans-
mission format when the 10-bit addressing format is selected,
refer to Figure 45, (3) and (4).
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b7 b0

sTsp 12C START/STOP condition

il TS | SIP [sscefsscafssczfsscalssco ool register

(S2D : address 001716)

START/STOP condition set bit

ScL/Spa interrupt pin polarity
selection bit

0 : Falling edge active

1: Rising edge active

ScL/Spa interrupt pin selection bit
0: Spa valid
1: ScL valid

START/STOP condition generating
selection bit
0 : Setup/Hold time short mode
1: Setup/Hold time long mode

Fig. 44 Structure of | 2C START/STOP condition control register

Table 14 Recommended set value to START/STOP condition set bits (SSC4-SSCO0) for each oscillation frequency

2:;'3222; Main clock Slystsm ST('?O'TL/E;]OP Scl release time Setup time Hold time
f(XIN) (MHz) divide ratio i'\?lf_'z;p control register (us) (us) (Hs)

10 2 5 XXX11110 6.2 ps (31 cycles) 3.2 ps (16 cycles) 3.0 ps (15 cycles)

8 ) 4 XXX11010 6.75 ps (27 cycles) 3.5 pus (14 cycles) 3.25 ps (13 cycles)
XXX11000 6.25 ps (25 cycles) 3.25 ps (13 cycles) 3.0 ps (12 cycles)

8 8 1 XXX00100 5.0 ps (5 cycles) 3.0 ps (3 cycles) 2.0 ps (2 cycles)

4 ) ) XXX01100 6.5 ps (13 cycles) 3.5 ps (7 cycles) 3.0 ps (6 cycles)
XXX01010 5.5 ps (11 cycles) 3.0 ps (6 cycles) 2.5 ps (5 cycles)

2 2 1 XXX00100 5.0 ps (5 cycles) 3.0 us (3 cycles) 2.0 ps (2 cycles)

Note: Do not set “000002” or an odd number to the START/STOP condition set bit (SSC4 to SSCO).

S |Slave address || RW || A Data A Data |A/A |l P

7 bits ‘0" 1 to 8 bits 1 to 8 bits
(1) A master-transmitter transnmits 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 Y, Slave address _
S | 1st 7 bits RIWI A 1 5nd bytes A | Data | A | Data |AA| P

7 bits “0” 8 bits 1 to 8 bhits 1 to 8 bits
(3) A master-transmitter transmits data to a slave-receiver with a 10-bit address

Slave address| _ — Slave address Slave address

1st 7 bits RIW A 2nd bytes 1st 7 bits RIWH A Data A Data A P

7 bits “0” 8 bits 7 bits “1” 1 to 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
A : ACK bit R/W : Read/Write bit
Sr : Restart condition

Fig. 45 Address data communication format
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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 001316) and “0” into the RBW bit.

[0 Set the ACK return mode and ScL = 100 kHz by setting “8516” in
the 12C clock control register (address 001616).

0 Set “0016” in the 12C status register (address 001416) so that
transmission/reception mode can become initializing condition.

0 Set a communication enable status by setting “0816” in the 12C
control register (address 001516).

0 Confirm the bus free condition by the BB flag of the I2C status
register (address 001416).

O Set the address data of the destination of transmission in the
high-order 7 bits of the 12C data shift register (address 001216)
and set “0” in the least significant bit.

O Set “F016” in the 12C status register (address 001416) to gener-
ate a START condition. At this time, an ScL for 1 byte and an
ACK clock automatically occur.

0 Set transmit data in the 12C data shift register (address 001216).
At this time, an ScL and an ACK clock automatically occur.

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

0 Set “D016” in the I2C status register (address 001416) to gener-
ate a STOP condition if ACK is not returned from slave
reception side or transmission ends.

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.

0 Set a slave address in the high-order 7 bits of the 12C address
register (address 001316) and “0” in the RBW bit.

[0 Set the no ACK clock mode and ScL = 400 kHz by setting “2516”

in the 12C clock control register (address 001616).

0 Set “0016” in the 12C status register (address 001416) so that
transmission/reception mode can become initializing condition.
0 Set a communication enable status by setting “0816” in the 12C

control register (address 001516).

0 When a START condition is received, an address comparison is
performed.

[0 «When all transmitted addresses are “0” (general call):
ADO of the 12C status register (address 001416) is set to “1”
and an interrupt request signal occurs.

* When the transmitted addresses agree with the address set
in0O:

ASS of the I2C status register (address 001416) is set to “1”
and an interrupt request signal occurs.

« In the cases other than the above ADO and AAS of the I2C sta-
tus register (address 001416) are set to “0” and no interrupt
request signal occurs.

O Set dummy data in the I12C data shift register (address 001216).
0 When receiving control data of more than 1 byte, repeat step .
0 When a STOP condition is detected, the communication ends.

m Precautions when using multi-master | 2C-
BUS interface

(1) Read-modify-write instruction

The precautions when the read-modify-write instruction such as

SEB, CLB etc. is executed for each register of the multi-master

I2C-BUS interface are described below.

12C data shift register (SO: address 001216)

When executing the read-modify-write instruction for this regis-

ter during transfer, data may become a value not intended.

I2C address register (SOD: address 001316)

When the read-modify-write instruction is executed for this regis-

ter at detecting the STOP condition, data may become a value

not intended. It is because H/W changes the read/write bit

(RBW) at the above timing.

I2C status register (S1: address 001416)

Do not execute the read-modify-write instruction for this register

because all bits of this register are changed by H/W.

12C control register (S1D: address 001516)

When the read-modify-write instruction is executed for this regis-

ter at detecting the START condition or at completing the byte

transfer, data may become a value not intended. Because H/W

changes the bit counter (BC0-BC2) at the above timing.

12C clock control register (S2: address 001616)

The read-modify-write instruction can be executed for this regis-

ter.

I2C START/STOP condition control register (S2D: address

001716)

The read-modify-write instruction can be executed for this regis-

ter.
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(2) START condition generating procedure using multi-master
1. Procedure example (The necessary conditions of the generat-
ing procedure are described as the following 2 to 5.

LDA —

(Taking out of slave address value)

SEI (Interrupt disabled)

BBS 5, S1, BUSBUSY (BB flag confirming and branch pro-
cess)
BUSFREE:

STA SO (Writing of slave address value)

LDM #$FO, S1 (Trigger of START condition generating)

CLI (Interrupt enabled)
BUSBUSY:

CLI (Interrupt enabled)

2. Use “Branch on Bit Set” of “BBS 5, $0014, —" for the BB flag
confirming and branch process.

3. Use “STA $12, STX $12" or “STY $12" of the zero page ad-
dressing instruction for writing the slave address value to the
[2C data shift register.

4. Execute the branch instruction of above 2 and the store instruc-
tion of above 3 continuously shown the above procedure
example.

5. Disable interrupts during the following three process steps:

* BB flag confirming

* Writing of slave address value

« Trigger of START condition generating

When the condition of the BB flag is bus busy, enable interrupts
immediately.

(3) RESTART condition generating procedure
This cannot be applied when the external memory is used and the
bus cycle is extended by ONW function.

1. Procedure example (The necessary conditions of the generat-
ing procedure are described as the following 2 to 4.)
Execute the following procedure when the PIN bit is “0.”

LDM #$00, S1

(Select slave receive mode)
LDA — (Taking out of slave address value)
SEI (Interrupt disabled)
STA SO (Writing of slave address value)
LDM #$F0, S1 (Trigger of RESTART condition generating)

CLI (Interrupt enabled)

2. Select the slave receive mode when the PIN bit is “0.” Do not
write “1” to the PIN bit. Neither “0” nor “1” is specified for the
writing to the BB bit.

The TRX bit becomes “0” and the Spa pin is released.

3. The ScL pin is released by writing the slave address value to
the 12C data shift register.

4. Disable interrupts during the following two process steps:

« Writing of slave address value
« Trigger of RESTART condition generating

(4) Writing to I12C status register

Do not execute an instruction to set the PIN bit to “1” from “0” and
an instruction to set the MST and TRX bits to “0” from “1” simulta-
neously. It is because it may enter the state that the ScL pin is
released and the Spa pin is released after about one machine
cycle. Do not execute an instruction to set the MST and TRX bits
to “0” from “1” simultaneously when the PIN bit is “1.” It is because
it may become the same as above.

(5) Process of after STOP condition generating

Do not write data in the I2C data shift register SO and the I12C sta-
tus register S1 until the bus busy flag BB becomes “0” after
generating the STOP condition in the master mode. It is because
the STOP condition waveform might not be normally generated.
Reading to the above registers do not have the problem.
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A-D CONVERTER

[A-D Conversion Register 1,2 (AD1, AD2)]
003516, 003816

The A-D conversion register is a read-only register that stores the
result of an A-D conversion. When reading this register during an
A-D conversion, the previous conversion result is read.

Bit 7 of the A-D conversion register 2 is the conversion mode se-
lection bit. When this bit is set to “0,” the A-D converter becomes
the 10-bit A-D mode. When this bit is set to “1,” that becomes the
8-bit A-D mode. The conversion result of the 8-bit A-D mode is
stored in the A-D conversion register 1. As for 10-bit A-D mode,
10-bit reading or 8-bit reading can be performed by selecting the
reading procedure of the A-D conversion register 1, 2 after A-D
conversion is completed (in Figure 47).

The A-D conversion register 1 performs the 8-bit reading inclined
to MSB after reset, the A-D conversion is started, or reading of the
A-D converter register 1 is generated; and the register becomes
the 8-bit reading inclined to LSB after the A-D converter register 2
is generated.

[AD/DA Control Register (ADCON)] 0034 16
The AD/DA control register controls the A-D conversion process.
Bits 0 to 2 select a specific analog input pin. Bit 3 signals the
completion of an A-D conversion. The value of this bit remains at
“0” during an A-D conversion, and changes to “1” when an A-D
conversion ends. Writing “0” to this bit starts the A-D conversion.

Comparison Voltage Generator

The comparison voltage generator divides the voltage between
AVss and VREF into 1024, and outputs the divided voltages in the
10-bit A-D mode (256 division in 8-bit A-D mode).

The A-D converter successively compares the comparison voltage
Vref in each mode, dividing the VREF (see below), with the input
voltage.

* 10-bit A-D mode (10-bit reading)

_ VREF _
Vret = 3552 00 (n = 0-1023)

« 10-bit A-D mode (8-bit reading)

VREF
Vref = 256 0 n (n=0-255)

« 8-bit A-D mode

Channel Selector
The channel selector selects one of ports P60/ANo to P67/AN7,
and inputs the voltage to the comparator.

Comparator and Control Circuit

The comparator and control circuit compares an analog input volt-
age with the comparison voltage, and then stores the result in the
A-D conversion registers 1, 2. When an A-D conversion is com-
pleted, the control circuit sets the A-D conversion completion bit
and the A-D interrupt request bit to “1”.

Note that because the comparator consists of a capacitor cou-
pling, set f(XIN) to 500 kHz or more during an A-D conversion.

b7 b0
| | | | | | | | | AD/DA control register
(ADCON : address 0034 16)

Analog input pin selection bits

b2 b1 b0

0 0 0: P60/ANo
0 0 1: P61/AN1
0 1 0: P62/AN2
0 1 1:P63/AN3
1 0 0: P64/AN4
1 0 1: P65/ANs
1 1 0: P66/ANs
11 1: P67/AN7

A-D conversion completion bit
0: Conversion in progress
1: Conversion completed

PWMOo output pin selection bit
0: P56/PWMo1
1: P30/PWMo00

PWM1 output pin selection bit
0: P57/PWM11
1: P31/PWM10

DAL output enable bit
0: DA1 output disabled
1: DAL output enabled

DA2 output enable bit
0: DA2 output disabled
1: DA2 output enabled

Fig. 46 Structure of AD/DA control register

10-bit reading

VREF
Vret = 556 U (n-0.5) (n = 1-255) (Read address 003816 before 003516)
=0 (n=0) b7 b0
(Address 003816) [ [ [ [ | | Joo]os]
b7
(Address 003516) |b7|b6|bs|b4|b3|b2[b1bo]
Note : The high-order 6 bits of address 0038 16 becomes “0”
at reading.
8-bit reading (Read only address 003516)
b7
(Address 003516) |bo|ps|b7|b6|bs|b4|b3|b2|
Fig. 47 Structure of 10-bit A-D mode reading
50 ‘ MITSUBISHI
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Data bus

AD/DA control register
(Address 0034 16)

b7 bo

AN

7]

i

VREF AVss

3>
Y

PBO/ANG A-D control circuit I— — A-D interrupt request
P61/AN1 O—» g Y
P62/AN2 O—» % Comparator | A-D conversion register 2 (Address 003816)
P63/AN3 O— « P A-D conversion register 1 (Address 003516)
P64/AN4 O— 2 N
P65/ANS O—>| § v 10
P66;AN5 O—~© Resistor ladder
P67/AN7 O—»

Fig. 48 Block diagram of A-D converter
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D-A CONVERTER

The 3886 group has two internal D-A converters (DA1 and DA?2)
with 8-bit resolution.

The D-A converter is performed by setting the value in each D-A
conversion register. The result of D-A conversion is output from
the DA1 or DA2 pin by setting the DA output enable bit to “1”.
When using the D-A converter, the corresponding port direction
register bit (P56/DA1/PWMo1 or P57/DA2/PWM11) must be set to
“0” (input status).

The output analog voltage V is determined by the value n (decimal
notation) in the D-A conversion register as follows:

|D-A1 conversion register (8)|

DA1 output enable bit
| R-2R resistor ladder I—o/o—o P56/DA1/PWMot

Data bus

V = VREF O n/256 (n = 0 to 255)
Where VREF is the reference voltage.

) ) D-A2 conversion register (8 |
At reset, the D-A conversion registers are cleared to “0016”, the | 9 ®)

DA output enable bits are cleared to “0”, and the P56/DA1/PWMo1
and P57/DA2/PWM11 pins become high impedance.

The DA output does not have buffers. Accordingly, connect an ex-
ternal buffer when driving a low-impedance load.

SetVcc to 4.0 V or more when using the D-A converter.

DA2 output enable bit
| R-2R resistor ladder I—o/o—o P57/DA2/PWM11

Fig. 49 Block diagram of D-A converter

«0" DA1 output enable bit

Q R R R R R R R 2R
P56/DA1/PWMor (O—0 O

w1

2R 2R 2R 2R 2R 2R 2R 2R

MSB LSB

D-A1 conversion register ;"“;)'"'"'"i';'"" """ T Q i T T QT [ o T TTiTTTTQTTTT [ :

LYo oo oo OT ______ LYoo oo o

AVss O o o

VREF O

Fig. 50 Equivalent connection circuit of D-A converter (DA1)
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COMPARATOR CIRCUIT

Comparator Configuration

The comparator circuit consists of resistors, comparators, a com-
parator control circuit, the comparator reference input selection bit
(bit 7 of address 001D16), a comparator data register (address
002D1s6), the comparator reference power source input pin (POo/
P3REF) and analog signal input pins (P30—P37). The analog input
pin (P30-P37) also functions as an ordinary digital port.

Comparator Operation

To activate the comparator, first set port P3 to input mode by set-
ting the corresponding direction register (address 000716) to “0” to
use port P3 as an analog voltage input pin. The internal fixed ana-
log voltage (Vcc O 29/32) can be generated by setting “1” to the
comparator reference input selection bit (bit 7) of the serial 1/02
control register (address 001D16). (The internal fixed analog volt-
age becomes about 4.5V at Vcc = 5.0 V.) When setting “0” to the
comparator reference input selection bit, the POo/P3REF pin be-
comes the comparator reference power source input pin and it is
possible to input the comparator reference power source option-
ally from the external. The voltage comparison is immediately

performed by the writing operation to the comparator data register
(address 002D16). After 14 cycles of the internal system clock @
(the time required for the comparison), the comparison result is
stored in the comparator register (address 002D16).

