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Preface

This user’'s manual describes Mitsubishi’'s CMOS 8-
bit microcomputers 3819 Group.

After reading this manual, the user should have a
through knowledge of the functions and features of
the 3819 Group, and should be able to fully utilize
the product. The manual starts with specifications
and ends with application examples.

For details of software, refer to the “740 Family
Software MANUAL".



BEFORE USING THIS USER'S MANUAL

This user's manual consists of the following three chapters. Refer to the chapter appropriate to your conditions, such
as hardware design or software development.

1. Organization

e CHAPTER 1 HARDWARE

This chapter describes features of the microcomputer, operation of each peripheral function and electric
characteristics.

e CHAPTER 2 APPLICATION

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

e CHAPTER 3 APPENDIX
This chapter includes precautions for systems development using the microcomputer, a list of control registers,
the masking confirmation (mask ROM version), and mark specifications which are to be submitted when ordering.
2. Structure of register

The figure of each register structure describes its functions, contents at reset, and attributes as follows :

(Note 2)
Bits Bit attributes

(Note 1)

b7 b6 b5 b4 b3 b2 bl b0 Contents immediately after reset release

..n ... CPU mode register (CPUM) [Address:3B 16]
o (] B Name Function At feset)\R "W
T Processor mode bits 00: Single-chip mode i koo
i i i i i i e 1 1o: }Not available 0 0!0
e 2 |stack page selection bit 9:Qpage 0o |oio
 ERERREEEE 3 |Nothing arranged for these bits. These are write disabled 0 O: o
A 4 |bits. When these bits are read out, the contents are "0". '
o 0 O: 0
R 5 |Fix this bit to "0". 1 |oio
A RREEEECEEEEE R 6 [Main clock (Xin-Xout) stop bit 9 : Qperating o |o:o
******************* 7 |Iinternal system clock selection bit | ¥n-Xgr selected o |O0i0
-: Bit in which nothing is arranged |:|: Bit that is not used for control of the corresponding function

Note 1. Contents immediately after reset release
Qeseese”(Q” at reset release
Leeesee”]1” at reset release
UndefinedeseessUndefined or reset release
DeessesContents determined by option at reset release (D) Note

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

Roo.oooRead WooooooWrite
QeeeeesRead enabled Q eeeees\\/rite enabled
[JesseeeRead disabled [ eeeeee\\rite disabled

O eseeee“Q” Write
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MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

DESCRIPTION

The 3819 group is a 8-bit microcomputer based on the 740 family
core technology.

The 3819 group has a flourescent display automatic display circuit
and an 16-channel 8-bit A-D converter as additional functions.
The various microcomputers in the 3819 group include variations
of internal memory size and packaging. For details, refer to the
section on part numbering.

For details on availability of microcomputers in the 3819 group, re-
fer to the section on group expansion.

FEATURES
e Basic machine-language instructions ...........c.ccccoveeeneeeiineene 71
e The minimum instruction execution time .............ccccccvee.. 0.48 ps

(at 8.4 MHz oscillation frequency)
e Memory size

ROM .t 4K to 60 K bytes
RAM .o 192 to 2048 bytes
e Programmable input/output ports ... .. 54
o High-breakdown-voltage output ports ...........ccccceevciiniiiencnneen. 52
® INLEITUPLS i 20 sources, 16 vectors
® THMEIS .ottt 8-bit 0 6

e Serial I/O (Serial 1/01 has an automatic transfer function)
...................................................... 8-bit O 3(clock-synchronized)

e PWM output circuit 8-bit 0 1(also functions as timer 6)

e A-D converter 8-bit 0 16 channels

8-bit 0 1 channels
1 channel

e D-A converter
e Zero cross detection input
e Fluorescent display function
Segments

...16to 42

e 2 Clock generating circuit
Clock (XIN-XouT)
Sub-clock (XcIN-XcouT)

Internal feedback resistor
Without internal feedback resistor
(connect to external ceramic resonator or quartz-crystal oscil-
lator)
e Power source voltage
In high-speed mode
(at 8.4 MHz oscillation frequency and high-speed selected)

40to55V

In middle-speed Mode...........ccceevviiiiiiiiniiiiiiie e 28t055V
(at 8.4 MHz oscillation frequency)

In low-speed MOode ..........cccveeiiiiiiiciice e 28to55V
(at 32 kHz oscillation frequency)

e Power dissipation

In high-speed mode ..........cccoooiiiiiiiiiiii e 35 mw
(at 8.4 MHz oscillation frequency)

IN low-speed MO ........coiiiiiiiiiiieniee e 60 pw

(at 3 V power source voltage and 32 kHz oscillation frequency )
e Operating temperature range —10to 85°C

APPLICATION

Musical Instruments, household appliance, etc.

PIN CONFIGURATION (TOP VIEW)
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Package type : 100P6S-A
100-pin plastic-molded QFP
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MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(2)vd Wod 1ndu|

€d uod indino (9)¥d uod O/1 Sd uod O/ 9d Hod O/ 8d Hod O/l 6d uod indino vd uod o/l dd Wod Oyl
g
- —GekokkeND0eD)
AAAAAAia
YYVYYVYVYY
[ ®od ]
A
&b
o8s o
S5d 29
=32 Sg _
S 0.0
25 3 9t
35 - — |
[4 A
— m Y y Y A Yvy z_ﬁx
& 2 [®eons] ferzons] [@1ons] TG v-a A
Z Z N ﬂ ﬂ I
= = e}
N kel sng lLnooy
B1ep [8007]
I
[2 4 A 1
e [ICEIE
S31A] 06 SaIAq z€ o L(B) G jawiL indino Indur
VY Aeidsip NV JoISUBH d.LND @ b o sd 320J0-gNS X20|9-qNS |
Jnewoine Jlrewoine AN T w 14 n_u 1N0D NID!
aid olis WM | =ey s TomiL Dd o X X
J19]|0uU0d 13]|0]u0d
! e|dsip h__&mcm: nogL (8) z Jown S
Jhewoine Jlewoine |
aid o/ls 1notL |[ (8) T JswiL A
X
\v4 |
AVY NOY pLIgtoite]
Ndd Bunesauab 390D
Y Y Y 1
[ ®ed [ _®1d |[ ®od | A
Y \W L
v ~ ~ 33A SSA 00A 13s34 1nox NIY
(#)2d wod O/ Td Wod indino 0d uod indino (A 0) (A Q) ndui 1esay ndino ndul
(¥)zd Hod ndino 32010 32010

(V-S9d00T : 8bexoed) NvYOVIA ¥D019 T¥YNOILONNA

MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Function - -
Function except a port function
Vcc, Vss Power source *Apply voltage of 4.0 to 5.5 V to Vcc, and 0 V to Vss.
VEE Pull-down *Applies voltage supplied to pull-down resistors of ports PO, P1, P20—P23, P3, and P9
Power source T . '
VREF CQIta;gge reference *Reference voltage input pin for A-D converter and D-A converter
Anal wer . *GND input pin for A-D converter and D-A converter
AVss al0g POWET SOUICe | ,connect AVSS to Vss.
RESET Reset input *Reset input pin for active “L”
Input and output pins for the main clock generating circuit
XIN Clock input *Feedback resistor is built in between XIN pin and XouT pin.
*Connect a ceramic resonator or a quartz-crystal oscillator between the XiN pin and XouT pin to
set oscillation frequency.
«If an external clock is used, connect the clock source to the XIN pin and leave the XouT pin
Xout Clock output open.
*This clock is used as the oscillating source of system clock.
8-hit output port
PO0/SEG32/ .Thlf F)p(())rt b(lju:ﬁs |\r/1 puII‘-down resistor between
DIGo-PO07/ Output port PO por andthe VEE pin. FLD automatic display pins
SEG39/DIG7 *At reset this port is set to VEE level.
*The high-breakdown-voltage P-channel
open-drain
P10/SEGa40/ «a_hi ; ;
DIGs-P17/ Output port P1 gotr)tltp%utput port with the same function as FLD automatic display pins
DIG15
P20/DIG16— *4-bit output port with the same function as - .
P23/DIG19 Output port P2 port PO FLD automatic display pins
*4-hit 1/0 port
+1/O direction register allows each pin to be individually programmed as either input or output.
P24-P27 I/O port P2 At reset this port is set to input mode.
*TTL input level
*CMOS 3-state output
P30/SEG24— *8-bit output port with the same function as - .
P37/SEG31 Output port P3 port PO FLD automatic display pins
P40/INTo, o hit i
P4s/INT1/ | Input port P4 Zbitinput port . . .
ZCR *CMOS compatible input level External interrupt input pins
A zero cross detection circuit input pin (P45)
P42/INT2—
P44/INT4 *6-bit CMOS 1/O port with the same function
as ports P24—P27
P41 I/O port P4 «CMOS compatible input level
P46/T10UT, *CMOS 3-state output Ti tout bi
P47/T30UT imer output pins
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MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION (Continued)