If the analog input voltage is greater than the internal reference
voltage, each bit of this register is “1”; if it is less than the internal
reference voltage, each bit of this register is “0”. To perform an-
other comparison, the voltage comparison must be performed
again by writing to the comparator data register (address 002D16).
Read the result when 14 cycles of @ or more have passed after the
comparator operation starts. The ladder resistor is turned on dur-
ing 14 cycles of ¢, which is required for the comparison, and the
reference voltage is generated. An unnecessary current is not
consumed because the ladder resistor is turned off while the com-
parator operation is not performed. Since the comparator consists
of capacitor coupling, the electric charge is lost if the clock fre-
quency is low.

Keep that the clock frequency is 1 MHz or more during the com-
parator operation. Do not execute the STP, WIT, or port P3 1/O
instruction.

)

P3 (8)

(address 002Dz6)

(

Y

Comparator data register

P3b_z . com A
P36 ; g

[ | compar Comparator reference input selection
ator bit (bit 7) of serial I/02 control register
(address 001Dzs)
P30 ‘“0" Vee
Compar-
ator “1r
vceo29/32
> Comparator -
Comparator connecting | control circuit [y - yqer resistor
PO0/P3REF signal connecting signal /¢

Fig. 51 Comparator circuit

‘ MITSUBISHI

53

AV N ELECTRIC



MITSUBISHI MICROCOMPUTERS

3886 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

WATCHDOG TIMER

The watchdog timer gives a mean of returning to the reset status
when a program cannot run on a normal loop (for example, be-
cause of a software run-away). The watchdog timer consists of an
8-bit watchdog timer L and an 8-bit watchdog timer H.

Standard Operation of Watchdog Timer

When any data is not written into the watchdog timer control reg-
ister (address 001Ez16) after resetting, the watchdog timer is in the
stop state. The watchdog timer starts to count down by writing an
optional value into the watchdog timer control register (address
001Ez1e6) and an internal reset occurs at an underflow of the watch-
dog timer H.

Accordingly, programming is usually performed so that writing to
the watchdog timer control register (address 001E16) may be
started before an underflow. When the watchdog timer control reg-
ister (address 001E16) is read, the values of the high-order 6 bits
of the watchdog timer H, STP instruction disable bit, and watch-
dog timer H count source selection bit are read.

Initial Value of Watchdog Timer
At reset or writing to the watchdog timer control register (address
001E1e), each watchdog timer H and L is set to “FF16.”

e \Watchdog timer H count source selection bit operation

Bit 7 of the watchdog timer control register (address 001Ez16) per-
mits selecting a watchdog timer H count source. When this bit is
set to “0”, the count source becomes the underflow signal of
watchdog timer L. The detection time is set to f(XIN)=131.072 ms
at 8 MHz frequency and f(XcIN)=32.768 s at 32 kHz frequency.
When this bit is set to “1”, the count source becomes the signal
divided by 16 for f(XiN) (or f(XcIN)). The detection time in this case
is set to f(XIN)= 512 ps at 8 MHz frequency and f(XCIN)=128 ms at
32 kHz frequency. This bit is cleared to “0” after resetting.

e Operation of STP instruction disable bit

Bit 6 of the watchdog timer control register (address 001E16) per-
mits disabling the STP instruction when the watchdog timer is in
operation.

When this bit is “0”, the STP instruction is enabled.

When this bit is “1”, the STP instruction is disabled.

Once the STP instruction is executed, an internal reset occurs.
When this bit is set to “1”, it cannot be rewritten to “0” by program.
This bit is cleared to “0” after resetting.

“FF16” is set when
watchdog timer

control register is
written to. '

Xcin

Data bus

“FF16” is set when
watchdog timer
control register is

Main clock division

written to.

ratio selection bits
(Note)

“0” H
Watchdog timer L (8) |_K> Y
| Watchdog timer H (8)

upn

STP instruction disable bit
STP instruction

—

Watchdog timer H count
source selection bit

Reset ——® Internal reset

circuit

] 7

RESET O—C{ il

Note: Either high-speed, middle-speed or low-speed mode is selected by bits 7 and 6 of the CPU mode register.

Fig. 52 Block diagram of Watchdog timer

Watchdog timer control register
(WDTCON : address 001E6)

Watchdog timer H (for read-out of high-order 6 bit)

STP instruction disable bit
0: STP instruction enabled
1: STP instruction disabled

Watchdog timer H count source selection bit
0: Watchdog timer L underflow
1: f(XiN)/16 or f(XcIN)/16

Fig. 53 Structure of Watchdog timer control register
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RESET CIRCUIT

To reset the microcomputer, RESET pin should be held at an "L" — Fj)owemn
level for 2 pus or more. Then the RESET pin is returned to an "H" Power source :
level (the power source voltage should be between 2.7V and 5.5 RESET Vee voltgse
V, and the oscillation should be stable), reset is released. After the
reset is completed, the program starts from the address contained + p 5§f:gténput
in address FFFD16 (high-order byte) and address FFFC16 (low-or- ov
der byte). Make sure that the reset input voltage is less than 0.54 7—7E
V forVcc of 2.7 V.
Note : Reset release voltage ; Vcc=2.7 V
RESET Vce

; Power source
i ,— voltage detection
circuit

Fig. 54 Reset circuit example

So— [

RESET

Internal
reset

Address

X 3 X 2 X 2 X 2 Xrrrc X Frrp X ADne X

Reset address from the vector table.

Data X X2 X2 X2 X 2 Xa Xaw X

SYNC

>
< >

XiN: 10.5 to 18.5 clock cycles

[

Notes 1: The frequency relation of f(Xin) and f(¢) is f(Xin)=8 « f(¢).
2: The question marks (?) indicate an undefined state that depends on the previous state.

Fig. 55 Reset sequence
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(1) Port PO (PO)

(2) Port PO direction register (POD)
(3) PortP1(P1)

(4) Port P1 direction register (P1D)
(5) Port P2 (P2)

(6) Port P2 direction register (P2D)
(7) PortP3 (P3)

(8) Port P3 direction register (P3D)
(9) Port P4 (P4)

(10) Port P4 direction register (P4D)
(11) Port P5 (P5)
(12) Port P5 direction register (P5D)
(13) Port P6 (P6)
(14) Port P6 direction register (P6D)
(15) Port P7 (P7)
(16) Port P7 direction register (P7D)
(17) Port P8 (P8)
(18) Port P8 direction register (P8D)
(19) 12C data shift register (S0)
(20) 12C address register (SOD)
(21) 12C status register (S1)
(22) 12C control register (S1D)
(23) 12C clock control register (S2)
(24) 12C start/stop condition control register (S2D)
(25) Transmit/Receive buffer register (TB/RB)
(26) Serial I/01 status register (SIO1STS)
(27) Serial 1/01 control register (SIO1CON)
(28) UART control register (UJARTCON)
(29) Baud rate generator (BRG)

(30) Serial 1/02 control register (SIO2CON)
(31) Watchdog timer control register (WDTCON)

(32) Serial 1/02 register (S102)

Address Register contents

0000 001 |
0001 001 |
00021 001 ]
00031 001 ]
000416
00051 001 |
000616 0016 ]
000716 0016 ]
00081 0016 |
0009 001 ]
000A1[ 001 |
000Bis[ 001 ]
000Cie[____ 0016 ]
000D 001 |
000Ess[ 00 |
000F[ 001 |
00101 001 |
00116 00 ]
001216 X [XIX[X[X[X[X[X]
0013 00 |
oo141s[0]o[o]1]o[o[o[X]
00156 00 |
001616 00 |
0017:s[00[0[1]1[0[1]0]
001816 X[X[X[X[X[X[X[X]
oo191s[1]oo[o[o]o]o[o]
ootAml[ 00w |
001B16
001C16[X[XIX[X[X[X[X[X]
001Dl 00 |
oo1Ess[ofo[11[1]2[a]1]
001F1s[ X[X[X[X[XIX[X[X]

Note : [ The initial values depend on level of the CNV SS pin.

X : Not fixed

Since the initial values for other than above mentioned registers and
RAM contents are indefinite at reset, they must be set.

(33) Prescaler 12 (PRE12)

(34) Timer 1 (T1)

(35) Timer 2 (T2)

(36) Timer XY mode register (TM)
(37) Prescaler X (PREX)

(38) Timer X (TX)

(39) Prescaler Y (PREY)

(40) Timer Y (TY)

(41) Data bus buffer register 0 (DBBO0)

(42) Data bus buffer status register 0 (DBBSTS0)

(43) Data bus buffer control register (DBBCON)

(44) Data bus buffer register 1 (DBB1)

(45) Data bus buffer status register 1 (DBBSTS1)
(46) Comparator data register (CMPD)
(47) Port control register 1 (PCTL1)
(48) Port control register 2 (PCTL2)
(49) PWMOH register (PWMOH)
(50) PWMOL register (PWMOL)
(51) PWM1H register (PWM1H)
(52) PWMLL register (PWM1L)

(53) AD/DA control register (ADCON)

(54) A-D conversion register 1 (AD1)

(55) D-A1 conversion register (DA1)

(56) D-A2 conversion register (DA2)

(57) A-D conversion register 2 (AD2)

(58) Interrupt source selection register (INTSEL)
(59) Interrupt edge selection register (INTEDGE)
(60) CPU mode register (CPUM)
(61) Interrupt request register 1 (IREQ1)
(62) Interrupt request register 2 (IREQ2)
(63) Interrupt control register 1 (ICON1)

(64) Interrupt control register 2 (ICON2)

(65) Flash memory control register (FCON)

(66) Flash command register (FCMD)
(67) Processor status register

(68) Program counter

Address Register contents

002016
002116
002216
002316
002416
002516
002616
002716
002815
002916
002A16
002B16
002C1s
002D16
002E16
002F16
003015
003116
003216
003316
003416 [0]0]0]0[ 1]0[0]0]
003516
003616
003716
003816
003916
003A1s
003B1s
003C1s
003D16
003Es
003F1s
OFFEss[ 001 |
OFFF1s
(PCH)
(PCL)

(PS)

Fig. 56 Internal status at reset
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CLOCK GENERATING CIRCUIT

The 3886 group has two built-in oscillation circuits. An oscillation
circuit can be formed by connecting a resonator between XiN and
XouT (XcIN and XcourT). Use the circuit constants in accordance
with the resonator manufacturer’s recommended values. No exter-
nal resistor is needed between XIN and XourT since a feed-back
resistor exists on-chip. However, an external feed-back resistor is
needed between XcIN and XcouT.

Immediately after power on, only the XiN oscillation circuit starts
oscillating, and XcIN and Xcourt pins function as /O ports.

Frequency Control

(1) Middle-speed mode

The internal clock @ is the frequency of XIN divided by 8. After re-
set, this mode is selected.

(2) High-speed mode

The internal clock @ is half the frequency of XIN.

(3) Low-speed mode
The internal clock @ is half the frequency of XCIN.

mNote

If you switch the mode between middle/high-speed and low-
speed, stabilize both XiN and XcIN oscillations. The sufficient time
is required for the sub clock to stabilize, especially immediately af-
ter power on and at returning from stop mode. When switching the
mode between middle/high-speed and low-speed, set the fre-
quency on condition that f(XIN) > 3f(XCIN).

(4) Low power dissipation mode

The low power consumption operation can be realized by stopping
the main clock XiN in low-speed mode. To stop the main clock, set
bit 5 of the CPU mode register to “1.” When the main clock XIN is
restarted (by setting the main clock stop bit to “0”), set sufficient
time for oscillation to stabilize.

Oscillation Control

(1) Stop mode

If the STP instruction is executed, the internal clock @ stops at an
“H” level, and XIN and XcIN oscillators stop. When the oscillation
stabilizing time set after STP instruction released bit is “0,” the
prescaler 12 is set to “FF16” and timer 1 is set to “0116.” When the
oscillation stabilizing time set after STP instruction released bit is
“1,” set the sufficient time for oscillation of used oscillator to stabi-
lize since nothing is set to the prescaler 12 and timer 1.

Either XIN or XcIN divided by 16 is input to the prescaler 12 as
count source, and the output of the prescaler 12 is connected to
timer 1. Set the timer 1 interrupt enable bit to disabled (“0”) before
executing the STP instruction. Oscillator restarts when an external
interrupt is received, but the internal clock @is not supplied to the
CPU (remains at “H”) until timer 1 underflows. The internal clock ¢
is supplied for the first time, when timer 1 underflows. Therefore
make sure not to set the timer 1 interrupt request bit to “1” before
the STP instruction stops the oscillator. When the oscillator is re-
started by reset, apply “L” level to the RESET pin until the
oscillation is stable since a wait time will not be generated.

(2) Wait mode

If the WIT instruction is executed, the internal clock @ stops at an
“H” level, but the oscillator does not stop. The internal clock @ re-
starts at reset or when an interrupt is received. Since the oscillator
does not stop, normal operation can be started immediately after
the clock is restarted.

XCIN  XcouT XIN XouTt

03" LDJ
il

;Ccm ;CCOUT ;Cm Cout
Fig. 57 Ceramic resonator circuit
Xcin__ Xcout XIN Xout
Open Open

External oscillation External oscillation
circuit circuit

e I v |
Vss Vss

Fig. 58 External clock input circuit

4 MITSUBISHI .
AW ELECTRIC



MITSUBISHI MICROCOMPUTERS

3886 Group

~o0- e.
'\(\03“0“ o“a“g

05020 et ©
PR (\9; 3‘::2: ae
Ree e
\\\oome - SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION
XCIN Xcout

O

Port Xc
switch bit

Xout Main clock division ratio
selection bits (Note)
Low-speed mode
12 f {14 {12 }——] Prescaler12 |4 Timer1 b———

Reset or
STP instruction

XIN

High-speed or
mgiéiele-sr)eed FFi6 0116

Main clock division ratio
selection bits (Note)

Middle-speed mode

_koi
——© }Timing @ (internal clock)
High-speed or

low-speed mode

—OQ— Main clock stop bit

R ——sTP instruction WIT instruction—— R R |— STP instruction

Reset
Interrupt disable flag |
Interrupt request

Note: Either high-speed, middle-speed or low-speed mode is selected by bits 7 and 6 of the CPU mode register.
When low-speed mode is selected, set port Xc switch bit (b4) to “1".

Fig. 59 System clock generating circuit block diagram (Single-chip mode)
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Middle-speed mode
(f(®)=1 MHz)
CM7=0
CMs=1
CMs=0(8 MHz oscillating)
CM4=0(32 kHz stopped)

High-speed mode
(f(p=4 MHz)

CM7=0
CMs=0
CMs=0(8 MHz oscillating)
CM4=0(32 kHz stopped)

Middle-speed mode
(=1 MHz)

High-speed mode
(f(p=4 MHz)
CM7=0
CMe=1
CMs=0(8 MHz oscillating)
CM4=1(32 kHz oscillating)

CMs=0(8 MHz oscillating)
CM4=1(32 kHz oscillating)

Low-speed mode
(f(9)=16 kHz)

CM7=1
CMe=0
CMs=0(8 MHz oscillating)
CM4=1(32 kHz oscillating)

CPU mode register
(CPUM : address 003B 16)

\‘ CMa : Port Xc switch bit
0 : 1/0 port function (stop oscillating)
1 : Xcin-Xcour oscillating function

CMs : Main clock (Xin- Xout) stop bit
0 : Operating
1: Stopped

CM?7, CMs: Main clock division ratio selection bit
b7 b6
0 0: ¢@=f(XiN)/2 ( High-speed mode)
0 1:¢=f(Xin)/8 (Middle-speed mode)
1 0:¢=f(Xcn)/2 (Low-speed mode)
1 1:Notavailable

o
5
!

o

0
=
(@]

Low-speed mode
(f(9)=16 kHz)

CM7=1
CMs=0
CMs=1(8 MHz stopped)

CMa4=1(32 kHz oscillating)

Notes 1: Switch the mode by the allows shown between the mode blocks. (Do not switch between the modes directly without an allow.)
2 : The all modes can be switched to the stop mode or the wait mode and return to the source mode when the stop mode or the wait mode is

ended.