Pin Name Function Function except a port function
P50/SIN2/ANS,
P51/SouT2/ANg, Serial /02 function pins
P52/ScLk2/AN1o0, «8-bit CMOS 1/0 port with the same function | A-D conversion input pins
P53/SRDY2/AN11 /O port P5 as ports P24—P27
P54/SIN3/AN12, *CMOS compatible input level
P55/SouT3/AN13, *CMOS 3-state output Serial 1/03 function pins
P56/ScLk3/AN14, A-D conversion input pins
P57/SRDY3/AN15
P60
P61/PWM PWM output pin (Timer output pin)
P62/CNTRO, *8-bit CMOS 1/O port with the same function ] ] ]
P63/CNTR1 /0 port P6 as ports P24-P47 Timer input pins
P64/S *CMOS compatible input level
4/SINL, *CMOS 3-state output
P6s/SouTs, Serial I/O1 function pins
P66/ScLK11,
P67/SRDY1/CS/
SCLK12
«8-bit CMOS 1/O port with the same function
P70/ANo- as ports P24-P27 ) P ’
P77/AN7 VO port P7 *CMOS compatible input level A-D conversion input pins
*CMOS 3-state output
«8-bit I/O port with the same function as ports
P24—P27
P e /O port P8 -CMOS compatible input level
*The high-breakdown-voltage P-channel
open-drain
P90/SEG16— *8-bit output port with the same function as - .
P97/SEG23 Output port P9 port PO FLD automatic display pins
*8-bit I1/0 port with the same function as ports
P24-P27
PAO/SEGO- I/O port PA *CMOS compatible input level
PA7/SEG7 «The high-breakdown voltage P-channel open-
drain
PBo/XCOUT I/0 pins for sub-clock generating circuit (con-
PBI/XCIN *4-bit CMOS 1/O port with the same function | nect a ceramic resonator or a quarts-crystal
I/0 port PB as ports P24—P27 oscillator)
*CMOS compatible input level - -
PB2/DA «CMOS 3-state output D-A conversion output pin
PB3
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MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PART NUMBERING

Product M3819 7 - XXX FP

Package type
FP : 100P6S-A package
FS : 100DO0 package

ROM number
Omitted in some types.

————— ROM/PROM size
1 4096 bytes

: 8192 bytes

: 12288 bytes
: 16384 bytes
: 20480 bytes
: 24576 bytes
: 28672 bytes
: 32768 bytes
: 36864 bytes
1 40960 bytes
: 45056 bytes
: 49152 bytes
: 53248 bytes
: 57344 bytes
: 61440 bytes

TMUOW>O©ONO A WNF

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

Memory type
M: Mask ROM version
E : EPROM or One Time PROM version

RAM size

1 192 bytes
: 256 bytes

: 384 bytes

: 512 bytes

: 640 bytes

: 768 bytes

: 896 bytes
: 1024 bytes
: 1536 bytes
: 2048 bytes

©CoOo~NOUR~WNEO
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MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

GROUP EXPANSION

Mitsubishi plans to expand the 3819 group as follows:

(1) Support for mask ROM, One Time PROM, and EPROM ver-
sions
ROM/PROM capacity ........ccccocveeririinniniennnn. 40 K to 60 K bytes
RAM €apacity .........cccoveviieiiiciiiicnieceieee 1024 to 2048 bytes

(2) Packages
100P6S-A ..o 0.65 mm-pitch plastic molded QFP
100D0....cociiiiiiiieeie, Ceramic LCC(built-in EPROM version)

Memory Expansion Plan

ROM size (bytes)

Under development

M38199MF/EF

e T T
%) EES S N AR S S :
52K ””””” Massproduct
e B e o B
44K pomm s ””””” J;"’M’z{s’s]irdahéf ””” ST
o Cmeran )
O o e e e o :
k[ e R oo frovsareoenenaes frassarnaenananas %
2ok [ oo R e i oo :
. R e S e :
i R i :
K | AR S S j;
7] SR S —
| A I - e
K formnanes e formnnanan s forsrmennnsnnaes
256 512 768 1,024 1,536 2,048
RAM size (bytes)
Products under development : the development schedule and specifications may be revised without notice.
Currently supported products are listed below. As of May 1996
(P) ROM size (bytes) ’

Product ROM size for User in () RAM size (bytes) Package Remarks
M38197MA-XXXFP 100P6S-A | Mask ROM version
M38197MA-XXXKP 40960 Mask ROM version

1024 -
M38198MC-XXXKP (40830) 100P6P-E | Mask ROM version
M38199MF-XXXKP Mask ROM version
M38198MC-XXXFP Mask ROM version
M38198EC-XXXFP 49152 o9 100P6S-A | One Time PROM version
M38198ECFP (49022) One Time PROM version (blank)
M38198ECFS 100D0 EPROM version
M38199MF-XXXFP Mask ROM version
M38199EF-XXXFP 61440 2048 100P6S-A | One Time PROM version
M38199EFFP (61310) One Time PROM version (blank)
M38199EFFS 100D0 EPROM version

MITSUBISHI .
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MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONAL DESCRIPTION
Central Processing Unit (CPU)
The 3819 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

CPU Mode Register

The CPU mode register is allocated at address 003B16. The CPU
mode register contains the stack page selection bit and the inter-
nal system clock selection bit.

instruction set.

Machine-resident 740 family instructions are as follows:
The FST, SLW instruction cannot be used.

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

CPU mode register
(CPUM (CM) : address 003B 16)

Processor mode bits

b1 b0

0 0: Single-chip mode
0 1:

1 0: ¢Not available
1 1:

Stack page selection bit
0 : RAM in the zero page is used as stack area
1: RAMin page 1 is used as stack area
Xcour drivability selection bit
0 : Low drive
1 : High drive

Port Xc switch bit
0 : 1/O port function
1 : Xcin-Xcour oscillating function

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

Main clock division ratio selection bit

0 : f(Xin)/2 (high-speed mode)
1 : f(Xin)/8 (middle-speed mode)

Internal system clock selection bit
0 : Xin-Xout selected (middle/high-speed mode)
1 : Xcin-Xcout selected (low-speed mode)

Fig. 1 Structure of CPU mode register
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MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Memory

Special function register (SFR) area

The special function register (SFR) area in the zero page contains
control registers such as 1/0 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 reset is user area for storing programs.

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

Zero page

The 256 bytes from addresses 000016 to OOFF16 are called the
zero page area. The internal RAM and the special function regis-
ters (SFR) are allocated to this area.