: Timer operates in the wait mode.

: When the stop mode is ended, a delay of approximately 1 ms occurs by connecting prescaler 12 and Timer 1 in middle/high-speed mode.

: When the stop mode is ended, a delay of approximately 0.25 s occurs by Timer 1 and Timer 2 in low-speed mode.

: Wait until oscillation stabilizes after oscillating the main clock X IN before the switching from the low-speed mode to middle/high-speed
mode.

. The example assumes that 8 MHz is being applied to the X IN pin and 32 kHz to the X CIN pin. @indicates the internal clock.

oUW

~

Fig. 60 State transitions of system clock
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PROCESSOR MODE

Single-chip mode, memory expansion mode, and microprocessor
mode can be selected by changing the contents of the processor
mode bits (CMo and CM1 : bl and b0 of address 003B16). In
memory expansion mode and microprocessor mode, memory can
be expanded externally through ports PO to P3. In these modes,
ports PO to P3 lose their I/O port functions and become bus pins.

Table 15 Port functions in memory expansion mode and
microprocessor mode

Port Name Function

Port PO Outputs low-order 8 bits of address.

Port P1 Outputs high-order 8 bits of address.

Port P2 Operates as /O pins for data D7 to Do
(including instruction code).

Port P3 P30 and P31 function only as output pins

(except that the port latch cannot be read).
P32 is the ONW input pin.

P33 is the RESETOUT output pin. (Note)
P34 is the @ output pin.

P35 is the SYNC output pin.

P36 is the WR output pin, and P37 is the RD out-
put pin.

Note : If CNVss is connected to Vss, the microcomputer goes to single-
chip mode after a reset, so that this pin cannot be used as the
RESETOUT output pin.

(1) Single-chip mode
Select this mode by resetting the microcomputer with CNVss con-
nected to Vss.

(2) Memory expansion mode

Select this mode by setting the processor mode bits (b1, b0) to
“01” in software with CNVss connected to Vss. This mode enables
external memory expansion while maintaining the validity of the in-
ternal ROM.

(3) Microprocessor mode

Select this mode by resetting the microcomputer with CNVss con-
nected to Vcc, or by setting the processor mode bits to “10” in
software with CNVss connected to Vss. In microprocessor mode,
the internal ROM is no longer valid and external memory must be
used.

Do not set this mode in the flash memory version.

000816 000816
SFR area SFR area
004016 004016
Internal RAM Internal RAM
reserved area reserved area
XXXX16 XXXX16

YYYY16

Internal ROM

FFFF16

Memory expansion mode

FFFF16

Microprocessor mode

The shaded area are external memory area.
The area of address OFFE16 and OFFF16 in M38869FFA and M38869MFA
is the SFR or the reserved area. That does not become an external area.

*1 XXXX16 indicates the last address of internal RAM.
YYYY16 indicates the first address of internal ROM.

Fig. 61 Memory maps in various processor modes

b7 b0

| | | | | | | | |CPU mode register

| | (CPUM : address 003B1s)

Processor mode bits (CM1, CMo)

bl b0

0 0: Single-chip mode

0 1: Memory expansion mode

1 0: Microprocessor mode (Note)
1 1: Not available

Stack page selection bit
0: 0 page
1: 1 page

Note: This is not available for the flash memory version.

Fig. 62 Structure of CPU mode register
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BUS CONTROL AT MEMORY EXPANSION

The 3886 group has a built-in ONW function to facilitate access to
an external (expanded) memory and I/O devices in memory ex-
pansion mode or microprocessor mode.

If an “L” level signal is input to the P32/ONW pin when the CPU is
in a read or write state, the corresponding read or write cycle is
extended by one cycle of ¢. During this extended term, the RD
and WR signals remain at “L.” This extension function is valid only
for writing to and reading from addresses 000016 to 000716 and
044016 to FFFF16, and only read and write cycles are extended.

Read cycle Dummy cycle Write cycle Read cycle Dummy cycle Write cycle

- R -
e [ L =f =1 L4 1 L1 §L I
ADi15—ADo X X X X X X )C

RD  — | L1

WR
1|

-

ONW
\

\ /

* Term where ONW input signal is received.
During this term, the ONW signal must be fixed at either “H” or “L". At all other times, the input level of the ONW
signal has no affect on operations. The bus cycles is not extended for an address in the area 000816 to 043F1s,

because the ONW signal is not received.

Fig. 63 ONW function timing
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EPROM MODE

The built-in PROM of the blank One Time PROM version and built-
in EPROM version can be read or programmed with a
general-purpose PROM programmer using a special programming
adapter. The One Time PROM version and the built-in EPROM
version have the function of the M5M27C101 corresponding for
writing to the built-in PROM. Set the address of PROM program-
mer in the user ROM area.

Table 16 Programming adapter

Package Name of Programming Adapter
80P6Q-A PCA4738H-80A
80D0 PCA4738L-80A

Table 17 PROM programmer setup

PROM programmer setup

- " ROM area of
Product name Corresp_ondlng Writing microcomputer
device area
M38867E8AHP| M5M27C101K | 808016 808016
byte | |
M38867E8AFS program FFFD16 FFFD16

The PROM of the blank One Time PROM version is not tested or
screened in the assembly process and following processes. To en-
sure proper operation after programming, the procedure shown in
Figure 64 is recommended to verify programming.

Programming with PROM
programmer

SN

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

G

Verification with
PROM programmer

N

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. 64 Programming and testing of One Time PROM version
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FLASH MEMORY MODE

The M38869FFAHP has the flash memory mode in addition to the
normal operation mode (microcomputer mode). The user can use
this mode to perform read, program, and erase operations for the
internal flash memory.

The M38869FFAHP has three modes the user can choose: the
parallel input/output and serial input/output mode, where the flash
memory is handled by using the external programmer, and the
CPU reprogramming mode, where the flash memory is handled by
the central processing unit (CPU). The following explains these
modes.

(1) Flash memory mode 1 (parallel I/O mode)
The parallel /0 mode can be selected by connecting wires as
shown in Figures 65 and supplying power to the Vcc and Vprp
pins. In this mode, the M38869FFAHP operates as an equivalent
of MITSUBISHI's CMOS flash memory M5M28F101. However, be-
cause the M38869FFAHP’s internal memory has a capacity of 60
Kbytes, programming is available for addresses 0100016 to
OFFFF16, and make sure that the data in addresses 0000016 to
00FFF16 and addresses 1000016 to 1FFFF16 are FF16. Note also
that the M38869FFAHP does not contain a facility to read out a
device identification code by applying a high voltage to address in-
put (A9). Be careful not to erratically set program conditions when
using a general-purpose PROM programmer.

Table 18 shows the pin assignments when operating in the paral-
lel input/output mode.

Table 18 Pin assignments of M38869FFAHP when operating
in the parallel input/output mode

M38869FFAHP M5M28F101
Vce Vce Vce
VPP CNVss VPP
Vss Vss Vss
Address input Ports PO, P1, P31 Ao-A16
Data I/0 Port P2 Do-D7
CE P36 CE
OE P37 OE
WE P33 WE

Table 19 Assignment sates of control input and each state

Functional Outline (parallel input/output mode)

In the parallel input/output mode, the M38869FFAHP allow the
user to choose an operation mode between the read-only mode
and the read/write mode (software command control mode) de-
pending on the voltage applied to the VPP pin. When VPP = VPPL,
the read-only mode is selected, and the user can choose one of
three states (e.g., read, output disable, or standby) depending on
inputs to the CE, OE, and WE pins. When VPP = VPPH, the read/
write mode is selected, and the user can choose one of four states
(e.g., read, output disable, standby, or write) depending on inputs
to the CE, OE, and WE pins. Table 19 shows assignment states of
control input and each state.

e Read

The microcomputer enters the read state by driving the CE, and
OE pins low and the WE pin high; and the contents of memory
corresponding to the address to be input to address input pins
(Ao—At1s).

are output to the data input/output pins (Do-D7).

e Output disable

The microcomputer enters the output disable state by driving the
CE pin low and the WE and OE pins high; and the data input/out-
put pins enter the floating state.

e Standby

The microcomputer enters the standby state by driving the CE pin
high. the M38869FFAHP is placed in a power-down state consum-
ing only a minimal supply current. At this time, the data input/
output pins enter the floating state.

e Write

The microcomputer enters the write state by driving the VPP pin
high (VPP = VPPH) and then the WE pin low when the CE pin is
low and the OE pin is high. In this state, software commands can
be input from the data input/output pins, and the user can choose
program or erase operation depending on the contents of this soft-

ware command.

Mode e Fin CE OE WE V= Data I/O
Read ViL ViL VIH VPPL Output
Read-only | Output disable ViL VIH VIH VpPPL Floating
Standby VIH X X VPPL Floating

Read VIL ViL VIH VpPPH Output
Read/Write Output disable ViL VIH VIH VpPPH Floating
Standby VIH X X VprPH Floating

Write VIL VIH VIL VpPPH Input

Note: x can be VIL or VIH.
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Table 20 Pin description (flash memory parallel I/O mode)

Pin Name /(Ijnupt‘ght Functions

Vcc, Vss Power supply — Supply 5V +10 % to Vcc and 0 V to Vss.

CNVss VPP input Input | Connectto 5V + 10 % in read-only mode, connect to 12 V + 5 % in read/write mode.

RESET Reset input Input | Connect to Vss.

XIN Clock input Input | Connect a ceramic resonator between XIN and XOuUT.

Xout Clock output Output

AVss Analog supply input — Connect to Vss.

VREF Reference voltage input Input | Connect to Vss.

P0O0-PO07 Address input (A0—A7) Input | Port PO functions as 8-bit address input (Ao—A7).

Plo-P17 Address input (A8—A15) Input | Port P1 functions as 8-bit address input (Ag8—A15).

P20-P27 Data I/0O (Do-D7) 1/0 Function as 8-bit data’s I/O pins (Do—D7).

P30-P37 Control signal input Input | P37, P36 and P33 function as the OE, CE and WE input pins respectively. P31 functions as
the A16 input pin. Connect P30 and P32 to Vss. Input “H” or “L’ to P34, P35, or keep
them open.

P40-P47 Input port P4 Input | Connect P44, P46 to Vss. Input “H” or “L" to P40 - P43, P4s, P47, or keep them open.

P50—-P57 Input port P5 Input | Input *H” or “L", or keep them open.

P60-P67 Input port P6 Input | Input “H” or “L”, or keep them open.

P70-P77 Input port P7 Input | Input “H” or “L”, or keep them open.

P80—P87 Input port P8 Input | Input “H” or “L", or keep them open.

64 MITSUBISHI
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[27] <= pao/xcout
[26] - pgy/xci
[25] -— RESET —

P67/AN7 =
P66/ANe -
P65/AN5 =

P31/PWM10 < [61] [40] <> P16/AD14 G
————— P30/PWMoo <> [62] % ~—» P17/AD15 GD)
P87/DQ7 > [63] 38] <> P20/DBo D)
Pselogs<—> [64] [37] < P21/DB1 D)
P85/DQs ~#—#= [65 | [36] <> P22/DB2 D)
P84/DQ4 =+ [66] [35] <> P23/DB3 )
P83/DQ3 <= [67] [34] <> P24/DB4 D)
P82/DQ2 ¢ [68] [33] -+ P25/DBs )
P81/DQ1 = [69] [32] <> P26/DB6 )
&> PeoiDQo =+ 10 M38869FFAHP % < Pariney L o
VRer —# [72] [20] —®= Xout —o)*
AVss —m= [73] [28] ~-— Xin — o
[72]
[z5]
[z6]
[z7]
(8]
[z9]
(0]

P64/ANa [24] -— CNVss
P63/AN3 = [23] <—> P42/INTo/OBFoo

P62/AN2 —» Q [22] < P43/INT1/OBFo1

P61/AN1 ~—= [21] < P4s/RXD —

2 3 I S S 0
EBRESS5SQuE32238cEER202
foa @38 dalddxsz2z |g3a
colfoa FI8LFTAT ORI

4 co*gaR §F8

2 58 3

o Qo 3

* :Connect to the ceramic oscillation circuit.
(O iindicates the flash memory pin.

Outline 80P6Q-A

Fig. 65 Pin connection of M38869FFAHP when operating in parallel input/output mode
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Read-only Mode

The microcomputer enters the read-only mode by applying VpPPL
to the VPP pin. In this mode, the user can input the address of a
memory location to be read and the control signals at the timing

shown in Figure 66, and the M38869FFAHP will output the con-
tents of the user’s specified address from data I/O pin to the
external. In this mode, the user cannot perform any operation
other than read.

VIH
Address ><><><><> Valid address <><><><><><
ViL
tRC
VIH —
CE /
ViL
ta(CE)
VIH
OE
ViL
|_ tWRR tDF
VIH
WE
Vie ta(OE) |oH)
VoH Floating oz ") Floating
Data ™~ \\\ Dout >>>>/?7
VoL
ta(AD)

Fig. 66 Read timing

Read/Write Mode

The microcomputer enters the read/write mode by applying VPPH
to the VPP pin. In this mode, the user must first input a software
command to choose the operation (e. g., read, program, or erase)
to be performed on the flash memory (this is called the first cycle),
and then input the information necessary for execution of the com-
mand (e.g, address and data) and control signals (this is called
the second cycle). When this is done, the M38869FFAHP ex-
ecutes the specified operation.

Table 21 Software command (Parallel input/output mode)

Table 21 shows the software commands and the input/output in-
formation in the first and the second cycles. The input address is
latched internally at the falling edge of the WE input; software
commands and other input data are latched internally at the rising
edge of the WE input.

The following explains each software command. Refer to Figures 67
to 69 for details about the signal input/output timings.

Symbol First cycle Second cycle
Address input Data input Address input Data I/O
Read x 0016 Read address Read data (Output)
Program x 4016 Program address Program data (Input)
Program verify x C016 x Verify data (Output)
Erase x 2016 x 2016 (Input)
Erase verify Verify address AO016 x Verify data (Output)
Reset x FFi6 x FF16 (Input)
Device identification X 9016 ADI DDI (Output)

Note: ADI = Device identification address : manufacturer's code 0000016, device code 0000116
DDI = Device identification data : manufacturer's code 1Cz16, device code D016

X can be VIL or VIH.

66
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e Read command

The microcomputer enters the read mode by inputting command
code “0016” in the first cycle. The command code is latched into
the internal command latch at the rising edge of the WE input.
When the address of a memory location to be read is input in the
second cycle, with control signals input at the timing shown in Fig-
ure 67, the M38869FFAHP outputs the contents of the specified
address from the data I/O pins to the external.

The read mode is retained until any other command is latched into
the command latch. Consequently, once the M38869FFAHP enters
the read mode, the user can read out the successive memory con-
tents simply by changing the input address and executing the sec-
ond cycle only. Any command other than the read command must be
input beginning from its command code over again each time the
user execute it. The contents of the command latch immediately af-
ter power-on is 0016.