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

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

RAM area 000026
SFR a
RAM capacity rea Zero
(bytes) Address XXXX16 004016 page
192 00FF16
256 013F1s 010016
RAM
384 01BF16
512 023F16
640 02BF16 XXXX16 | o o .
768 033F1s
896 03BF16 Reserved area
1024 043F16
044016
1536 063F16 Not used
2048 083F16 OF0016
RAM area for serial I/O automatic transfer
OF1F1e
Not used
ROM area 0E8016
ROM cal - RAM area for FLD automatic display
capacity | Address YYYYis | Address zzzZ1s OFDF1s
(bytes)
4096 F00016 F08016 _ Not used
YYYY16 [~-""" " moomTmmmoosommmmss
8192 E00016 E08016 Reserved ROM area
12288 D00016 D08016 (common ROM area, 128 bytes)
16384 C00016 C08016 777716
20480 B00016 B08016
24576 A00016 A08016
28672 900016 908016
32768 800016 808016
36864 700016 708016 ROM | EF001s -
40960 600016 608016
45056 500016 508016 FFDC16
49152 400016 408016 Special
Interrupt vector area page
53248 300016 308016
57344 200016 208016 FFFE1s
61440 100016 108016 Reserved ROM area
L FFFFie _
Fig. 2 Memory map
MITSUBISHI °
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MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

000016 | Port PO (PO) 002016 | Timer 1 (T1)

000116 002116 | Timer 2 (T2)

000216 | Port P1 (P1) 002216 | Timer 3 (T3)

000316 002316 | Timer 4 (T4)

000416 | Port P2 (P2) 002416 | Timer 5 (T5)

000516 | Port P2 direction register (P2D) 002516 | Timer 6 (T6)

000616 | Port P3 (P3) 002616 | Serial /03 register (SIO3)

000716 002716 | Timer 6 PWM register (T6PWM)

000816 | Port P4 (P4) 002816 | Timer 12 mode register (T12M)

000916 | Port P4 direction register (P4D) 002916 | Timer 34 mode register (T34M)

000A16 | Port P5 (P5) 002A16 | Timer 56 mode register (T56M)

000B16 | Port P5 direction register (P5D) 002B16 | D-A conversion register (DA)

000C16 | Port P6 (P6) 002C16 | AD-DA control register (ADCON)

000D1s | Port P6 direction register (P6D) 002D16 | A-D conversion register (AD)

000E16 | Port P7 (P7) 002Ez16

000F16 | Port P7 direction register (P7D) 002F16

001016 | Port P8 (P8) 003016 | Interrupt interval determination register (1ID)
001116 | Port P8 direction register (P8D) 003116 | Interrupt interval determination control register (IIDCON
001216 | Port P9 (P9) 003216 | Port PO segment/digit switch register (POSDR)
001316 003316 | Port P2 digit/port switch register (P2DPR)
001416 | Port PA (PA) 003416 | Port P8 segment/port switch register (P8SPR)
001516 | port PA direction register (PAD) 003516 | Port PA segment/port switch register (PASPR)
001616 | Port PB (PB) 003616 | FLDC mode register 1 (FLDM1)

001716 | port PB direction register (PBD) 003716 | FLDC mode register 2 (FLDM2)

001816 | Serial I/0O automatic transfer data pointer (SIODP) 003816 | FLD data pointer (FLDDP)

001916 | Serial /01 control register (SIO1CON) 003916 | Zero cross detection control register (ZCRCON),
001Az16 | Serial I/O automatic transfer control register (SIOAC) 003A16 | Interrupt edge selection register INTEDGE)
001B16 | Serial /01 register (SI01) 003B16 | CPU mode register (CPUM)

001C16 | Serial I/O automatic transfer interval register (SIOAI) 003Czs6 | Interrupt request register 1 (IREQ1)

001D16 | Serial 1/02 control register (SIO2CON) 003D1s | Interrupt request register 2 (IREQ2)

001E1e | Serial 1/03 control register (SIO3CON) 003Ez1e | Interrupt control register 1 (ICON1)

001F16 | Serial /02 register (S102) 003F16 | Interrupt control register 2 (ICON2)

Fig. 3 Memory map of special function register (SFR)
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

I/O PORTS

Direction Registers

The 3819 group has 54 programmable 1/O pins arranged in 8 I/O
ports (ports P24-P27, P41-P44, P4s, P47, P5-P8, PA, and PB).
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, each pin can be set to be input or
output.

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 for output, the value of the
port latch is read, not the value of the pin itself. A pin which is set
for input the value of the pin itself is read because the pin is in
floating state. If a pin set for input is written to, only the port latch
is written to and the pin remains floating.

High-Breakdown-Voltage Output Ports

The 3819 group microprocessors have 7 ports with high-break-
down-voltage pins (ports PO, P1, P20-P23, P3, P8, P9, PA). The
high-breakdown-voltage ports have P-channel open-drain output
with Vcc —40 V of breakdown voltage.

Each pin in ports PO, P1, P20—P23, P3, and P9 has an internal
pull-down resistor connected to VEE. Ports P8 and PA have no in-
ternal pull-down resistors, so that connect an external resistor to
each port. At reset, the P-channel output transistor of each port
latch is turned off, so it becomes VEE level (“L") by the pull-down
resistor.

Writing “1” (weak drivability) to bit 7 of the FLDC mode register 1
(address 003616) shows the rising transition of the output transis-
tors for reducing transient noise. At reset, bit 7 of the FLDC mode
register 1 is set to “0” (strong drivability).

Pin Name Input/Output I/O Format Non-Port Function Related SFRs D|a’\?0ram
igh- - FLDC mode register 1
POO/SEG32/ High-breakdown g.
voltage P-channel L FLDC mode register 2
DIGo- Port PO Output _ FLD automatic dis- | -~ o
P07/SEG39/ open-dram output play function ort PO N
DIG7 with pull-down segment/digit
resistor switch register
High-breakdown-
P1o/SEGa40/ voltage P-channel i
Output 9 . FLD automatic dis- | FLPC mode register 1 1)
DIGs— Port P1 utpu open-drain output play function FLDC mode register 2 @)
P17/DIG15 with pull-down
resistor
High-breakdown-
FLDC mode register 1
voltage P-channel L
E;ojg:glﬁ— Output open-drain output ;';5 Zjﬁgtriginc dis- | F| pC mode register 2 ®)
3 19 .
Port P2 with pull-down Port P2 digit/port
. switch register
resistor
Input/output, TTL level input
P24-P27 nputoutput evelinpu )
individual bits CMOS 3-state output
High-breakdown-
P30/SEG24— Port P3 Output voltag;a E-cha?netl FLD automatic dis- | FLDC mode register 1 5)
P37/SEG31 open-drain outpu play function FLDC mode register 2
with pull-down
resistor
P4o/INTO CMOS ibl External interrupt
compatible Interrupt edge
P45/INT1/ Input . . Ipt edge 6
7CR input level input selection register ©)
Zero cross detec- | 7grq cross detection
P42/INT2—- Port P4 HD(T)C"CU” INput | control register @
’ 5
P44/INT4 Input/output, CMOSs compatible
P41 o . input level ()
individual bits CMOS 3-stat tout
P4s/T1ouUT, -state outpu i Timer 12 mode register
Timer output - - 8
P47/T30out Timer 34 mode register

MITSUBISHI "
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Pin Name Input/Output I/O Format Non-Port Function Related SFRs D'a,\?c:_am
P50/SiN2/
ANs ©)
P51/SouT2/ Serial 1/02 func- | Serial 1/O2 control
AN9 tion I/O register (10)
P52/ScLk2/ A-D conversion in- | AD/DA control regis-
AN10 put ter
P53/Srov2/ CMOS compatible (11)
AN11 input level
P54/SING/ PortPS CMOS 3-state output o
AN12
P5s5/SouTs/ Serial 1/03 func- | Serial 1/03 control
AN13, tion I/O register (10)
P56/SCLK3/ A-D conversion in- | AD/DA control regis-
AN14 put ter
P57/SRDY3/ 1)
AN15 Input/output,
P60 individual bits (4)
P61/PWM PWM (timer) out- | Timer 56 mode regis- ®)
put ter
P62/CNTROo, . ; B Interrupt edge selec-
P63/CNTR1 CMOS compatible Timer input tion register )
Port P6 input level
Pe4/SiN CMOS 3-state output Serial 1/01 control |—&
P65/SouTi, _ register (10)
P66/ScLk11 tSi;zr:ls(I)I/Ol func- | serial 110 automatic
P67/SrDY1/ transfer control regis- 1
CS/ScLK12 ter 11
CMOS compatible .
P70/AN0— Port P7 input level p A-D conversion in- | AD/DA control regis- (12)
P77/AN7 ort put ter
CMOS 3-state output
CMOS compatible
input level
P80/SEGs— High-breakdown- FLDC mode register 13
P87/SEGLS Port P8 voltage P-channel Segment/port switch (13)
open-drain output register
with pull-down
resistor FLD automatic
High-breakdown- display function
P90/SEG16— voltage P-channel _
Port P9 Output open-drain output FLDC mode register (5)
PO7/SEG23 with pull-down
resistor
CMOS compatible
input level i
PA0/SEGo- Input/output Inpu FLDC mode register
Port PA L o High-breakdown- Segment/port switch (13)
individual bits g :
PATISEGT voltage P-channel register
open-drain output
PBo/Xcour, I/0 for sub-clock . (14)
PB1/XCIN CMOS compatible generating circuit | CPU mode register (15)
Port PB incividua bi input level D-A ion | AD/DA control regi
individual bits -A conversion control regis-
PB2/DA CMOS 3-state output | output ter (16)
PB3 @

Note : 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 poten-
tial, a current will flow from Vcc to Vss through the input-stage gate.
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(1) Ports PO, Plo, P11
Shift signal from previous stage

»| S/D switch register)—T
- b

Blanking signal N bimmer signal™°
for key-scan \\O (Note) ﬁ
]

Data bus ———o—o—w»| Port latch

Local data bus —

bl
~N

Shift signal to next stage

(2) Ports P12-P17
Shift signal from previous stage

Dimmer signal —»o
(Note)

Data bus _ . o] Portlatch ] ﬁé

b
~

Shift signal to next stage VEE

(3) Ports P20—P23
Shift signal from previous stage

» D/P switch register}-r
- pd!