VIH
Address Valid address <><><><><><><
ViL
twc tRC
[
VIH
CE / [ \
ViL
tCH
—> < ta(CE)
tcs
VIH
OE
ViL —
tRRW twp tWRR tDF
[
VIH
WE /
ViL —
ta(OE)
tps
ViH toLzf/
Data 0016 \ Dout
ViL tcLz,
tDH tDH
— = —=
tvsc ta(AD)
VPPH
VPP
VpPL

Fig. 67 Timings during reading
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e Program command
The microcomputer enters the program mode by inputting com-
mand code “4016” in the first cycle. The command code is latched
into the internal command latch at the rising edge of the WE input.
When the address which indicates a program location and data is
input in the second cycle, the M38869FFAHP internally latches the
address at the falling edge of the WE input and the data at the ris-
ing edge of the WE input. The M38869FFAHP starts programming
at the rising edge of the WE input in the second cycle and finishes
programming within 10 us as measured by its internal timer. Pro-
gramming is performed in units of bytes.

Note: A programming operation is not completed by executing the
program command once. Always be sure to execute a pro-
gram verify command after executing the program command.
When the failure is found in this verification, the user must re-
peatedly execute the program command until the pass. Refer
to Figure 70 for the programming flowchart.

e Program verify command

The microcomputer enters the program verify mode by inputting
command code “C016” in the first cycle. This command is used to
verify the programmed data after executing the program com-
mand. The command code is latched into the internal command
latch at the rising edge of the WE input. When control signals are
input in the second cycle at the timing shown in Figure 68, the
M38869FFAHP outputs the programmed address’s contents to the
external. Since the address is internally latched when the program
command is executed, there is no need to input it in the second
cycle.

Program verify
VIH = S C Y AARAAARNAANA AT
rogram
ViL Bttt
twc tAs tAH
I
VIH ————— |-
CE / \ / \
ViL
tcs tcs tcs
e e
tCH tCH tCH
‘ —=>
VIH _—
OE
ViL
tRRW
twp tWPH twp toP twp, tWRR
VIH ™ ==
WE / \
ViL — — ]
tDs tDs tDS
VIH
Data 4016 DIN >————— CO16 >— ----- (((
ViL >
tDH tDH tDH Verify data output
tvsc
VpPH
VPP \
VpPPL

Fig. 68 Input/output timings during programming (Verify data is output at the same timing as for read.)
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e Erase command
The erase command is executed by inputting command code 2016
in the first cycle and command code 2016 again in the second
cycle. The command code is latched into the internal command
latch at the rising edges of the WE input in the first cycle and in
the second cycle, respectively. The erase operation is initiated at
the rising edge of the WE input in the second cycle, and the
memory contents are collectively erased within 9.5 ms as mea-
sured by the internal timer. Note that data 0016 must be written to
all memory locations before executing the erase command.

Note: An erase operation is not completed by executing the erase
command once. Always be sure to execute an erase verify
command after executing the erase command. When the fail-
ure is found in this verification, the user must repeatedly ex-
ecute the erase command until the pass. Refer to Figure 70
for the erase flowchart.

e Erase verify command

The user must verify the contents of all addresses after complet-

ing the erase command. The microcomputer enters the erase

verify mode by inputting the verify address and command code

AO16 in the first cycle. The address is internally latched at the fall-

ing edge of the WE input, and the command code is internally

latched at the rising edge of the WE input. When control signals
are input in the second cycle at the timing shown in Figure 69, the

M38869FFAHP outputs the contents of the specified address to

the external.

Note: If any memory location where the contents have not been
erased is found in the erase verify operation, execute the op-
eration of “erase — erase verify” over again. In this case,
however, the user does not need to write data 0016 to memory
locations before erasing.

Erase verify
VIH Verify
ern
ViL
twc
D —— |
VIH === | @ |
CE / \ / \
ViL
tcs tcs tcs
e et
tCcH tcH tcH
‘ —=>
VIH e~~~
OE / \
ViL
tRRW
twp twPH twp tDE twp tWRR
VIH ™ | A et
WE / \
ViL _ — _
tDs tDs tDs
VIH
bata 2015 206 }—----——{ Aot }—----- ({( oo
Vic Verify data output
tvsc tOH tDH tDH
VpPH -———
VppP \
VpPL
Fig. 69 Input/output timings during erasing (verify data is output at the same timing as for read.)
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e Reset command

The reset command provides a means of stopping execution of
the erase or program command safely. If the user inputs command
code FF16 in the second cycle after inputting the erase or program
command in the first cycle and again input command code FF16 in
the third cycle, the erase or program command is disabled (i.e.,
reset), and the M38869FFAHP is placed in the read mode. If the
reset command is executed, the contents of the memory does not
change.

e Device identification code command

By inputting command code 9016 in the first cycle, the user can
read out the device identification code. The command code is
latched into the internal command latch at the rising edge of the
'WE input. At this time, the user can read out manufacture’s code
1C16 (i.e., MITSUBISHI) by inputting 000016 to the address input
pins in the second cycle; the user can read out device code D016
(i. e., 1M-bit flash memory) by inputting 000116.

These command and data codes are input/output at the same tim-
ing as for read.
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Program Erase

v

( ADRS = first location )
—_x )
WRITE PROGRAM 4016
COMMAND
WRITE PROGRAM DIN
DATA
( DURATION =10 ps )
( X=X+1 )
WRITE PROGRAM-VERIFY Co1s
COMMAND

( DURATION =6 ps )

FAIL

INC ADRS LAST ADRS ?

VERIFY BYTE ?

START

C

Vcc =5V, Vpp = VPPH )

YES

ALL
BYTES = 0016 ?

PROGRAM
ALL BYTES = 0016

!

ADRS = first location

!

X=0

!

WRITE ERASE

COMMAND 2016

!

WRITE ERASE

COMMAND 2016

!

DURATION = 9.5 ms

!

X=X+1

O U U U

!

WRITE ERASE-VERIFY
COMMAND

) Aos
v

DURATION =6 ps )

FAIL

VERIFY BYTE ?

( VPP = VPPL )
7 ( INC ADRS LAST ADRS ?
DEVICE DEVICE
PASSED FAILED
( WRITE READ COMMAND ) 0016
( VPP = VPPL )
DEVICE DEVICE
PASSED FAILED
Fig. 70 Programming/Erasing algorithm flow chart
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Table 22 DC ELECTRICAL CHARACTERISTICS (T a= 25 °C,Vcc =5V £ 10 %, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
IsB1 Vcec =55V, CE =VIH 1 mA
52 Vcce supply current (at standby) \éc: VSC(5: ;/,0.2 v 100 UA
lcci Vcc supply current (at read) :/R%C;lglgr\lls,,(lzguj\zluc_)' mA 15 mA
lcc2 Vcc supply current (at program) VPP = VPPH 15 mA
lcca Vcc supply current (at erase) VPP = VPPH 15 mA
O<sVppsVce 10 LA
IPP1 VPP supply current (at read) Vce<vppsvce + 1.0V 100 LA
VPP = VPPH 100 LA
IPP2 VPP supply current (at program) VPP = VPPH 30 mA
IPP3 VPP supply current (at erase) VPP = VPPH 30 mA
ViL “L” input voltage 0 0.8 \%
VIH “H” input voltage 2.0 Vce \%
VoL “L” output voltage loL=2.1mA 0.45 V
VOH1 “H” output voltage loH =-400 uA 2.4 \Y
VOH2 IoH = -100 uA Vcc-0.4 \%
VPPL VPP supply voltage (read only) Vcc Vce +1.0 \%
VPPH VPP supply voltage (read/write) 11.4 12.0 12.6 \%
AC ELECTRICAL CHARACTERISTICS (T a= 25 °C, Vcc =5V * 10 %, unless otherwise noted)
Table 23 Read-only mode
Symbol Parameter - Limits Unit
Min. Max.
tRC Read cycle time 250 ns
ta(AD) Address access time 250 ns
ta(CE) CE access time 250 ns
ta(OE) OE access time 100 ns
tcLz Output enable time (after CE) 0 ns
toLz Output enable time (after OE) 0 ns
tDF Output floating time (after OE) 35 ns
tDH Output valid time (after CE, OE, address) 0 ns
tWRR Write recovery time (before read) 6 us
Table 24 Read/Write mode
Symbol Parameter - Limits Unit
Min. Max.
twc Write cycle time 150 ns
tAs Address set up time 0 ns
tAH Address hold time 60 ns
tDs Data setup time 50 ns
tDH Data hold time 10 ns
tWRR Write recovery time (before read) 6 us
tRRW Read recovery time (before write) 0 us
tcs CE setup time 20 ns
tcH CE hold time 0 ns
twp Write pulse width 60 ns
twPH Write pulse waiting time 20 ns
toP Program time 10 us
tDE Erase time 9.5 ms
tvsc VPP setup time 1 LS

Note: Read timing of Read/Write mode is same as Read-only mode.
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(2) Flash memory mode 2 (serial I/O mode)

The M38869FFAHP has a function to serially input/output the soft-
ware commands, addresses, and data required for operation on
the internal flash memory (e. g., read, program, and erase) using
only a few pins. This is called the serial I/O (input/output) mode.
This mode can be selected by driving the SDA (serial data input/
output), SCLK (serial clock input ), and OE pins high after con-

necting wires as shown in Figures 71 and powering on the Vcc pin
and then applying VPPH to the VPP pin.

In the serial /0 mode, the user can use six types of software com-
mands: read, program, program verify, erase, erase verify and
error check.

Serial input/output is accomplished synchronously with the clock,
beginning from the LSB (LSB first).

—
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PSo/A0 <t—m 5|
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~—» P26/DBs
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—® Xout
~— XIN
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—0

~-B P4o/XcouT

~® pli/XcIN
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~— CNVss
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~4— P42/INTo/OBFoo
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> P44/RxD
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*:Connect to the ceramic oscillation circuit.
(O indicates the flash memory pin.

Outline 80P6Q-A

Vss

Fig. 71 Pin connection of M38869FFAHP when operating in serial I/O mode
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Table 25 Pin description (flash memory serial I/O mode)

Pin Name /(I)nua;tjt Functions
Vcce, Vss Power supply — Supply 5V + 10 % to Vcc and 0 V to Vss.
CNVss VPP input Input | Connectto 12V £5 %.
RESET Reset input Input | Connect to Vss.
XIN Clock input Input | Connect a ceramic resonator between XIN and XouT.
XouT Clock output Output
AVss Analog supply input — Connect to Vss.
VREF Reference voltage input Input | Input an arbitrary level between the range of Vss and Vcc.
P0O0—-P0O7 Input port PO Input | Input “H” or “L", or keep them open.
Plo-P17 Input port P1 Input | Input “H” or “L", or keep them open.
P20-P27 Input port P2 Input | Input “H” or “L", or keep them open.
| P30-P3s _ |InputportP3_ Input_| Input “H” or °L", or keep themopen.  _ _ _ _ _ _ _ _ _ _ _ _ __________/]
P37 Control signal input Input | OE input pin
P40-P43, Input port P4 Input | Input “H” or “L” to P40 - P43, P45, or keep them open.
P45
[Pde L SDAG _Yo _|Thispinisforserial datafo. _________________________|
P46 SCLK input Input | This pin is for serial clock input.
(pa7 [ BIJS_Y_ou_thJt ______ _Oat[;ut_ _Tﬁis_ pi_n TS?OFB_UéY_si_gr?al_oatﬁuE ________________________
P50-P57 Input port P5 Input | Input “H” or “L”, or keep them open.
P60-P67 Input port P6 Input | Input “H” or “L", or keep them open.
P70-P77 Input port P7 Input | Input “H” or “L”, or keep them open.
P80-P87 Input port P8 Input | Input “H” or “L”, or keep them open.
74 MITSUBISHI
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Functional Outline (serial I/0 mode)

In the serial I/O mode, data is transferred synchronously with the
clock using serial input/output. The input data is read from the
SDA pin into the internal circuit synchronously with the rising edge
of the serial clock pulse; the output data is output from the SDA
pin synchronously with the falling edge of the serial clock pulse.

Table 26 Software command (serial /O mode)

Data is transferred in units of eight bits.

In the first transfer, the user inputs the command code. This is fol-
lowed by address input and data input/output according to the
contents of the command. Table 26 shows the software com-
mands used in the serial I/O mode. The following explains each
software command.

umber of transfers| First command .
. Second Third Fourth

Command code input
Read 0016 Read address L (Input) Read address H (Input) Read data (Output)
Program 4016 Program address L (Input) Program address H (Input) Program data (Input)
Program verify CO16 Verify data (Output)
Erase 2016 2016 (Input)
Erase verify AO16 Verify address L (Input) Verify address H (Input) Verify data (Output)
Error check 8016 Error code (Output)

e Read command

Input command code 0016 in the first transfer. Proceed and input
the low-order 8 bits and the high-order 8 bits of the address and
pull the OE pin low. When this is done, the M38869FFAHP reads
out the contents of the specified address, and then latchs it into

the internal data latch. When the OE pin is released back high and
serial clock is input to the SCLK pin, the read data that has been
latched into the data latch is serially output from the SDA pin.

tCH tCH
SCLK
Ao A7 As A15 Do D7
SDA  -=——=- 100000000 ANMANAN T UUMANAANANF s WAANAARNA
Command code input (0016) Read address input (L) Read address input (H) Read data output
| tcrR tWR tRC
<
OE
Read
BUSY “L"

Note : When outputting the read data, the SDA pin is switched for output at the first falling edge of SCLK. The SDA pin is placed
in the floating state during the period of th(c-E) after the last rising edge of SCLK (at the 8th bit).

Fig. 72 Timings during reading
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e Program command

Input command code 4016 in the first transfer. Proceed and input

the low-order 8 bits and the high-order 8

bits of the address and

then program data. Programming is initiated at the last rising edge
of the serial clock during program data transfer. The BUSY pin is
driven high during program operation. Programming is completed
within 10 us as measured by the internal timer, and the BUSY pin

is pulled low.

Note : A programming operation is not completed by executing the
program command once. Always be sure to execute a pro-
gram verify command after executing the program command.
When the failure is found in the verification, the user must re-
peatedly execute the program command until the pass in the
verification. Refer to Figure 70 for the programming flowchart.

tCH

tcH

SCLK

SDA — -mmmes 1000000f1|of=="=" 0000000

Command code input (4016) Program address input (L) Program address input (H) ~ Program data input

tcH

BUSY

twp
Program

Fig. 73 Timings during programming

e Program verify command

Input command code CO16 in the first transfer. Proceed and drive
the OE pin low. When this is done, The M38869FFAHP verify-
reads the programmed address’s contents, and then latchs it into

the internal data latch. When the OE pin is released back high and
serial clock is input to the SCLK pin, the verify data that has been
latched into the data latch is serially output from the SDA pin.

SCLK

000000J11

Command code input (C016)
|_tcRPV.
=

Do D7

Verify data output
tWR tRC

BUSY ..

Verify read

Note: When outputting the verify data, the SDA pin is switched for output at the first falling edge of SCLK. The SDA pin is placed
in the floating state during the period of th(c-E) after the last rising edge of SCLK (at the 8th bit).

Fig. 74 Timings during program verify
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e Erase command

Input command code 2016 in the first transfer and command code
2016 again in the second transfer. When this is done, the
M38869FFAHP executes an erase command. Erase is initiated at
the last rising edge of the serial clock. The BUSY pin is driven high
during the erase operation. Erase is completed within 9.5 ms as
measured by the internal timer, and the BUSY pin is pulled low.
Note that data 0016 must be written to all memory locations before

executing the erase command.

Note: A erase operation is not completed by executing the erase
command once. Always be sure to execute a erase verify
command after executing the erase command. When the fail-
ure is found in the verification, the user must repeatedly ex-
ecute the erase command until the pass in the verification.
Refer to Figure 70 for the erase flowchart.

tcH

SCLK

‘e

SDA ---—-IOOOOOlOOr---—-|00000100 -----

Command code input (2016) Command code input (2016)

twE

BUSY

Erase

Fig. 75 Timings at erasing

e Erase verify command

The user must verify the contents of all addresses after complet-
ing the erase command. Input command code AO16 in the first
transfer. Proceed and input the low-order 8 bits and the high-order
8 bits of the address and pull the OE pin low. When this is done,
the M38869FFAHP reads out the contents of the specified ad-
dress, and then latchs it into the internal data latch. When the OE
pin is released back high and serial clock is input to the SCLK pin,

the verify data that has been latched into the data latch is serially

output from the SDA pin.