N pimmer signal—™°

(Note)
Data bus ~o—»[ Port latch |7 ﬁﬂ

1
~N

Blanking signal _
for key-scan

Shift signal to next stage

(4) Ports P24—P27, P41, P6o, PB3

| Direction ﬁ
register Qg 4DOT

Data bus— [ Port faich_} DOJi

O : High-breakdown-voltage P-channel transistor

Note: The dimmer signal sets the Toff timing.

Fig. 4 Port block diagram (1)
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(5) Ports P3, P9
Dimmer signal »o?

Local data bus (Note)
Databus — o[ Portlatch | i
P %
N
VEE
(6) Ports P4o, P4s
Data bus )\/II o

INTo, INT1 interrupt input <—@7

I zeocross _ ] i
detection
L circuit input N
S lonyPas)

(7) Ports P42—P4a4, P62, P63

—=| Direction
register ? —DT?
0O

Data bus —-»| Portlatch _|H— [>°J
AN

INT2—INT4 interrupt input é
CNTRo,CNTR1 input

(8) Ports P4s, P47, P61
Timer 1 output selection bit

Timer 3 output selection bit—
Timer 6 output selection bit

| Direction ﬁ
register }
Data bus—¢-»[Port fatch | ﬁDoJi

~N

Timer 1 output
Timer 3 output +

Timer 6 output

O : High-breakdown-voltage P-channel transistor

Note: The dimmer signal sets the Toff timing.

Fig. 5 Port block diagram (2)
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(9) Ports PSo, P54, P64

(11) Ports P53, P57, P67

(12) Port P7

—={ Direction ﬁ
register

Data bus —+-»[ Portiaich ] \ ﬁDOJi

~

Serial I/O input <_€]_<

A-D conversion input-e—-3>~o—
Analog input pin selection bit

(10) Ports P51, P52, P5s, P56, P65, P66

P-channel output disable signal
Output OFF control signal
Serial I/O port selection bit —

] Direction
register

(only P52, P56, P66)
A-D conversion input -«——3>~o—
Analog input pin selection bit

Sroy output enable bit —

| Direction '»—@‘
register }

Data bus—4 = [ Portiach ] DJi

~

Serial ready output bi .
or ScLk M €S input é 1
L _

(only P67)

A-D conversion input «——o~o—!
Analog input pin selection bit

—=| Direction ﬁ
register

peta bus 1~ PorE T} |+ Wl

o

~N

A-D conversion input «——o>~o—I
Analog input pin selection bit

Fig. 6 Port block diagram (3)
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(13) Ports P8, PA

—|S/P switch register
4 Dimmer signal —»o
Note)

(
Local ) Directionregister

data bus j
Data bus —+—o° Port latch

(14) Port PBo
Port Xc switch bit

—| Direction g
register OT
O
Data bus——| Port latch ’ 4DOJ
~ L
Oscillation circuit
Port PB1
Port Xc switch bit
(15) Port PB1 Port Xc switch bit
—| Direction g
register OT
O
Data bus —+»| Port latch ’ 4DOJ
~N
Sub-clock generating circuit input
(16) Port PB2
—| Direction 4DOT§
register
O

Data bus —+—»{ Port latch ‘ 4DQJ

~N

D-A conversion output — >~
D-A output enable bit

0 : High-breakdown-voltage P-channel transistor

Note: The dimmer signal sets the Toff timing.

Fig. 7 Port block diagram (4)
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INTERRUPTS
Interrupts occur by 20 sources: 5 external, 14 internal, and 1 soft-
ware.

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
instruction interrupt.

Table 1. Interrupt vector addresses and priority

Interrupt Operation

When an interrupt is received, the contents of the program counter
and processor status register are automatically stored into the
stack. The interrupt disable flag is set to inhibit other interrupts
from interfering. The corresponding interrupt request bit is cleared
and the interrupt jump destination address is read from the vector
table into the program counter.

Notes on Use

When the active edge of an external interrupt (INTo to INT4) is
changed or when switching interrupt sources in the same vector
address, the corresponding interrupt request bit may also be set.
Therefore, please take following sequence;

(1) Disable the external interrupt which is selected.

(2) Change the active edge.

(3) Clear the interrupt request bit which is selected to “0”.

(4) Enable the external interrupt which is selected.

Interrupt Source Priority Vegtor Addresses (Note 1) '”tem.‘pt Requt_e_st Remarks
High Low Generating Conditions
Reset (Note 2) 1 FFFD16 FFFC16 At reset Non-maskable
INTo 5 FEEB16 EFEALS At detection of either rising or | External interrupt (active edge
falling edge of INTo input selectable)
At detection of either rising or | External interrupt (active edge
INTL/ZCR 3 FFFO16 FFF816 falling edge of INT1/ZCR input | selectable)
At detection of either rising or | External interrupt (active edge
INT2 falling edge of INT2 input selectable)
—R——I——t—ll——— 4 FFF716 FFF616 | 'aing ecge of TR T2 Nt S v _I'a_h__'_t___t_';__l_
emote contro i alid when interrupt interva
counter overflow At 8-bit counter overflow determination is operating
. . Valid when serial 1/0 ordinary
Serial 1/01 At completion of data transfer mode is selected
F - - - - - - - S 5 FFF516 FFF416 |- - - - - Rttt el = — == - - - —— =
Serial 1/0 At completion of the last data | Valid when serial I/O automatic
automatic transfer transfer transfer mode is selected
Serial 1/102 6 FFF316 FFF216 At completion of data transfer I\éilt'gdWhen serial /02 is se-
Serial 1/03 7 FFF116 FFFO16 At completion of data transfer I\éilt'gdWhen serial /03 is se-
Timer 1 8 FFEF16 FFEE16 At timer 1 underflow STP release timer underflow
Timer 2 9 FFED16 FFEC16 At timer 2 underflow
Timer 3 10 FFEB16 FFEA16 At timer 3 underflow
Timer 4 11 FFE916 FFE816 At timer 4 underflow
Timer 5 12 FFE716 FFEG616 At timer 5 underflow
Timer 6 13 FFE516 FFE416 At timer 6 underflow
At detection of either rising or | External interrupt (active edge
INTs 14 FFE316 FFE216 falling edge of INT3 input selectable)
Valid when INT4 interrupt is
INT At detection of either rising or | selected
4 X p . .

15 FEE116 FFEO16 falling edge of INT4 input External interrupt (active
__________________________ edge selectable) |
A-D conversion At completion of A-D conver- | Valid when A-D conversion in-

sion terrupt is selected
At falling edge of the last digit . L
FLD blanking immediately before blanking :g&:LIszviI;esneIZIézglanklng in-
__________ 16 FFDF16 FFDE1s | Periedstats | T T T
- - . Valid when FLD digit interrupt
FLD digit At rising edge of each digit is selected 9 P
BRK instruction 17 FFDD16 FFDC16 At BRK instruction execution :\lljc;)r:-maskable software inter-

Notes 1: Vector addresses contain interrupt jump destination addresses.

2 : Reset function in the same way as an interrupt with the highest priority.

MITSUBISHI
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3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Interrupt request bit —

Interrupt enable bit —

Interrupt disable flag (1)

BRK instruction
Reset

Interrupt request

Fig. 8 Interrupt control

b7 bo . .
| | | | | | | | | Interrupt edge selection register
(INTEDGE : address 003A16)
INTo interrupt edge selection bit
INT1/_ZCR interrupt edge s_elect_ion bit 0 Falling edge active
INT2 interrupt edge selection bit - .
INT3 interrupt edge selection bit 1: Rising edge active
INT4 interrupt edge selection bit
L . . 0:INTa interrupt
INT4/AD conversion interrupt switch bit _ Lo
1: A-D conversion interrupt
CNTRo pin active edge switch bit } 0 : Rising edge count
CNTR1 pin active edge switch bit 1 : Falling edge count
b7 bo . b7 bo .
| | | | | | | | | Interruptl request register 1 | | | | | | | | | Interruptl request register 2
(IREQL1 : address 003C1s) (IREQ2 : address 003D 16)
INTo interrupt request bit Timer 3 interrupt request bit
INT1/ZCR interrupt request bit —————— Timer 4 interrupt request bit
{INTz interrupt request bit L——— Timer 5 interrupt request bit
Remote control/counter overflow —— Timer 6 interrupt request bit
interrupt request bit ——— INTs interrupt request bit
{Serial 1/01 interrupt request bit {INT4 interrupt request bit
Serial I/0 automatic transfer AD conversion interrupt request bit
interrupt request bit FLD blanking interrupt request bit
Serial /02 interrupt request bit {FLD digit interrupt request bit
Serial /03 interrupt request bit Not used (returns “0” when read)
Timer 1 interrupt request bit 0 : No interrupt request issued
Timer 2 interrupt request bit 1: Interrupt request issued
b7 b0 ) b7 b0 .
| | | | | | | | | Interrupt. control register 1 | | | | | | | | | Interrupt. control register 2
(ICONL1 : address 003E16) (ICON2 : address 003F 16)
INTo interrupt enable bit Timer 3 interrupt enable bit
INT1/ZCR interrupt enable bit ————— Timer 4 interrupt enable bit
{INTz interrupt enable bit ——— Timer 5 interrupt enable bit
Remote control/counter overflow - Timer 6 interrupt enable bit
interrupt enable bit —— INTs interrupt enable bit
{Serial 1/01 interrupt enable bit {INT4 interrupt enable bit
Serial I/O automatic transfer AD conversion interrupt enable bit
interrupt enable bit {FLD blanking interrupt enable bit
Serial 1/02 interrupt enable bit FLD digit interrupt enable bit
Serial I/03 interrupt enable bit Not used (returns “0” when read)
Timer 1 interrupt enable bit (do not write “1" to this bit)
Timer 2 interrupt enable bit 0 : Interrupts disabled

1: Interrupts enabled

Fig. 9 Structure of interrupt-related registers
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TIMERS

The 3819 group has 6 built-in timers: timer 1, timer 2, timer 3,
timer 4, timer 5, and timer 6.

Each timer has the 8-bit timer latch. The timers count down.

Once a timer reaches 0016, at the next count pulse the contents of
each timer latch is loaded into the corresponding timer, and sets
the corresponding interrupt request bit to “1”.

The count can be stopped by setting the stop bit of each timer to
“1". The internal clock @ can be set to either the high-speed mode
or low-speed mode with the CPU mode register. At the same time,
timer internal count source is switched to either f(XIN) or f(XCIN).

Timer 1 and Timer 2

The count sources of timer 1 and timer 2 can be selected by set-
ting the timer 12 mode register. A rectangular waveform of timer 1
underflow signal divided by 2 is output from the P46/T10uUT pin.
The waveform polarity changes each time timer 1 overflows. The
active edge of the external clock CNTRo can be switched with the
bit 6 of the interrupt edge selection register.

At reset or when executing the STP instruction, all bits of the timer
12 mode register are cleared to “0”, timer 1 is set to “FF16”, and
timer 2 is set to “0116".

Timer 3 and Timer 4

The count sources of timer 3 and timer 4 can be selected by set-
ting the timer 34 mode register. A rectangular waveform of timer 3
underflow signal divided by 2 is output from the P47/T3ouT pin.
The waveform polarity changes each time timer 3 overflows.

The active edge of the external clock CNTR1 can be switched with
the bit 7 of the interrupt edge selection register.

Timer 5 and Timer 6

The count sources of timer 5 and timer 6 can be selected by set-
ting the timer 56 mode register.

A rectangular waveform of timer 6 underflow signal divided by 2 is
output from the P61/PWM pin. The waveform polarity changes
each time timer 6 overflows.

Timer 6 PWM Mode

Timer 6 can output a rectangular waveform with duty cycle n/(n +
m) from the P61/PWM pin by setting the timer 56 mode register
(refer to fig. 12). The n is the value set in timer 6 latch (address
002516) and m is the value in the timer 6 PWM register (address
002716). If nis “0”, the PWM output is “L”, if m is “0”, the PWM out-
put is “H"(n=0 is prior than m=0). In the PWM mode, interrupts
occur at the rising edge of the PWM output.

MITSUBISHI
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Data bus

Timer 1
e O—{ 2>
Internal system source Timer 1 latch (8)

RESET
clock selection wpn i i ‘ ) )
“1"1  bit '_I| 1 select|0|t = ) STP instruction
o imer Timer 1 interrupt request
e i A prrea
0 Timer 1
Pés/TLout P4s latch count stop
Timer 1 output
selection bit
Timer 2
source | Timer 2 latch (8)
P4s direction register 00| selection bit

wr© © > Timer2 (8) Timer 2 interrupt request

“10”  Timer 2
count Stop
Rising/faling bit
pouontee O—[2>| ey |
Timer 3

Sourc
source Timer 3 latch (8)

«17| selection bit

} Timer 3 (8) Timer 3 interrupt request
— 5 6

P47T30ut Parlatch | ‘0" Timers
count stop bit

Timer 3 output Timer 4

selection bit
count Timer 4 latch (8)
source

“01"| selection bit

P47 direction register | noonj © ’. Timer 4 (8) I Timer 4 interrupt request
“10"  Timer 4
ST count stop
O > ising/falling bit
P63/CNTR1 edge switch I
Timer 5

ggﬂpcte Timer 5 latch (8)
17| selection bit

| S S }. Timer 5 (8) Timer 5 interrupt request

0 Timer 5
count stop bit

Timer 6
count Timer 6 latch (8)
source

017} selection bit

o5 }. Timer 6 (8) Timer 6 interrupt request
“10" Timer 6
count stop
bit

| Timer 6 PWM register (8) |

o [pwn]

Timer 6 output "o
selection bit Timer 6 operating

mode selection bit

P61 direction register

PePWM O < '1 P61 latch

1
O
0

Fig. 10 Timer block diagram
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b7 b0 . : b7 bo . A
| | | | | | | | | Timer 12 mode register | | | | | | | | | Timer 34 mode register
(T12M : address 002816) (T34M : address 002916)
Timer 1 count stop bit Timer 3 count stop bit
0 : Operating 0 : Operating
1: Stopped 1: Stopped
Timer 2 count stop bit Timer 4 count stop bit
0 : Operating 0 : Operating
1: Stopped 1: Stopped
Timer 1 count source selection bit Timer 3 count source selection bit
0 : f(XiN)/16 or f(Xcin)/16 0 : f(Xin)/16 or f(Xcin)/16
1: f(Xcin) 1: Timer 2 underflow
Not used (returns “0” when read) Not used (returns “0” when read)
Timer 2 count source selection bits Timer 4 count source selection bits
b5 b4 b5 b4
0 O0: Timer 1 underflow 0 0: f(Xin)/16 or f(Xcin)/16
0 1:f(Xcin) 0 1:Timer 3 underflow
1 0: External count input CNTRo 1 0: External countinput CNTR1
1 1: Notavailable 1 1:Notavailable
Timer 1 output selection bit (P4s) Timer 3 output selection bit (P47)
0 : 1/O port 0: 1/0 port
1: Timer 1 output 1: Timer 3 output
Not used (returns “0” when read) Not used (returns “0” when read)
b7 b0 . ’
| | | | | | | | | Timer 56 mode register
(T56M : address 002A16)
Timer 5 count stop bit
0 : Operating
1: Stopped
Timer 6 count stop bit
0 : Operating
1: Stopped
Timer 5 count source selection bit
0 : f(XiN)/16 or f(Xcin)/16
1: Timer 4 underflow
Timer 6 operation mode selection bit
0 : Timer mode
1: PWM mode
Timer 6 count source selection bits
b5 b4
0 0: f(Xin)/16 or f(Xcin)/16
0 1:Timer 5 underflow
1 0:Timer 4 underflow
1 1: Not available
Timer 6 (PWM) output selection bit (P 61)
0 : 1/O port
1: Timer 6 output
Not used (returns “0” when read)
(do not write “1")
Fig. 11 Structure of timer-related registers
MITSUBISHI 1
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> <
Timere [ V|||
count

source ]

Timer 6

PWM output

Note: If the value set in timer 6 is n and the value set in the timer 6 PWM register is m, a PWM waveform with
duty cycle n/(n + m) and period (n + m) 5 ts (ts : the frequency of the timer 6 count source) is output.

nQts

mdts

(n+m)Ots

¢

Timer 6 interrupt request

Timer 6 interrupt request

Fig. 12 Timing in timer 6 PWM mode
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SERIAL 1/0

The 3819 group has built-in 8-bit clock synchronized serial 1/0 [0 3
channels (serial 1/01, serial /02, and serial 1/03).