Note: If any memory location where the contents have not been
erased is found in the erase verify operation, execute the op-
eration of “erase — erase verify” over again. In this case,
however, the user does not need to write data 0016 to memory
locations before erasing.

tcH tCH

SCLK

SDA  ---o- 100 0 0 ofslo[+!-----0O0000----

Command code input (AO16) Verify address input (L)  Verify address input (I—tl)
|_ICRE

A15 Do D7

Verify data output
v tWR trRC y P

=

|
BUSY ‘L’

Verify read

Note : When outputting the verify data, the SDA pin is switched for output at the first falling edge of SCLK. The SDA pin is placed
in the floating state during the period of th(c-E) after the last rising edge of SCLK (at the 8th bit).

Fig. 76 Timings during erase verify
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e Error check command

Input command code 8016 in the first transfer, and the
M38869FFAHP outputs error information from the SDA pin, begin-
ning at the next falling edge of the serial clock. If the LSB bit of the
8-bit error information is 1, it indicates that a command error has
occurred. A command error means that some invalid commands
other than commands shown in Table 26 has been input.

When a command error occurs, the serial communication circuit
sets the corresponding flag and stops functioning to avoid an erro-
neous programming or erase. When being placed in this state, the
serial communication circuit does not accept the subsequent serial
clock and data (even including an error check command). There-
fore, if the user wants to execute an error check command,

temporarily drop the VPP pin input to the VPPL level to terminate
the serial input/output mode. Then, place the M38869FFAHP into
the serial /0 mode back again. The serial communication circuit is
reset by this operation and is ready to accept commands. The er-
ror flag alone is not cleared by this operation, so the user can
examine the serial communication circuit’s error conditions before
reset. This examination is done by the first execution of an error
check command after the reset. The error flag is cleared when the
user has executed the error check command. Because the error
flag is undefined immediately after power-on, always be sure to
execute the error check command.

SCLK

i “H”

tcH

SDA  -==--- 10000000 1L"" 'aaaaaaa -----

Command code input (8016)

EO

Error flag output

OE

BUSY . »

Note: When outputting the error flag, the SDA pin is switched for output at the first falling edge of the serial clock. The SDA pin is placed
in the floating state during the period of th(c-E) after the last rising edge of the serial clock (at the 8th bit).

Fig. 77 Timings at error checking
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DC ELECTRICAL CHARACTERISTICS (Ta=25°C,Vcc=5V +10 %, VPP = 12V + 5 %, unless otherwise noted)
Icc, IPp-relevant standards during read, program, and erase are the same as in the parallel input/output mode. VIH, VIL, VOH, VoL, liH, and
I for the SCLK, SDA, BUSY, OE pins conform to the microcomputer modes.

Table 27 AC Electrical characteristics

(Ta=25°C,Vcc =5V +10 %, VPP =12V £ 5 %, f(XIN) = 10 MHz, unless otherwise noted)

Symbol Parameter - Limits Unit
Min. Max.

tcH Serial transmission interval 500(Note 1) ns
tcrR Read waiting time after transmission 500(Note 1) ns
tWR Read pulse width 400(Note 2) ns
tRC Transfer waiting time after read 500(Note 1) ns
tCRPV Waiting time before program verify 6 us
twp Programming time 10 us
tPC Transfer waiting time after programming 500(Note 1) ns
tCREV Waiting time before erase verify 6 ns
tWE Erase time 9.5 ns
tEC Transfer waiting time after erase 500(Note 1) ns
tc(CK) SCLK input cycle time 250 ns
tw(CKH) SCLK high-level pulse width 100 ns
tw(CKL) SCLK low-level pulse width 100 ns
tr(CK) SCLK rise time 20 ns
tf(CK) SCLK fall time 20 ns
td(C-Q) SDA output delay time 0 90 ns
th(C-Q) SDA output hold time 0 ns
th(C-E) SDA output hold time (only the 8th bit) 150(Note 3) | p5p(Note 4) | g
tsu(D-C) SDA input set up time 30
th(C-D) SDA input hold time 90

Notes 1: When f(XIN) = 10 MHz or less, calculate the minimum value according to formula 1.

Formula 1 ;2000 106
f(XIN)
2: When f(XIN) = 10 MHz or less, calculate the minimum value according to formula 2.
4000 6
—_— X
Formula 2 : ) 10
3: When f(XIN) = 10 MHz or less, calculate the minimum value according to formula 3.
1500 6
—_— X
Formula 3 : o) 10
4: When f(XIN) = 10 MHz or less, calculate the minimum value according to formula 4
2500 6
N X
Formula 4 : )
AC waveforms
tc(CK)
tH(CK) tw(CKL) tr(CK) tw(CKH)
SCLK
th(C-Q)
th(C-E) ——
Test conditions for AC characteristics
SDA output >_ ______
« Output timing voltage : VoL = 0.8 V, VOH=2.0V
tsu(-C) | th(C-D) « Input timing voltage : ViL = 0.2 Vcc, ViH = 0.8 Vcc
SDAinput  -—=-==-==--=--------------of emmemmemmemoemmem oo
MITSUBISHI 20
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(3) Flash memory mode 3 (CPU reprogramming
mode)

The M38869FFAHP has the CPU reprogramming mode where a
built-in flash memory is handled by the central processing unit
(CPU).

In CPU reprogramming mode, the flash memory is handled by
writing and reading to/from the flash memory control register (see
Figure 78) and the flash command register (see Figure 79).

The CNVss pin is used as the VpPpP power supply pin in CPU repro-
gramming mode. It is necessary to apply the power-supply voltage
of VpPH from the external to this pin.

Functional Outline (CPU reprogramming mode)

Figure 78 shows the flash memory control register bit configura-
tion. Figure 79 shows the flash command register bit
configuration.

Bit 0 of the flash memory control register is the CPU reprogram-
ming mode select bit. When this bit is set to “1” and VPPH is
applied to the CNVss/VPpP pin, the CPU reprogramming mode is
selected. Whether the CPU reprogramming mode is realized or
not is judged by reading the CPU reprogramming mode monitor
flag (bit 2 of the flash memory control register).

Bit 1 is a busy flag which becomes “1” during erase and program
execution.

Whether these operations have been completed or not is judged
by checking this flag after each command of erase and the pro-
gram is executed.

Bits 4, 5 of the flash memory control register are the erase/pro-
gram area select bits. These bits specify an area where erase and
program is operated. When the erase command is executed after
an area is specified by these bits, only the specified area is
erased. Only for the specified area, programming is enabled; for
the other areas, programming is disabled.

Figure 80 shows the CPU mode register bit configuration in the
CPU reprogramming mode. Set bit 1 to “0” (single-chip or memory
expansion mode) in the CPU reprogramming mode.

Fix this bit to “0.”

Fix this bit to “0.”

Flash memory control regsiter
(FCON : address OFFE16)

CPU reprogramming mode select bit (Notes 1, 2)
0 : CPU reprogramming mdoe is invalid. (Normal operation mode)
1: When applying 0 V or VPPL to CNVss/VPP pin, CPU reprogramming mode is
invalid. When applying VPPH to CNVss/VPP pin, CPU reprogramming mode is valid.

Erase/Program busy flag
0 : Erase and program are completed or not have been executed.
1 : Erase/program is being executed.

CPU reprogramming mode monitor flag
0 : CPU reprogramming mode is invalid.
1: CPU reprogramming mode is valid.

Erase/Program area select bits
0 O: Addresses 100016 to FFFF16 (total 60 Kbytes)
0 1: Addresses 100016 to 7FFF16 (total 28 Kbytes)
1 0: Addresses 800016 to FFFF16 (total 32 Kbytes)
1 1: Not available

Not used (returns "0" when read)

Notes 1: Bit 0 can be reprogrammed only when 0V is applied to the CNVss/VPp pin.
2: When bit 0 is “1,” the processor mode does not change even if VPPH is applied to the CNVSS/VPP pin.

Fig. 78 Flash memory control register bit configuration
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e CPU reprogramming mode operation procedure
The operation procedure in CPU reprogramming mode is de-
scribed below.

< Beginning procedure >

O Apply 0V to the CNVss/VPP pin for reset release.

[0 Set the CPU mode register (see Figure 80).

O After CPU reprogramming mode control program is transferred to
internal RAM, jump to this control program on RAM. (The follow-
ing operations are controlled by this control program).

0 Set “1" to the CPU reprogramming mode select bit.

O Apply VpPPH to the CNVss/VPP pin.

[ Wait till CNVss/VpPp pin becomes 12V.

0 Read the CPU reprogramming mode monitor flag to confirm
whether the CPU reprogramming mode is valid.

0 The operation of the flash memory is executed by software-com-
mand-writing to the flash command register .

Note: The following are necessary other than this:

«Control for data which is input from the external (serial 1/0
etc.) and to be programmed to the flash memory

eInitial setting for ports etc.

*Writing to the watchdog timer

7 6 5 4 3 2 10
| | | | | | | | | Flash command register

(FCMD : address OFFF16)

Writing of software command

<Software command name> <Command code>

* Read command “0016”
« Program command “4016"
« Program verify command “C016”
« Erase command “2016" + “2016"
« Erase verify command “A016"
* Reset command “FF16” + “FF16”

Note: The flash command register is write-only register.

Fig. 79 Flash command register bit configuration

< Release procedure >

O Apply 0V to the CNVss/VPP pin.

O Wait till CNVss/VPp pin becomes 0OV.

O Set the CPU reprogramming mode select bit to “0.”

Each software command is explained as follows.

e Read command

When “0016" is written to the flash command register, the
M38869FFAHP enters the read mode. The contents of the corre-
sponding address can be read by reading the flash memory (For
instance, with the LDA instruction etc.) under this condition.

The read mode is maintained until another command code is written
to the flash command register. Accordingly, after setting the read
mode once, the contents of the flash memory can continuously be
read.

After reset and after the reset command is executed, the read
mode is set.

b7 b0
| | | | | | | 0 | | CPU mode register
(CPUM : address 003B16)
Processor mode bits

bl b0

0 0 : Single-chip mode

0 1 : Memory expansion mode
1 X : Notavailable

Stack page selection bit
0 : 0 page
1 :1page

Reserved
(Do not write “0” to this bit when using
XcIN-XcourT oscillation function.)

Port Xc switch bit
0 : I/0 port function (stop oscillating)
1: Xcin—Xcour oscillating function

Main clock (XIN-XouT) stop bit
0 : Oscillating
1: Stopped

Main clock division ratio selection bits
b7 b6
: @ = f(XIN)/2 (high-speed mode)
: @ = f(XIN)/8 (middle-speed mode)
1 @ = f(XcIN)/2 (low-speed mode)

0
0
1
1 : Not available

0
1
0
1

Fig. 80 CPU mode register bit configuration in CPU rewriting
mode
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e Program command

When “4016" is written to the flash command register, the

M38869FFAHP enters the program mode.

Subsequently to this, if the instruction (for instance, STA or LDM

instruction) for writing byte data in the address to be programmed

is executed, the control circuit of the flash memory executes the

program. The erase/program busy flag of the flash memory control

register is set to “1” when the program starts, and becomes “0"

when the program is completed. Accordingly, after the write in-

struction is executed, CPU can recognize the completion of the

program by polling this bit.

The programmed area must be specified beforehand by the erase/

program area select bits.

During programming, watchdog timer stops with “FFFF16” set.

Note: A programming operation is not completed by executing the
program command once. Always be sure to execute a pro-
gram verify command after executing the program command.
When the failure is found in this verification, the user must re-
peatedly execute the program command until the pass. Refer
to Figure 81 for the flow chart of the programming.

e Program verify command

When “C016" is written to the flash command register, the
M38869FFAHP enters the program verify mode. Subsequently to
this, if the instruction (for instance, LDA instruction) for reading
byte data from the address to be verified (i.e., previously pro-
grammed address), the contents which has been written to the
address actually is read.

CPU compares this read data with data which has been written by
the previous program command. In consequence of the compari-
son, if not agreeing, the operation of “program — program verify”
must be executed again.

e Erase command

When writing “2016” twice continuously to the flash command reg-

ister, the flash memory control circuit performs erase to the area

specified beforehand by the erase/program area select bits.

Erase/program busy flag of the flash memory control register be-

comes “1” when erase begins, and it becomes “0" when erase

completes. Accordingly, CPU can recognize the completion of
erase by polling this bit.

Data “0016” must be written to all areas to be erased by the pro-

gram and the program verify commands before the erase

command is executed.

During erasing, watchdog timer stops with “FFFF16” set.

Note: The erasing operation is not completed by executing the erase
command once. Always be sure to execute an erase verify
command after executing the erase command. When the fail-
ure is found in this verification, the user must repeatedly ex-
ecute the erase command until the pass. Refer to Figure 81 for
the erasing flowchart.

e Erase verify command

When “A016" is written to the flash command register, the

M38869FFAHP enters the erase verify mode. Subsequently to

this, if the instruction (for instance, LDA instruction) for reading

byte data from the address to be verified, the contents of the ad-

dress is read.

CPU must erase and verify to all erased areas in a unit of ad-

dress.

If the address of which data is not “FF16" (i.e., data is not erased)

is found, it is necessary to discontinue erasure verification there,

and execute the operation of “erase - erase verify” again.

Note: By executing the operation of “erase — erase verify” again
when the memory not erased is found. It is unnecessary to
write data “0016” before erasing in this case.

e Reset command

The reset command is a command to discontinue the program or
erase command on the way. When “FF16” is written to the command
register two times continuously after “4016” or “2016" is written to the
flash command register, the program, or erase command becomes
invalid (reset), and the M38869FFAHP enters the reset mode.

The contents of the memory does not change even if the reset com-
mand is executed.

DC Electric Characteristics
Note: The characteristic concerning the flash memory part are the
same as the characteristic of the parallel /O mode.

AC Electric Characteristics
Note: The characteristics are the same as the characteristic of the
microcomputer mode.
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81 Flowchart of program/erase operation at CPU reprogramming mode
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

NOTES ON PROGRAMMING

Processor Status Register

The contents of the processor status register (PS) after a reset are
undefined, except for the interrupt disable flag (I) which is “1.” Af-
ter a reset, initialize flags which affect program execution. In
particular, it is essential to initialize the index X mode (T) and the
decimal mode (D) flags because of their effect on calculations.

Interrupts

The contents of the interrupt request bits do not change immedi-
ately after they have been written. After writing to an interrupt
request register, execute at least one instruction before perform-
ing a BBC or BBS instruction.

Decimal Calculations

« To calculate in decimal notation, set the decimal mode flag (D)
to “1”, then execute an ADC or SBC instruction. After executing
an ADC or SBC instruction, execute at least one instruction be-
fore executing a SEC, CLC, or CLD instruction.

¢ In decimal mode, the values of the negative (N), overflow (V),
and zero (Z) flags are invalid.

Timers
If a value n (between 0 and 255) is written to a timer latch, the fre-
quency division ratio is 1/(n+1).

Multiplication and Division Instructions

¢ The index X mode (T) and the decimal mode (D) flags do not af-
fect the MUL and DIV instruction.

* The execution of these instructions does not change the con-
tents of the processor status register.

Ports

The contents of the port direction registers cannot be read. The

following cannot be used:

¢ The data transfer instruction (LDA, etc.)

* The operation instruction when the index X mode flag (T) is “1”

¢ The instruction with the addressing mode which uses the value
of a direction register as an index

* The bit-test instruction (BBC or BBS, etc.) to a direction register

¢ The read-modify-write instructions (ROR, CLB, or SEB, etc.) to
a direction register.

Use instructions such as LDM and STA, etc., to set the port direc-

tion registers.

Serial 1/0

In clock synchronous serial 1/0O, if the receive side is using an ex-
ternal clock and it is to output the SRDY1 signal, set the transmit
enable bit, the receive enable bit, and the SRDY1 output enable bit
to “1”

Serial 1/01 continues to output the final bit from the TxD pin after
transmission is completed. SouT2 pin for serial /02 goes to high
impedance after transfer is completed.

When in serial /01 (clock-synchronous mode) or in serial /02, an
external clock is used as synchronous clock, write transmission
data to the transmit buffer register or serial 1/02 register, during
transfer clock is “H.”

A-D Converter

The comparator uses capacitive coupling amplifier whose charge
will be lost if the clock frequency is too low.

Therefore, make sure that f(XIN) is at least on 500 kHz during an
A-D conversion.

Do not execute the STP or WIT instruction during an A-D conver-
sion.

D-A Converter

The accuracy of the D-A converter becomes rapidly poor under
the Vcc = 4.0 V or less condition; a supply voltage of Vcc 24.0 V
is recommended. When a D-A converter is not used, set all values
of D-Ai conversion registers (i=1, 2) to “0016.”

Instruction Execution Time

The instruction execution time is obtained by multiplying the pe-
riod of the internal clock @ by the number of cycles needed to
execute an instruction.

The number of cycles required to execute an instruction is shown
in the list of machine instructions.

The period of the internal clock @is half of the XiN period in high-
speed mode.

When the ONW function is used in modes other than single-chip
mode, the period of the internal clock @ may be four times that of
the XIN.
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MITSUBISHI MICROCOMPUTERS

3886 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

NOTES ON USAGE

Handling of Power Source Pins

In order to avoid a latch-up occurrence, connect a capacitor suit-
able for high frequencies as bypass capacitor between power
source pin (Vcc pin) and GND pin (Vss pin), and between power
source pin (Vcc pin) and analog power source input pin (AVssS
pin). Besides, connect the capacitor to as close as possible. For
bypass capacitor which should not be located too far from the pins
to be connected, a ceramic capacitor of 0.01 pF-0.1 pF is recom-
mended.

EPROM version/One Time PROM version/
Flash memory version

The CNVss pin is connected to the internal memory circuit block
by a low-ohmic resistance, since it has the multiplexed function to
be a programmable power source pin (VPP pin) as well.

To improve the noise reduction, connect a track between CNVss
pin and Vss pin or Vcc pin with 1 to 10 kQ resistance.

The mask ROM version track of CNVss pin has no operational in-
terference even if it is connected to Vss pin or Vcc pin via a
resistor.

DATA REQUIRED FOR MASK ORDERS

The following are necessary when ordering a mask ROM produc-

tion:

1.Mask ROM Confirmation Form

2.Mark Specification Form

3.Data to be written to ROM, in EPROM form (three identical cop-
ies)

DATA REQUIRED FOR One Time PROM

PROGRAMMING ORDERS

The following are necessary when ordering a PROM programming

service:

1.ROM Programming Confirmation Form

2.Mark Specification Form

3.Data to be programmed to PROM, in EPROM form (three identi-
cal copies)
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

ELECTRICAL CHARACTERISTICS

Table 28 Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
Vcc Power source voltages (M38867M8A, M38867E8A) -0.3t07.0 \
\Yele! Power source voltages (M38869MFA, M38869FFA) -0.3t06.5 \%

Input voltage  P00-P07, Plo-P17, P20-P27,
Vi P30-P37, P40—-P47, P50-P57, —-0.3to Vcc +0.3 \%
P60-P67, P80—P87, VREF
\ Input voltage P70-P77 -0.3t05.8 vV
Vi Input voltage RESET, XIN All voltages are based on Vss. -0.3to Vcc +0.3 \%
Vi Input voltage CNVss (M38867M8A) Output transistors are cut off. -0.3t07 v
Vi Input voltage CNVss (M38869MFA) -0.3to vcc +0.3 \%
Vi Input voltage ~ CNVss (M38867E8A, M38869FFA) —0.3t0 13 \
Output voltage P00—P07, P1lo-P17, P20-P27,
Vo P30-P37, P40—-P47, P50-P57, —-0.3to Vcc +0.3 \%
P60-P67, P80—P87, XouT
Vo Output voltage P70-P77 -0.3t05.8 \%
Pd Power dissipation Ta=25°C 500 mw
Topr Operating temperature —20to 85 °C
Tstg Storage temperature —40 to 125 °C
Table 29 Recommended operating conditions
(Vcc =2.7t05.5V,Ta =-20 to 85 °C, unless otherwise noted)
Limits .
Symbol Parameter - Unit
Min. Typ. Max.
vee Power source voltage (f(XIN) < 4.1 MHz) 2.7 5.0 5.5 v
Power source voltage (f(XIN) = 10 MHz) 4.0 5.0 5.5
Vce Power source voltage (flash memory version) 4.0 5.0 5.5 \%
Vss Power source voltage 0 \%
VREF Analog reference voltage (when A-D converter is used) 2.0 Vcc v
Analog reference voltage (when D-A converter is used) 2.7 Vce
AVss Analog power source voltage 0 \Y
ViA A-D converter input voltage ANo0—AN7 AVss Vce \Y
VI “H” input voltage P00-P07, P10-P17, P20-P27, P30-P37, P4o, P41, 0.8Vce vee Vi
P47, P50-P57, P60—-P67, P80—P87
VIH “H” input voltage P76, P77 0.8vcc 5.5 \
VIH “H” input voltage (when I°C-BUS input level is selected) 0.7Vce 55 Vv
Sba, Sci ’
VIH “H” input voltage (when SMBUS input level is selected) 1.4 55 V;
SDA, ScL :
VIH “H” input voltage (when CMOS input level is selected)__ _
P42-P46, DQ0-DQ7, W, R, S0, S1, Ao 0.8vee vee |V
VIH “H” input voltage (when CMOS input level is selected)
P70-P75 0.8Vcc 5.5 \Y,
VIH “H” input voltage (when TTL input level is selected) 20 vee v
P42-P46, DQ0-DQ7, W, R, So, S1, Ao (Note) :
VIH “H” input voltage (when TTL input level is selected) 2.0 5.5 v
P70—P75 (Note) ) )
VIH “H” input voltage RESET, XIN, XCIN, CNVss 0.8Vcc Vcc
“L” input voltage P00-PO07, P10-P17, P20-P27, P30-P37, P40-P47,
Vit P50-P57. P60-P67. P70-P77. P80-P87 0 0.2vee
VIL “L” input voltage (when 12C-BUS input level is selected)
SDA, ScL 0 03vec | v
VIL “L” input voltage (when SMBUS input level is selected) 0 0.6 v
SDA, SCL )
VIL “L” input voltage (when CMOS input level is selected) o 0 02vee | v
P42—P46, P70-P75, DQ0-DQ7, W, R, So, S1, Ao )
VIL “L” input voltage (when TTL input level is selected) - 0 0.8
P42—P4s, P70—P75, DQ0—-DQ7, W, R, So, S1, Ao (Note) )
ViL “L” input voltage RESET, CNVss 0 0.2vcc | Vv
VL “L” input voltage XIN, XCIN 0 016vec| V

Note : When V

ccis4.0to5.5V.
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

Table 30 Recommended operating conditions
(Vcc =2.7t05.5V,Ta =-20 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. Typ. Max.
SloH(peak) | “H” total peak output current P00-P07, P10-P17, P20-P27, P30-P37, P80-P87 (Note) -80 mA
SloH(peak) | “H” total peak output current P40-P47, P50-P57, P60—P67 (Note) -80 mA
>lOL(peak) “L” total peak output current P0o0-P07, P10-P17, P20-P23, P30-P37, P80-P87 (Note) 80 mA
In single-chip mode 80 mA
S 1oL(beak “L” total peak output current -
(peak) P24-P27 (Note) In memory expansion mode 20 mA
In microprocessor mode
>lOL(peak) “L” total peak output current P40-P47,P50-P57, P60-P67, P70-P77 (Note) 80 mA
> |OH(avg) “H” total average output current P00-P07, P10-P17, P20-P27, P30—-P37, P80—-P87 (Note) -40 mA
> |OH(avg) “H” total average output current P40—P47,P50-P57, P60—P67 (Note) -40 mA
>l0oL(avg) “L” total average output current P00-P07, P10-P17, P20-P23, P30-P37, P80-P87 (Note) 40 mA
In single-chip mode 40 mA
>loL(avg) 'L total average output current In memory expansion mode
P24-P27 (Note ;
( ) In microprocessor mode 40 mA
>loL(avg) “L” total average output current P40-P47,P50-P57, P60-P67, P70—-P77 (Note) 40 mA

Note : The total output current is the sum of all the currents flowing through all the applicable ports. The total average current is an average value measured
over 100 ms. The total peak current is the peak value of all the currents.
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

Table 31 Recommended operating conditions

(Vcc =2.7t05.5V,Ta =—20 to 85 °C, unless otherwise noted)

Limits )
Symbol Parameter - Unit
Min. Typ. Max.
“H” peak output current P00—-P07, P10-P17, P20-P27, P30—P37, P40-P47,
10H(peak) P50—P57, P60—P67, P80—P87 (Note 1) -10 | mA
“L” peak output current P00-P07, P10-P17, P20-P23, P30—P37, P40-P47,
|0L(peak) P50-P57, P60-P67, P70-P77, P80—P87 (Note 1) 10| mA
In single-chip mode 20 mA
|0L(peak) 'L peak output current In memory expansion mode
P24—P27 (N 1
(Note 1) In microprocessor mode 10 mA
|OH(avg) “H” average output current P00-P07, P10-P17, P20-P27, P30-P37, P40-P47, 5 mA
P50-P57, P60-P67, P80—P87 (Note 2)
IoL(avg) “L” average output current P00-P07, P1o-P17, P20-P23, P30-P37, P40-P47, 5 mA
P50-P57, P60-P67, P70-P77, P80—P87 (Note 2)
. In single-chip mode 15 mA
loL(avg) L" peak output current - r
9 P24-P27 (Note 2) In memory expansion mode
In microprocessor mode 5 mA
High-speed mode
4.0V<Vcc <55V 10 | MHz
High-speed mode
2.7V<Vcc<4.0V 45vee-8 | MHz
f(XIN) Main clock input oscillation Middle-speed mode MH
frequency (Note 3) 4.0V<Vcc<55V 10 z
Middle-speed mode
2.7 V< Vce < 4.0 V (Note 5) 10| MHz
Middle-speed mode
2.7 V< Vce < 4.0 V (Note 5) 45Vee-8 | MHz
f(XcIN) Sub-clock input oscillation frequency (Notes 3, 4) 32.768 50 kHz

Notes 1: The peak output current is the peak current flowing in each port.
2: The average output current loL(avg), IoH(avg) are average value measured over 100 ms.

a b~ w

the max. 4.5Vcc—8 (MHz).

: When the oscillation frequency has a duty cycle of 50%.
: When using the microcomputer in low-speed mode, set the sub-clock input oscillation frequency on condition that f(XCIN) < f(XIN)/3.
: When using the timer X/Y, timer 1/2, serial 1/01, serial /02, A-D converter, comparator, and PWM, set the main clock input oscillation frequency to
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3886 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

Table 32 Electrical characteristics
(Vcc =2.7t05.5V,Vss=0V,Ta=-20 to 85 °C, unless otherwise noted)

Limits
| P T iti i
Symbo arameter est conditions Min. . Max. Unit
“H” output voltage IoH =-10 mA
vo P00-P07, P10-P17, P20-P27 Ve = 4.0-5.5V vee-2.0 v
H P30-P37, P40-P47, P50-P57 loH=-1.0 mA v 10 Vv
P60—P67, P80-P87 (Note) vee = 2.7-5.5V ce-L
“L” output voltage loL=10 mA 20 v
VoL P00-PO7, P10-P17, P20-P27 Vcc =4.0-55V :
P30-P37, P40-P47, P50-P57 loL=1.6 mA 0.4 v
P60-P67, P70-P77, P80—P87 Vcec =2.7-55V '
Hysteresis
CNTRo, CNTR4, INTo, INT1
VT+-VT- ' ' ' 0.4
* INT20—INT40, INT21-INT41 v
P30-P37
Hysteresis
VT+-VT- RxD, SCLK1, SIN2, SCLK2 0.5 v
VT+-VT- Hysteresis RESET 0.5 v
“H” input current Vi = Vee
P00-PO7, P10-P17, P20-P27 - )
i P30-P37, P40-P47, P50-P57 Eggs?gtitr'ggbg,‘;"'“p 5.0 WA
P60-P67, P70-P77, P80—P87
IIH “H” input current  RESET, CNVss | Vi=Vcc 5.0 HA
IH “H” input current  XIN Vi =Vce 4 PA
“L"input current _
" P00-P07, P1o-P17, P20-P27 E/Plir: \ff);ﬁng Pull-up 50 A
P30-P37, P40-P47, P50-P57 transistors “6ff") '
P60-P67, P70-P77, P80—P87
liL “L”input current  RESET,CNVss Vi =Vss -5.0 HA
I “L”input current  XIN VI=Vss —4 HA
o Vi=Vss -20 -60 -120 LA
m L"input current Vcec =4.0-55V
P30-P37 (at Pull-up) VI =Vss 10
Vce =2.7-55V B KA
VRAM RAM hold voltage When clock stopped 2.0 5.5 \%

Note: P00o—P03 are measured when the PO0—P03 output structure selection bit of the port control register 1 (bit 0 of address 002E16) is “0”.
P04—P07 are measured when the P0O4—P07 output structure selection bit of the port control register 1 (bit 1 of address 002Ez1s) is “0”.
P10-P13 are measured when the P10—P13 output structure selection bit of the port control register 1 (bit 2 of address 002Ez16) is “0”.
P14-P17 are measured when the P14—P17 output structure selection bit of the port control register 1 (bit 3 of address 002Ez1s) is “0”.

P42, P43, P44, and P46 are measured when the P4 output structure selection bit of the port control register 2 (bit 2 of address 002F16) is “0”.