Serial 1/01 builds in the automatic transfer function. The function
can be switched to the serial I1/0 ordinary mode with the serial 1/0
automatic transfer control register (address 001A16).

Serial 1/02 and Serial 1/03 can be used only in the serial I/O ordi-
nary mode.

The I/O pins of the serial I/O function are also used as I/O ports
P5 and P64—P67, and their operation is selected with the serial 1/0
control registers (addresses 001916, 001D16, and 001E16).

Serial 1/0 Control Registers
(SIO1CON, SIO2CON, SIO3CON)
001916, 001D16, 001E16
Each of the serial I/0O control registers (addresses 00191s,
001D16, and 001E16) consists of 8 selection bits which control the
serial I/O function.
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Main Local
address bus address bus

SI/O automatic

Main data Local data
us

transfer RAM
(OF0016 to OF1F16)

SI/O automatic

Address decorder

transfer data
pointer

SI/O automatic
transfer
controller

A
SI/O automatic transfer
interval register

XciN T |.1/8
Internal =116
w1 n SYystem clock 22—
1"y selection bit > %O
2 o
XN O—>o0 Synchronous Sl 1/128
“0” P67 latch gl}{)ck selection | % /256
i w“r | L P—=>"—o0
P67/Srovi/ (Note) SRDY1
== 0‘71““2’,‘3’?“"" Internal synchronous
CSiScikz o - «g» clock seléction bit
— A B
cs &| External clock|

P66 latch
sV
P66/ScLk11 1

Serial /01 port selection bit

w0
P65/Sout1 O—{]»o/O‘ P6s latch

( H Serial 1/0 counter 1(3) |—

Serial /01 port selection bit
P64/SIN1 O

P53 latch
“gr

P53/Sroy2

O e
circuit h
Srovz output selection bit Exlemamm" clock selection bit

Serial I/O shift register 1(8) }J

N|
71
S
=
°
)
=
Synchronous | §
clock selection | §
bit apn [

Internal synchronous

wy !
o 0”0« P52 latch
P52/ScLk2

ScLk:

1
Serial 1/02 port selection bit
“Ohe
P51/Sout2 Qiofg P51 latch

{ i Serial 1/0 counter 2(3)

Serial 1/02 port selection bit

’I Serial 1/0 shift register 2(8) }J

o
P5s/Souts Oiofg(_ PSs latch

P50/Sinz - O
Q
k]
>
e
>
o
2
[
P57 latch %
“0” L
PS7/Srovs “1”O<—|SRDY3 Synchronization Internal synchronous
Srovz output selection bit il clock 20" clock selection bit

=

‘0”0« PS5 latch | 3

P56/ScLk3 D

W nOoC———
Serial /103 port%election bit

tl Serial 1/0 counter 3(3)

Serial 1/03 port selection bit
P54/Sina O

| serial 110 shift register 3(8) }J

automatic transfer register).

Note: Selected with the synchronous clock selection bit, Srov1 output selection bit, serial /01 port selection bit (these 3 bits are of the serial
1/01 control register), automatic transfer control bit, and synchronous clock output pin selection bit (these 2 bits are ofthe serial /O

| » Serial I/0 automatic
transfer interrupt request

Serial /01
> interrupt request

Serial 1102
interrupt request

Serial 1/03
interrupt request

Fig. 13 Serial I/0O block diagram
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b7 b0
HEEEEEEE

[T
b7

b0
HEEEEEEE
L[

5 Valid only in serial 1/0

Note: When the external clock is selected in the serial /01 automatic transfer mode, the Srov: signal pin becomes the CS signal input pin.

—— Serial /01 port selection bit (P6s, P66, and P67 1)

—— SRrov1 output selection bit (P67)

———— Transfer direction selection bit

—— Synchronous clock selection bit

Serial 1/01 control register

Serial 1/02 control register

(SIO1CON(SC1) : address 001916)

Internal synchronous clock selection bits
b2 b1 b0

0 : f(XiN)/8 or f(XcIN)/8

: f(XiIN)/16 or f(Xcin)/16

: f(XiN)/32 or f(Xcin)/32

: f(XIN)/64 or f(Xcin)/64

: f(XiN)/128 or f(Xcin)/128

1 : f(XiN)/256 or f(Xcin)/256

O OO0OOo
PP PP OO
O O

1

0 : 1/O port
1: Sourti,Sciki1,and Scikiz2 U output pins

0:1/Oport
1: Srov1/CS U output pin (Note)

0 : LSB first
1: MSB first

0 : External clock
1: Internal clock

(SIO2CON(SC2) : address 001D16)
Internal synchronous clock selection bits
b2 bl b0
0 0 : f(XiN)/8 or f(XciN)/8
: f(XIN)/16 or f(Xcin)/16
: f(XiN)/32 or f(Xcin)/32
: f(XIN)/64 or f(Xcin)/64
: f(XiN)/128 or f(Xcin)/128
1 1 1:f(XiN)/256 or f(Xcin)/256
Serial 1/02 port selection bit (P51, and P52)
0 : I/O port
1: Soutz and ScLk2 output pins
SRDY2 output selection bit (P53)
0: /0 port
1 : Sroy2 output pin
Transfer direction selection bit
0: LSB first
1: MSB first
Synchronous clock selection bit
0 : External clock
1 : Internal clock

» ooo
PR ROO
oOr O

P6s/Sout1 P-channel output disable bit
0 : CMOS output (in output mode)
1 : N-channel open-drain output
(in output mode)

Serial 1/03 control register

(SIO3CON(SC3) : address 001Ez16)

Internal synchronous clock selection bits
b2 bl b0

0 : f(XiN)/8 or f(XcIN)/8

: f(XiIN)/16 or f(Xcin)/16

: f(XiN)/32 or f(Xcin)/32

: f(XiIN)/64 or f(Xcin)/64

: f(XiN)/128 or f(Xcin)/128

1 : f(XiN)/256 or f(Xcin)/256

O OO0OOoO
PP PP OO
O O

1

—— Serial /03 port selection bit (P55 and P5s)

0 : 1/O port
1: Souts and ScLk3 output pins

—— SRrobv3 output selection bit (P57)

0:1/0 port
1: Sroys and ScLk3 output pins

———— Transfer direction selection bit

0 : LSB first
1: MSB first

—— Synchronous clock selection bit

0 : External clock
1: Internal clock
P5s/Souts P-channel output disable bit
0 : CMOS output (in output mode)
1 : N-channel open-drain output
(in output mode)

automatic transfer mode.

P51/Sout2 P-channel output disable bit
0 : CMOS output (in output mode)
1 : N-channel open-drain output
(in output mode)

Fig. 14 Structure of serial /0 control registers
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(1) Serial I/O Ordinary Mode

Either an internal clock or an external clock can be selected
as the synchronous clock for serial 1/0O transfer. A dedicated
divider is built in as the internal clock for selecting of 6 clocks.
If internal clock is selected, transfer starts with a write signal
to a serial 1/O register (addresses 001B16, 001F16, or
002616). After 8 bits have been transferred, the Sout pin goes
to high impedance state.

If external clock is selected, control the clock externally be-
cause the contents of the serial I/O register continue to shift
during inputting the transfer clock. In this case, note that the
Sourt pin does not go to high impedance state at the comple-
tion of data transfer.