P45 is measured when the P4s/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B16) is “0”.
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Table 33 Electrical characteristics
(Vcc =2.7t05.5V,Vss=0V,Ta=-20to 85 °C, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
High-speed mode
f(XIN) = 10 MHz
f(XCIN) = 32.768 kHz 8.0 15 mA
Output transistors “off”
High-speed mode
f(XIN) = 8 MHz 6.8 13 mA

f(XCIN) = 32.768 kHz
Output transistors “off”

High-speed mode

f(XIN) = 10 MHz (in WIT state) 16
f(XcIN) = 32.768 kHz )
Output transistors “off”

Low-speed mode
f(XIN) = stopped
f(XCIN) = 32.768 kHz
Output transistors “off”

Low-speed mode

f(XIN) = stopped

Icc Power source current f(XcIN) = 32.768 kHz (in WIT state)
Output transistors “off”

Low-speed mode (Vcc =3V)
f(XIN) = stopped

f(XCIN) = 32.768 kHz

Output transistors “off”

Low-speed mode (Vcc =3V)
f(XIN) = stopped

f(XCIN) = 32.768 kHz (in WIT state) 8.0 200 WA
Output transistors “off”

Middle-speed mode
f(XIN) = 10 MHz
f(XCIN) = stopped
Output transistors “off”
Middle-speed mode
f(XIN) = 10 MHz (in WIT state) 15 mA
f(XCIN) = stopped

Output transistors “off”

Increment when A-D conversion is
executed 800 HA
f(XIN) = 10 MHz

mA

60 200 HA

20 40 HA

20 55 HA

4.0 7.0 mA

All oscillation stopped | Ta =25 °C 0.1 1.0 HA

(in STP state)

Output transistors “off” | Ta = 85 °C 10 HA
90 MITSUBISHI
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

Table 34 A-D converter characteristics (1)
(Vecc=2.7t05.5V,VREF= 2.0V toVcc,Vss = AVss = 0V, Ta =-20 to 85 °C, unless otherwise noted)

10-bit A-D mode (when conversion mode selection bit (bit 7 of address 0038 16) is “0”)
. Limits .
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
- Resolution 10 bit
- Absolute accuracy (excluding quantization error) | VcCc=VREF=5.0V +4 LSB
tCONV Conversion time 61 2tc(XIN)
RLADDER Ladder resistor 12 35 100 kQ
IVREF Reference power at A-D converter operated | VREF=5.0 V 50 150 200 MA
source input current | ot A-D converter stopped | VREF= 5.0V 5 A
lI(AD) A-D port input current 5.0 LA
Table 35 A-D converter characteristics (2)
(Vcc=2.7t05.5V,VREF= 2.0V toVcc,Vss = AVss = 0V, Ta=-20 to 85 °C, unless otherwise noted)
8-bit A-D mode (when conversion mode selection bit (bit 7 of address 0038 16) is“1")
" Limits )
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
- Resolution 8 bit
- Absolute accuracy (excluding quantization error) | Vcc=VREF=5.0V +2 LSB
tCONV Conversion time 50 2tc(XIN)
RLADDER Ladder resistor 12 35 100 kQ
IVREE Reference power at A-D converter operated | VREF=5.0V 50 150 200 MA
source input current | ot A-D converter stopped | VREF=5.0 V 5 A
11(AD) A-D port input current 5.0 UA
Table 36 D-A converter characteristics
(Vcc=2.7t05.5V,VREF= 2.7V toVcc,Vss = AVss = 0V, Ta = -20 to 85 °C, unless otherwise noted)
Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
- Resolution 8 Bits
Vcc=4.0-5.5V 1.0 %
- Absolute accuracy
Vcc=2.7-4.0V 2.5 %
tsu Setting time 3 ps
RO Output resistor 1 2.5 4 kQ
IVREF Reference power source input current (Note 1) 3.2 mA
Note 1: Using one D-A converter, with the value in the D-A conversion register of the other D-A converter being “0016”.
Table 37 Comparator characteristics
(Vcc =2.7t05.5V,Vss =0V, Ta=-20 to 85 °C, unless otherwise noted)
. Limits .
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
- Absolute accuracy 1LSB =Vcc/16 1/2 LSB
at 10 MHz operating 2.8 us
Tconv Conversion time at 8 MHz operating 3.5 us
at 4 MHz operating 7 us
VIA Analog input voltage 0 Vce vV
A Analog input current 5.0 MA
RLADDER Ladder resistor 20 40 50 kQ
Internal reference voltage 20vec
CMPREF /32
External reference input voltage Vcc/32 Vce
MITSUBISHI o1
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

TIMING REQUIREMENTS

Table 38 Timing requirements (1)
(Vcc=4.0t05.5V,Vss =0V, Ta=-20 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. Typ. Max.

tw(RESET) Reset input “L” pulse width 2 us
tCc(XIN) Main clock input cycle time 100 ns
tWH(XIN) Main clock input “H” pulse width 40 ns
tWL(XIN) Main clock input “L” pulse width 40 ns
tc(XCIN) Sub-clock input cycle time 20 us
tWH(XCIN) Sub-clock input “H” pulse width 5 us
tWL(XCIN) Sub-clock input “L” pulse width 5 us
tc(CNTR) CNTRo, CNTR1 input cycle time 200 ns
tWH(CNTR) CNTRo, CNTR1 input “H” pulse width 80 ns
tWL(CNTR) CNTRo, CNTR1 input “L” pulse width 80 ns
twH(INT) llrl:lr')l'lj)t “II-NI”T;{JIISNJ;EHIQHO’ INT40, INT21, INT31, INT41 80 ns
WL(NT) :r’:l;;rL?t "ISLHIST\;?&I#TSO’ INT40, INT21, INT31, INT41 80 ns
tC(SCLK1) Serial 1/01 clock input cycle time (Note) 800 ns
tWH(SCLK1) Serial 1/01 clock input “H” pulse width (Note) 370 ns
tWL(SCLK1) Serial 1/01 clock input “L” pulse width (Note) 370 ns
tsu(RxD-ScLK1) Serial 1/01 input setup time 220 ns
th(SCLK1-RxD) Serial I/01 input hold time 100 ns
tC(SCLK2) Serial 1/02 clock input cycle time 1000 ns
tWH(SCLK?2) Serial 1/02 clock input “H” pulse width 400 ns
tWL(SCLK2) Serial 1/02 clock input “L” pulse width 400 ns
tsu(SIN2-SCLK2) Serial 1/02 input setup time 200 ns
th(SCLK2-SIN2) Serial 1/02 input hold time 200 ns

Note : When bit 6 of address 001A16 is “1” (clock synchronous).
Divide this value by four when bit 6 of address 001A16 is “0” (UART).
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Table 39 Timing requirements (2)
(Vcc=2.7t04.0V,Vss =0V, Ta=-20 to 85 °C, unless otherwise noted)

Limits ]
Symbol Parameter i, Typ. | Max. Unit
tw(RESET) Reset input “L” pulse width 2 us
tC(XIN) Main clock input cycle time 1000/(4.5Vcc-8) ns
tWH(XIN) Main clock input “H” pulse width 400/(4.5Vcc-8) ns
tWL(XIN) Main clock input “L” pulse width 400/(4.5Vcc-8) ns
tc(XCIN) Sub-clock input cycle time 20 us
tWH(XCIN) Sub-clock input “H” pulse width 5 us
tWL(XCIN) Sub-clock input “L” pulse width 5 us
tC(CNTR) CNTRo, CNTR1 input cycle time 500 ns
tWH(CNTR) CNTRo, CNTR1 input “H” pulse width 230 ns
tWL(CNTR) CNTRo, CNTR1 input “L” pulse width 230 ns
INTo, INTz, INT20, INT30, INT40, INT21, INT31, INT41
tWH(INT) input “H” pulse width 230 ns
INTo, INTz, INT20, INT30, INT40, INT21, INT31, INT41
WL(INT) input “L” pulse width 230 ns
tc(ScLki) Serial 1/01 clock input cycle time (Note) 2000 ns
tWH(SCLK1) Serial 1/01 clock input “H” pulse width (Note) 950 ns
twL(SCLK1) Serial 1/01 clock input “L” pulse width (Note) 950 ns
tsu(RxD-SCLK1) Serial 1/01 input setup time 400 ns
th(ScLk1-RxD) Serial /01 input hold time 200 ns
tc(ScLk2) Serial 1/02 clock input cycle time 2000 ns
tWH(SCLK?2) Serial 1/02 clock input “H” pulse width 950 ns
twL(SCLK2) Serial 1/02 clock input “L” pulse width 950 ns
tsu(SIN2-SCLK?2) Serial 1/02 input setup time 400 ns
th(SCLK2-SIN2) Serial /02 input hold time 300 ns
Note : When bit 6 of address 001A16 is “1” (clock synchronous).
Divide this value by four when bit 6 of address 001Az16 is “0” (UART).
MITSUBISHI 03

ELECTRIC



MITSUBISHI MICROCOMPUTERS

3886 Group

O and
RN 5‘;6:\\3\\5\6"‘ o¢
—“\\S"s ‘\\(?;\'\ﬁ‘“s ‘
X8 e
Yome ** SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

Table 40 Timing requirements for system bus interface
(Vcc=4.0t05.5V,Vss =0V, Ta=-20 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. Typ. Max.
tsu (S-R) So, St1 setup time 0 ns
tsu (S-W) So, St1 setup time 0 ns
th (R-S) So, S1 hold time 0 ns
th (W-S) So, S1 hold time 0 ns
tsu (A-R) AO setup time 10 ns
tsu (A-W) A0 setup time 10 ns
th (R-A) A0 hold time 0 ns
th (W-A) A0 hold time 0 ns
tw (R) Read pulse width 120 ns
tw (W) Write pulse width 120 ns
tsu (D-W) Before write data input setup time 50 ns
th (W-D) After write data input hold time 0 ns
Table 41 Timing requirements for system bus interface
(Vcc=2.7t04.0V,Vss =0V, Ta=-20 to 85 °C, unless otherwise noted)

Limits .

Symbol Parameter - Unit

Min. Typ. Max.

tsu (S-R) So, S1 setup time 0 ns
tsu (S-W) So, S1 setup time 0 ns
th (R-S) S0, S1 hold time 0 ns
th (W-S) S0, S1 hold time 0 ns
tsu (A-R) AO setup time 30 ns
tsu (A-W) AO setup time 30 ns
th (R-A) A0 hold time 0 ns
th (W-A) A0 hold time 0 ns
tw (R) Read pulse width 250 ns
tw (W) Write pulse width 250 ns
tsu (D-W) Before write data input setup time 130 ns
th (W-D) After write data input hold time 0 ns

94 MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

3886 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

Table 42 Switching characteristics 1
(Vcc=4.0t05.5V,Vss =0V, Ta=-20 to 85 °C, unless otherwise noted)

Symbol Parameter - Limits Unit
Min. Typ. Max.
tWH (SCLK1) Serial 1/01 clock output “H” pulse width tc(ScLk1)/2-30 ns
twi (ScLk1) Serial 1/01 clock output “L” pulse width tc(ScLk1)/2-30 ns
td (ScLk1-TxD) Serial 1/01 output delay time (Note 1) 140 ns
tv (ScLK1-TxD) Serial 1/01 output valid time (Note 1) -30 ns
tr (ScLK1) Serial 1/01 clock output rising time 30 ns
tf (SCLK1) Serial 1/01 clock output falling time 30 ns
tWH (SCLK2) Serial 1/02 clock output “H” pulse width tc(ScLk2)/2—160 ns
twi (ScLk2) Serial 1/02 clock output “L” pulse width tc(ScLk2)/2—160 ns
td (ScLk2-SouT2) | Serial I/02 output delay time 200 ns
tv (ScLk2-SouT2) | Serial I/02 output valid time 0 ns
tf (ScLK2) Serial 1/02 clock output falling time 30 ns
tr (CMOS) CMOS output rising time (Note 2) 10 30 ns
tf (CMOS) CMOS output falling time (Note 2) 10 30 ns
Notes 1: When the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B16) is “0”.
2: The Xourt pin is excluded.
Table 43 Switching characteristics 2
(Vcc=2.7t04.0V,Vss =0V, Ta=-20 to 85 °C, unless otherwise noted)
Limits .
Symbol Parameter in. Typ. | Max Unit
tWH (ScLK1) Serial 1/01 clock output “H” pulse width tc(ScLk1)/2-50 ns
twL (SCLK1) Serial 1/01 clock output “L” pulse width tc(ScLk1)/2-50 ns
td (SCcLKk1-TxD) Serial 1/01 output delay time (Note 1) 350 ns
tv (SCLK1-TxD) Serial /01 output valid time (Note 1) -30 ns
tr (ScLk1) Serial 1/01 clock output rising time 50 ns
tf (SCLK1) Serial 1/01 clock output falling time 50 ns
tWH (ScLK2) Serial 1/02 clock output “H” pulse width tc(ScLk2)/2-240 ns
twL (SCLK?2) Serial 1/02 clock output “L” pulse width tc(ScLk2)/2-240 ns
td (ScLk2-SouT2) | Serial I/02 output delay time 400 ns
tv (ScLk2-SouT2) | Serial I/02 output valid time 0 ns
tf (SCLK2) Serial 1/02 clock output falling time 50 ns
tr (CMOS) CMOS output rising time (Note 2) 20 50 ns
tf (CMOS) CMOS output falling time (Note 2) 20 50 ns
Notes 1: When the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B16) is “0”.
2: The XouT pin is excluded.
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Table 44 Switching characteristics for system bus interface
(Vcc=4.0t05.5V,Vss =0V, Ta=-20 to 85 °C, unless otherwise noted)

Limits
Symbol Parameter - Unit
Min. Typ. Max.
ta(R-D) After read data output enable time 80 ns
tv(R-D) After read data output disable time 0 30 ns
tPLH(R-OBF) After read OBFoo, OBFo1, OBF10 output propagation time 150 ns
Table 45 Switching characteristics for system bus interface
(Vcc=2.7t04.0V,Vss =0V, Ta =-20 to 85 °C, unless otherwise noted)
Limits )
Symbol Parameter Min. . Max. Unit
ta(R-D) After read data output enable time 130 ns
tv(R-D) After read data output disable time 0 85 ns
tPLH(R-OBF) After read OBFoo, OBFo01, OBF10 output propagation time 300 ns
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Table 46 Timing requirements in memory expansion mode and microprocessor mode
(Vcc=4.0t05.5V,Vss =0V, Ta=-20 to 85 °C, in high-speed mode, unless otherwise noted)

Limits
Symbol Parameter - Unit
Min. Typ. Max.
tsu (ONW-@) ONW input setup time -20 ns
th (@-ONW) ONW input hold time -20 ns
tsu (DB-@) Data bus setup time 50 ns
th (¢-DB) Data bus hold time 0 ns
tsu (ONW-RD), tsu (ONW-WR) | ONW input setup time -20 ns
th (RD-ONW), th (WR-ONW) ONW input hold time -20 ns
tsu (DB-RD) Data bus setup time 50 ns
th (RD-DB) Data bus hold time 0 ns
Table 47 Switching characteristics in memory expansion mode and microprocessor mode
(Vcc=4.0t0 5.5V,Vss =0V, Ta=-20 to 85 °C, in high-speed mode, unless otherwise noted)

Symbol Parameter con-[fizgns Vin. lelts_l_yp_ Max. Unit
tc(g) @ clock cycle time 2tc(XIN) ns
tWH(¢) @ clock “H” pulse width tc(XiNn)-10 ns
twi(g) o clock “L” pulse width tc(XIN)-10 ns
td(q@-AH) AD15-ADs delay time 16 35 ns
td(¢-AL) AD7-ADo delay time 20 40 ns
tv(p-AH) AD15-ADs valid time 2 5 ns
tv(@-AL) AD7-ADo valid time 2 5 ns
td(@-SYNC) SYNC delay time 16 ns
tv(p-SYNC) SYNC valid time Fig. 82 5 ns
td(¢-DB) Data bus delay time 15 30 ns
tv(¢-DB) Data bus valid time 10 ns

e o RD pulse width, WR pulse width tc(XIN)-10 ns
twL(RD), twL(WR) RD pulse width, WR pulse width 3tc(XIN)-10 ns

(When one-wait is valid)

td(AH-RD), td(AH-WR) | AD15-ADs delay time tc(XIN)—35 tC(XIN)—16 ns
td(AL-RD), td(AL-WR) AD7-ADo delay time tc(XIN)—40 tC(XIN)—-20 ns
tv(RD-AH), tv(WR-AH) | AD15-ADs valid time 2 5 ns
tv(RD-AL), tv(WR-AL) | AD7-ADo valid time 2 5 ns
td(WR-DB) Data bus delay time 15 30 ns
tv(WR-DB) Data bus valid time 10 ns
td(RESET-RESETouT) | RESEToUT output delay time 200 ns
tv(@-RESET0UT) RESETouT output valid time (Note) 0 100 ns

Note: The RESETouT output goes “H” in synchronized with the rise of the ¢ clock that is anywhere between a few cycles and 10-several cycles after RESET

input goes “H”".
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1kQ

Measurement output pin .
Measurement output pin
J; 100pF ; 100pF

CMOS output N-channel open—drain output

Fig. 82 Circuit for measuring output switching characteristics (1) Fig. 83 Circuit for measuring output switching characterist ics (2)
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Timing diagram in single-chip mode