The interrupt request bit is set at the completion of the trans-
fer of 8 bits, regardless of whether the internal or external
clock is selected.

Transfer clock

Serial I/O register
write signal

Synchronous
clock

Serial I/O output
Sout

Serial I/O input
SIN

Receive enable

signal
SRDY

at the completion of data transfer.

Note : If internal clock is selected, the Sout pin goes to hlgh impedance state

Interrupt request bit set

Fig. 15 Serial I/O timing in the serial I/O ordinary mode (for LSB first)

(2) Serial I/O Automatic Transfer Mode
The serial I/01 has the automatic transfer function. For auto-
matic transfer, switch to the automatic transfer mode by
setting the serial 1/0O automatic transfer control register (ad-
dress 001A16).
The following memory spaces and registers used to enable
automatic transfer mode:
« 32-byte serial /0O automatic transfer RAM
« A serial I/0 automatic transfer control register
« A serial I/0O automatic transfer interval register
« A serial /0O automatic transfer data pointer
When using serial I/O automatic transfer, set the serial 1/01
control register (address 001916) in the same way as the se-
rial 1/0 ordinary mode. However, note that when external
clock is selected, port P67 becomes the CS input pin by set-
ting the bit 4 (the SRDY1 output selection bit ) of the serial /01
control register to “1”.

Serial I/0O Automatic Transfer Control Register

(SIOAC) 001A 16
The serial I1/0 automatic transfer control register (address 001A16)
consists of 4 bits which control automatic transfer.

| | | | | | | |b0| Serial I/0 automatic transfer control register
(SIOAC : address 001A16)
L Automatic transfer control bit
0 : Serial I/O ordinary mode
(serial /01 interrupt)
1 : Automatic transfer mode
(serial /01 automatic transfer interrupt)
—— Automatic transfer start bit
0 : Transfer completion
1 : Transferring(starts by writing “1”)
Transfer mode switch bit
0 : Fullduplex(transmit and receive)
mode
1 : Transmit-only mode
Synchronous clock output
pin selection bit
0 : Sciki1
1: Sciki2
Not used (return “0” when read)

Fig. 16 Structure of serial I/O automatic transfer control register
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Serial I/0O Automatic Transfer Data Pointer
(SIODP) 001816
The serial 1/0 automatic transfer data pointer (address 001816)
consists of 5 bits which indicate addresses in serial I/O automatic
transfer RAM (the value which adds 0F0016 to the serial 1/0 auto-
matic transfer data pointer is actual address in memory).
Set the value (the number of transfer data-1) to the serial 1/0 au-
tomatic transfer data pointer for specifying the storage address of
first data.

e Serial I/0 Automatic Transfer RAM
The serial I/0 automatic transfer RAM is the 32 bytes from ad-
dress 0F0016 to address OF1F16.

agesstt| 7 6 5 4 3 2 1 0
0F0016
0F0116
0F0216

OF1D16
OF1E16
OF1F16

Fig. 17 Bit allocation of serial I/O automatic transfer RAM

e Setting of Serial 1/O Automatic Transfer
Data
When data is stored in the serial I/O automatic transfer RAM,
store the first data at the address set with the serial 1/0 auto-
matic transfer data pointer so that the last data can be stored
at address OF0016.

Serial I/0O Automatic Transfer Interval Register
(SIOAI) 001C16
The serial 1/0 automatic transfer interval register (address
001Cz1s6) consists of a 5-bit counter that determines the transfer in-
terval Ti during automatic transfer.
When writing the value n to the serial I/O automatic transfer inter-
val register, Ti=(n+2) O Tc (Tc: the length of one bit of the transfer
clock) occurs. However, note that this transfer interval setting is
valid only when selecting the internal clock as the clock source.

Transfer clock

Serial /0 output
Sout

D01 X DOz X DOs X D04+ X DOs X DOs X DO7 }— — — — — — — ~

XX X

Serial I/O input )

pix X b2 X Dis X Dla X Dis X DIs X DI7 X

XX X

SIN

1-byte data

Ti

Fig. 18 Serial /0 automatic transfer interval timing

MITSUBISHI 07
ELECTRIC



MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

e Setting of Serial I/O Automatic Transfer
Timing
The timing of serial /0O automatic transfer is set with the serial
I/01 control register (address 001916) and the serial 1/0 auto-
matic transfer interval register (address 001C1s6).
The serial 1/01 control register sets the transfer clock speed,
and the serial I/O automatic transfer interval register sets the
serial I/O automatic transfer interval. This setting of transfer in-
terval is valid only when selecting the internal clock as the
clock source.

e Start of Serial I/O Automatic Transfer
Automatic transfer mode is set by writing “1” to the bit 0 of the
serial I/O automatic transfer control register (address 001A1s6),
then automatic transfer starts by writing “1” to the bit 1.
The bit 1 of the serial I/O automatic transfer control register is
always “1” during automatic transfer; writing “0” can complete
the serial /0 automatic transfer.

e Operation in Serial I/0 Automatic Transfer
Modes
There are two modes for serial 1/0 automatic transfer: full du-
plex mode and transmit-only mode. Either internal or external
clock can be selected for each of these modes.

(2.1) Operation in Full Duplex Mode

In full duplex mode, data can be transmitted and received at the
same time. Data in the automatic transfer RAM is transmitted in
sequence in accordance with the serial I/O automatic transfer data
pointer and simultaneously reception data is written to the auto-
matic transfer RAM.

The transfer timing of each bit is the same as that in ordinary op-
eration mode, and the transfer clock stops at “H” after eight
transfer clocks are counted.

When selecting the internal clock, the transfer clock remains at “H”
for the time set with the serial /O automatic transfer interval regis-
ter, then the data at the next address (the address is indicated with
the serial I/O automatic transfer data pointer) are transferred.

If when selecting the external clock, the setting of the automatic
transfer interval register is invalid, so control the transfer clock ex-
ternally.

The last data transfer completes when the contents of the serial
1/0 automatic transfer pointer reach “0016”. At that point, the serial
1/0 automatic transfer interrupt request bit is set to “1” and the bit
1 of the serial /0O automatic transfer control register is cleared to
“0” to complete the serial I/O automatic transfer.

(2.2) Operation in Transmit-Only Mode

The operation in transmit-only mode is the same as that in full du-
plex mode, except for that data is not transferred from the serial
1/01 register to the serial /0 automatic transfer RAM.

Transfer direction selection bit

SIN

uuduudut

Transfer clock

LSB first (SC1s="0"): MSB LSB
MSB first (SC15 = 1" ) : LSB MSB

U
Uy —
Jajagsag

DO7| DOs | DOs| DO4| DOz | DO2 | DO:1 | DOo

Sout
Dlo | DO7 | DOs | DOs | DO4 | DO3 | DO2 | DO1 >

DI1 | Dlo | DO7 | DOs | DOs | DO4 | DOs | DO2 | —>

Dl2 | DIz | Dlo | DO7 | DOs | DOs | DO4 | DO3

DIz | Dls | DIs | Dl4 | DIz | DI2 | DIz | Dlo

Serial I/O1 register

Fig. 19 Serial /01 register transfer operation in full duplex mode

28

MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(2.3) When Selecting the Internal Clock

When selecting the internal clock, the P67/SRDY1/CS/ScLK12 pin

can be used as the SRDY1 pin by setting SC14 to “1".

When selecting the internal clock, the P67 pin can be used as the

synchronous clock output pin ScLk12 by setting SIOAC3 to “1”. In

this case, the ScLk11 pin goes to high impedance state.

Select the function of the P67/SRDY1/CS/ScLk12 and P66/ScCLK11

with the following registers (refer to Table 2):

e the bit 3 (SC13), the bit 4(SC14), and the bit 6(SC1s6) of the se-
rial 1/01 control register

e the bit 3 (SIOACS3) of the serial I1/O automatic transfer control
register

When using both the ScLk11 and SckL12 by switching, switch the
P67/SRDY1/CS/ScLK12 to the P67 (SC14=0) and set the P67 direc-
tion register to input mode. Note that switch SIOAC3 during “H” of
transfer clock at the completion of automatic transfer.