IC(CNTR)

tWL(CNTR)

) TWH(CNTR)
CNTRo, CNTR1 0.8Vce

TWH(INT)

N

)

\‘ 0.2Vcc g

tWL(INT)

|
INTo,INT1 0.8Vce
INT20,INT30,INT40

INT21,INT31,INT41

N
\( 0.2Vcc A

’ IW(RESET) .
RESET 0.8Vce
0.2Vcc
| tcxiny
) TWH(XIN) o TWL(XIN)
0.8Vcc /
XIN )’\‘( 0.2Vce A
| tcxciny
TWH(XCIN) L tWL(XCIN)
0.8V
XCIN ce )’\‘( 0.2Vce 1%
tc(scLky), te(scik2)
tr twL(ScLK1), tWL(SCLK2) tr twH(SCLK1), tWH(SCLK2)
ScLK1 _ J
Scik2 N 0.2vee /| 0-8vee N\
{su(RxD-SCLK1), th(scLki-RxD),
tsu(sIN2-SCLK2) th(scLkz-SIN2)
SIN2 x 0.2Vcc .
tv(SCLK1-TXD),
td(ScLk1-TxD),td(ScLK2-SouT2) tv(ScLk2-SouT2)

TxD

Sout2

Fig. 84 Timing diagram (1) (in single-chip mode)
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Timing diagram in memory expansion mode and microprocessor mode (1)

tc(o)
twH(g) twig
¢ # 05vce N 7/7
td(p-AH) tv(@-AH)
AD15-ADs XX osvec XX
td(e-AL) tv(p-AL)
AD7-ADo ><>< 0.5Vce ><><:
td(e-SYNC) tv(¢-SYNC)
SYNC ><>< 0.5Vce ><><:
(EJ)(oWR) tv(p-WR)
RD,WR 0.5Vce
tSUONW-g) th(e-ONW)
PNIYY, f 0.8\ 3
ONW XXXX XX XXX XA SVES XX
_ tsuDB-g) th(¢-DB)
DBo-DB7 0.8Vcc }
. 0.2V
(At CPU reading) <C
td(¢-DB) tv(¢-DB)
DBo-DB7
(At CPU writing) 0.5vee

Timing diagram in microprocessor mode

I

RESET o,/

N

td(RESET- RESETOUT) tv(¢- RESETOUT)

RESETouT 0.5Vee

) P

Fig. 85 Timing diagram (2) (in memory expansion mode and microprocessor mode)
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AD15—ADs

AD7—ADo

ONW

(At CPU reading)
RD

DBo-DB7

(At CPU writing)
WR

DBo-DB7

Timing diagram in memory expansion mode and microprocessor mode (2)

tWL(RD)
tWL(WR)

td(AH-RD)
td(AH-WR)

\\ 0.5Vce

|

tv(RD-AH)
tv(WR-AH)

><>>< 0.5Vce

K

td(AL-RD)

tv(RD-AL)
tv(WR-AL)

X

td(AL-WR)
tsu(m-@

><>k 0.5Vce
tsu(ONW-WR)

tr(RD-oNW)
th(WR-ONW)

0.2V

ccC
cC

X

0.5Vce

tsu(pB-RD)

|

N

0.5Vce
N

0.8Vcc
0.2Vcc

th(RD-DB)

)l

td(WR-DB)

|

0.5Vce

Fig. 86 Timing diagram (3) (in memory expansion mode and microprocessor mode)
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Read operation

A0

So.St

o

DQo-DQ7

System bus interface timing diagram

tsu(A-R) th(R-A)
2.4 (0.8Vcd 2.4 {(0.8Vcc)
0.45 (0.2Vcg 0.45|(0.2Vcc)
le——>| tsu(S—R) th(R-S)
\‘( 0.45|(0.2Vcc) -+ 0.45 (0.2Vcc)
tw(R)
2.4 (0.8Vce) 3§ ZL 2.4 (0.8Vce)
x0.45 (0.2Vcc) 7 0.45 (0.2Vcc)
2.0 (0.8Vcc) 2.0 (0.8Vcc)
0.8 (0.2Vcc) 0.8 (0.2Vcc)
ta(R-D) |e———] | tv(R-D)
OBFo0,0BFo1,0BF10 | tPL(R-OBF)
\& (0.2Vce)

Write operation

tsu(A-W) th(W-A)
A0
2.4 (0.8Vcc 2.4 |(0.8Vcc)
0.45 (0.2Vcc 0.45|(0.2Vcc)
gg [e—> tsu(S-W) th(W-S) f«—]
0.45|(0.2Vcc) 0.45 (0.2Vcc)
tw(W)
w 2.4 (0.8Vcc) 33 /2.4 (0:8Vcc)
x 0.45 (0.2Vce) 7| 0.45 (0.2Vcc)
th(W-D)
- 2.4 (0.8Vce) 2.4 (0.8Vcc)
D D
Q0B 0.45 (0.2Vcc) 0.45 (0.2V o)
tsu(D-W)
Outside of parenthesis : TTL I/O
Inside of parenthesis : CMOS I/O
Fig. 87 Timing diagram (4) (system bus interface)
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Table 48 Multi-master | 2C-BUS bus line characteristics

Standard clock mode | High-speed clock mode
Symbol Parameter Min. Max. Min. Max. Unit
tBUF Bus free time 4.7 1.3 us
tHD;STA Hold time for START condition 4.0 0.6 us
tLow Hold time for ScL clock = “0” 4.7 1.3 us
tR Rising time of both ScL and Spa signals 1000 20+0.1Cb 300 ns
tHD;DAT Data hold time 0 0 0.9 us
tHIGH Hold time for ScL clock = “1” 4.0 0.6 us
tF Falling time of both ScL and SDA signals 300 20+0.1Cb 300 ns
tSU;DAT Data setup time 250 100 ns
tSu;STA Setup time for repeated START condition 4.7 0.6 us
tsu;sTO Setup time for STOP condition 4.0 0.6 us

Note: Cb = total capacitance of 1 bus line

o : - | /
son 1N / >< N / X \ il
AR i 1 A
e Hmen: tHD:STA tsu:STO e !
L RS Hew r | L
so 71 7|\ \ J/ m
5 S S I 4 I R S B SR i R W b
I -
T tHD:STA tHD:DAT tHIGH tsu:DAT tsu:STA
S : START condition
Sr: RESTART condition
P : STOP condition
Fig. 88 Timing diagram of multi-master | 2C-BUS
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GZZ-SH12-12B<78A0>

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38867M8A-XXXHP

MITSUBISHI ELECTRIC

Mask ROM number

Receipt

Date:
Section head| Supervisor
signature signature

Note : Please fill in all items marked 0.

Company TEL
name (
| Customer
Date .
issued Date:

Issuance
signature

Submitted by

Supervisor

O 1. Confirmation
Specify the type of EPROMs submitted.
Three EPROMSs are required for each pattern.

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on this data.
We shall assume the responsibility for errors only if the mask ROM data on the products we produce differs from this

data. Thus, extreme care must be taken to verify the data in the submitted EPROMs.

Checksum code for entire EPROM

EPROM type (indicate the type used)

] 27512

EPROM address
000016 Product name

(hexadecimal notation)

In the address space of the microcomputer, the internal
ROM area is from address 808016 to FFFD16. The reset

hscll code - vector is stored in addresses FFFC16 and FFFD1s6.
000F16 | ™M38867M8A-
001016
807F16
808016
data
ROM (32K-130) bytes
FFFD16
FFFE16
FFFF16
(1) Set the data in the unused area (the shaded area of Address Address
the diagram) to “FF16”. 000016 000816 ‘A’ =4116
(2) The ASCII codes of the product name “M38867M8A—" 000116 000916 | ‘' =2D16
must be entered in addresses 000016 to 000F16. And 000216 = 000A16 FFi6
set the data “FF16” in addresses 000A16 to 000F16. 000316 = 000B16 FFi6
The ASCII codes and addresses are listed to the right 000416 = 000C16 FFi6
in hexadecimal notation. 000516 = 000D16 FF16
000616 000E16 FFi6
000716 00O0F16 FFi16
(1/2)
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740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38867M8A-XXXHP
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We recommend the use of the following pseudo-command to set the start address of the assembler source program.

EPROM type 27512

*= /A $0000
The pseudo-command | BYTE A‘M38867M8A-’

Note : If the name of the product written to the EPROMSs does not match the name of the mask confirmation form, the ROM
will not be processed.

0 2. Mark specification
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropriate
mark specification form (80P6Q-A) and attach it to the mask ROM confirmation form.

0 3. Usage conditions
Please answer the following questions about usage for use in our product inspection :

(1) How will you use the XIN-XouT oscillator?
[J Ceramic resonator ] Quartz crystal
(1 External clock input [ oOther( )

At what frequency? f(XIN) = |:| MHz

(2) Which function will you use the pins P41/XcIN and P4o/XcouT as P41 and P40, or XCIN and XcouT ?
] Ports P41 and P4o function ] XcIN and XcourT function (external resonator)
(8) Will you use the 12C-BUS function or the SM-BUS function ?

] 12Cc-BUS function used ] SM-BUS function used
[] Notused

0 4. Comments

(2/2)
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740 FAMILY ROM PROGRAMMING CONFIRMATION FORM

SINGLE-CHIP MICROCOMPUTER M38867E8A-XXXHP
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| ROM number
Date:
~ Section head| Supervisor
B signature signature
3
4

Note : Please fill in all items marked 0.

Submitted b Supervisor
Company TEL g o y p
name ( ) 25
O | Customer gg
oD
Date . oz
issued Date:

O 1. Confirmation
Specify the type of EPROMs submitted.
Three EPROMSs are required for each pattern.

If at least two of the three sets of EPROMs submitted contain identical data, we will produce ROM programming based
on this data. We shall assume the responsibility for errors only if the ROM programming data on the products we pro-
duce differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs.

Checksum code for entire EPROM

EPROM type (indicate the type used)

] 27512
EPROM address

000016 Product name

ASCII code :
000F16 | ‘M38867ESA-
001016
807F16
808016

data
ROM (32K-130) bytes|

FFFD16
FFFE16
FFFF16

(1) Set the data in the unused area (the shaded area of
the diagram) to “FF16”.

(2) The ASCII codes of the product name “M38867E8A-"
must be entered in addresses 000016 to 000F16. And
set the data “FF16” in addresses 000A16 to 000F16.
The ASCII codes and addresses are listed to the right
in hexadecimal notation.

(1/2)

Address
000016
000116
000216
000316
000416
000516
000616
000716

Address
‘M’ = 4D16 000816
‘3’ = 3316 000916
‘8" = 3816 000A16
‘8" = 3816 000B16
‘6’ = 3616 000C16
‘7' = 3716 000D16
‘E’ = 4516 000E16
‘8" = 3816 000F16

(hexadecimal notation)

In the address space of the microcomputer, the internal
ROM area is from address 808016 to FFFD16. The reset
vector is stored in addresses FFFCi16 and FFFD1se.

‘A’ =4116
‘—'=2D16
FFi6
FFi6
FFie
FFie
FFie
FFie

‘ MITSUBISHI
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We recommend the use of the following pseudo-command to set the start address of the assembler source program.

EPROM type 27512

*= /A $8000
The pseudo-command | BYTE A ‘M38867E8A—

Note : If the name of the product written to the EPROMSs does not match the name of the ROM programming confirmation
form, the ROM will not be processed.

O 2. Mark specification
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropriate
mark specification form (80P6Q-A) and attach it to the ROM programming confirmation form.

0 3. Usage conditions
Please answer the following questions about usage for use in our product inspection :

(1) How will you use the XIN-XouT oscillator?
[ ] Ceramic resonator [] Quartz crystal
[J External clock input ] Other ( )

At what frequency? f(XIN) = |:| MHz

(2) Which function will you use the pins P41/XcIN and P4o/XcouT as P41 and P40, or XCIN and XcouT ?
] Ports P41 and P4o function ] XcIN and XcourT function (external resonator)
(8) Will you use the 12C-BUS function or the SM-BUS function ?

] 12Cc-BUS function used ] SM-BUS function used
[] Notused

0 4. Comments

(2/2)
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

80P6S (80-PIN QFP) MARK SPECIFICATION FORM
80P6D, 80P6Q (80-PIN Fine-pitch QFP)

Mitsubishi IC catalog hame

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

@
HHARARARARARARHAHAA

®

Mitsubishi IC catalog name

b

Mitsubishi IC catalog name

Mitsubishi product number
(6-digit, or 7-digit)

HAARAARRARRARAARARAAR

HHHEHHHHE BB H A

®
®

AGLLELRELELIE LTS
® @

B. Customer’s Parts Number + Mitsubishi IC Catalog Name

HHARARARAARAHARARHAA

®

Customer’s Parts Number
Note : The fonts and size of characters are standard Mitsubishi type.
, Mitsubishi IC catalog name
Notes 1: 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 10 alphanu-
HHHHHHHHHHHHHHHHHHHH meric characters for capital letters, hyphens, commas,
¢ B
: go is not required, check the box
below.

EX

]

HARRARRRAARARAAARAAR

Rl Rl ERE RIS

®
®

A Mitsubishi logo is not required

5:The allocation of Mitsubishi IC catalog name and
Mitsubishi product number is different on the package
owing to the number of Mitsubishi IC catalog name’s

C. Special Mark Required characters, and the requiring Mitsubishi logo /A or not.

Notes 1: If Special mark is to be printed, indicate the desired
HHHHHHHHHHHHHHHHHHHH layout of the mark in the left figure. The layout will be
duplicated technically as close as possible. Mitsubishi
product number (6-digit, or 7-digit) and Mask ROM
number (3-digit) are always marked for sorting the
products.

: If special character fonts (e.g., customer’s trade mark
logo) must be used in Special Mark, check the box be-
low.

For the new special character fonts, a clean font origi-

AR S e nal (ideally logo drawing) must be submitted.
©)

Special character fonts required

®

Rl Rl R R SRR IR

®

HAARARRRARRRRRAAARAAR

®
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so® SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

PACKAGE OUTLINE

80P6Q-A Plastic 80pin 12012mm body LQFP
EIAJ Package Code JEDEC Code Weight(g) Lead Material
LQFP80-P-1212-0.5 - Cu Alloy MD
B |00 0
HD I =
° |
& Do F 2
TR EEHEEVET N
@z O OE® A 1
= = Recommended Mount Pad
= = .
= = T Svmbol Dimension in Millimeters
= = y Min Nom Max
= = A - - 1.7
= = AL 0 0.1 0.2
@= Q ~@ A2 - 1.4 -
T R R ;. b 013 | 0.18 0.28
@ c 0.105] 0.125| 0.175
A D | 119 [ 120 12.1
E 119 [ 120 12.1
e] - 05 -
L1 Ho | 138 [ 14.0 14.2
HE | 13.8 14.0 14.2
L 0.3 0.5 0.7
N L1 - 1.0 —
< y - - 0.1
0 0° - 10°
. b2 - 0225 -
< 12 1.0 - -
Detail F mz — gj —
80D0 Glass seal 80pin QFN
EIAJ Package Code JEDEC Code Weight(g)
21.0£0.2 3.32MAX 18.440.15
| 178TYP _0.8TYP 0.6TYP
| ‘Hm 0 H‘
N ;\ | \;
1 = =
S = =&
N 5 = = 5|9
f S 5 = ol3
© = = &
=] al B o
> = =
~ || L
_ : @i O
- 74; WinE
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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. Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i) placement of
substitutive, auxiliary circuits, (i) 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.

© 1998 MITSUBISHI ELECTRIC CORP. MITSUBISHI
New publication, effective Jul. 1998. ELECTRIC

Specifications subject to change without notice.
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Rev. Revision Description Rev.
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1.0 | First Edition 980216
2.0 | The contents of flash memory version were added. 980716
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