Table 2. ScLK11 and ScLK12 selection

SCle SC14 SC33 SIOAC3 |P66/ScLK11|{P67/SCLK12
0 SCLK11 P67
1 0 1 High
1 impedance| SCLK12

Note : SC13: Serial I/01 port selection bit
SC14: SRDY1 output selection bit
SC1e: Synchronous clock selection bit
SIOAC3: Synchronous clock output pin selection bit

Bit 1 write signal of serial I/O

automatic transfer control
register
Bit 1 of serial I/O automatic

transfer control register
Write signal from RAM to

serial /01 register
Write signal from serial /01

register to RAM

S

Data pointer

N —|

Transfer clock

(internal or ScLk output)
Receive

§

enabled signal

L

SRDY

Serial 1/0 output
Sout

Serial I/O input

——————— (DOXDOXDOXDOXDONDOXDOXDT)
S (Dlo) DIz DIz DEX DX DX DisX D7

Transfer interval

Fig. 20 Timing diagram during serial I/O automatic transfer (internal clock selected, SRDY used)

Bit 1 write signal of serial I/O

automatic transfer control
register

Bit 1 of serial I/O automatic
transfer control register

Write signal from RAM to M
serial /01 register

Write signal from serial 1/01
register to RAM

Data pointer m

Bit 3 of serial I/0O automatic

transfer control register
Transfer clock

L
|
|
|
T
|

(internal) v L)
I
|
Scwwoutput — | [T LML LI

ScLki12 output

Serial I/O output

Serial I/O input
SIN

Sout ~m7 (50X50: X00:X00:XB0:X0:XE0:X507)

 Dlo X D12 X1z X DI X DI X Dls X DIs X DI

Transfer interval

Fig. 21 Timing during serial I/O automatic transfer (internal clock selected, ScLk11 and ScLK12 used)

~
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(2.4) When Selecting the External Clock

When selecting the external clock, the internal clock and the set-

ting of transfer interval with the serial 1/0 automatic transfer

interval register are invalid, but the serial 1/O output pin SouT1 and

the internal transfer clock can be controlled from the outside by

setting the SRDY1 pin to the CS (input) pin.

When the CS input is “L”, the SouT1 pin and the internal transfer

clock are enabled.

When the CS input is “H”, the SouT1 pin goes to high impedance

state and the internal transfer clock goes to “H”.

Select the function of the P67/SRDY1/CS/ScLk12 with the following

registers (refer to Table GA-2):

e the bit 4 (SC14) and the bit 6 (SC16) of the serial 1/01 control
register

e the bit 0 (SIOACo) of the serial 1/0O automatic transfer control
register

Switch the CS pin from “L” to “H” or from “H” to “L” during “H” of the

transfer clock (ScLk11 input) after transferring 1-byte data.

When selecting the external clock, set the external clock to “L” af-

ter 9 cycles or more of the internal clock ¢ after setting the start

bit. After transferring 1-byte data, leave 11 cycles or more of the

internal clock @ free for the transfer interval.

When not using the CS input, note that the SouT pin will not go to
high impedance state, even after transfer is completed.

When not using the CS input, or when CS is “L”, control the exter-
nal clock because the data in the serial I/O register will continue to
shift while the external clock is input, even after the completion of
automatic transfer (Note that the automatic transfer interrupt re-
guest bit is set and the bit 1 of the serial I/O automatic transfer
register is cleared at the point when the specified number of bytes
of data have been transferred.)

Table 3. P67/SRDY1/CS selection

SC1e SC14 | SIOACo P67/SRDY1/CS
0 O P67
0 0 SRDY1
! 1 CS

Note : SC14: SRDY1 output selection bit
SC1e: Synchronous clock selection bit
SIOACo: Automatic transfer control bit

Bit 1 write signal of serial /O
automatic transfer control |'|

register

Bit 1 of serial I/O automatic

transfer control register _

Write signal from RAM to n
serial /01 register

Write signal from serial 1/01

register to RAM

Data pointer n

External input
Ccs j

Serial 1/0 input
SIN

Transter Slock _WMLTH—W
Scik input : |
| |
Transter ook [ [ [ LI LI LILIL —
(internal) \ ‘
| |
|

. [ ‘
Serial I/0 output
EERRR RS (P O (CToT/(le? (le? (LoD (1D GIeD (eleD (1IN S SRR
| |
|

Note: Data marked with X is invalid.

Fig. 22 Timing during serial /0O automatic transfer (external clock selected)

30 A MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

A-D CONVERTER

The functional blocks of the A-D converter are described below.

A-D Conversion Register (AD) 002D 16

The A-D conversion register is a read-only register that stores the
result of an A-D conversion. This register should not be read dur-
ing A-D conversion.

AD/DA Control Register (ADCON) 002C 16

The AD/DA control register controls the A-D and the D-A conver-
sion process. Bits 0 to 3 of this register select analog input pins.
Bit 4 is the AD conversion completion bit. The value of this bit re-
mains at “0” during an A-D conversion, then changes to “1” when
the A-D conversion is completed.

The A-D conversion starts by writing “0” to this bit. Bit 6 controls
the output of D-A converter.

Comparison Voltage Generator
The comparison voltage generator divides the voltage between
AVss and VREF by 256, and outputs the divided voltages.

Channel Selector

The channel selector selects one of the input ports P77/AN7—-P70/
ANo, P57/SRDY3/AN15—-P50/SIN2/ANS, and inputs to the compara-
tor.

Comparator and Control Circuit

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

Note that the comparator is constructed linked to a capacitor, so

set f(XIN) to 500 kHz or more during A-D conversion.

Note : When using the A-D conversion interrupt, set the INT4/AD conver-
sion interrupt switch bit (the bit 5 of the interrupt selection register)
to “1".

b0
| | | | | | | | | AD/DA control register

(ADCON : address 002Cz1s6)

Analog input pin selection bits
b3 b2 bl b0
0

1 P70/ANo
1 P71/AN1
1 P72/AN2
1 P73/AN3
1 P74/AN4
: P75/ANs
: P76/ANs
1 P77/AN7
: P50/Sin2/ANs
: P51/Sout2/AN9
: P52/Scik2/AN10
: P53/Sroy2/AN11
: P54/Sin3/AN12
: P55/Souta/AN13
: P56/ScLk3/AN14
: P57/Srov3/AN15
AD conversion completion bit
0 : Conversion in progress
1 : Conversion completed
Not used (returns “0” when read)
DA output enable bit
0 : Disable
1: Enable
Not used (returns “0” when read)

PRPRPPPPPPOOOOOOO

PRPPPOOOORRLRRLPFPLOOOO
PRPOORFRPRFRPROORPRFRPLROORLREFLROO
PORPOFRPOFRPOFRPRORFRPROFRPLROFRO

Fig. 23 Structure of A-D control register
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Data bus

b0

AD-DA control registerl I I I I

(address 002C1s) J IJ IJ IJ I

A-D control circuit

A-D conversion interrupt request

P70/ANo
P71/AN1
P72/AN2
P73/AN3
P74/ANa
P75/ANs
P76/ANe
P77/AN7
P50/Sin2/ANg
P51/Sout2/ANg
P52/ScLk2/AN10
P53/Srpy2/AN11
P54/Sin3/AN12
P55/Souta/AN13
P56/ScLk3/AN14
P57/Srpy3/AN15

Comparator A-D conversion register

(Address 002D 16)

Resistor ladder

Channel selector

VREF AVss

Fig. 24 A-D converter block diagram

D-A CONVERTER

The 3819 group has internal D-A converter with 8-bit resolutions 0
1 channel.

D-A conversion is performed by setting the value in the D-A con-
version register. The result of D-A conversion is output from the
DA pin by setting the DA output enable bit to “1” . At this time, the
corresponding bit (PB2/DA) of the port PB direction register should
be set to “0” (input status).

D-A conversion register (8)

Data bus

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

Y DA output enable bit

R-2R resistor ladder —O/O—Q PB2/DA

V=VREF [0 n/256 (n=0 to 255)
OVREF: the reference voltage

At reset, the D-A conversion register is cleared to “0016”, the DA
output enable bits are cleared to “0”, and the PB2/DA pin goes to
high impedance state. The D-A output does not build in a buffer, so
connect an external buffer when driving a low-impedance load.
Set Vcc to 3.0 V or more when using the D-A converter.

Fig. 25 D-A converter block diagram

"0" DA output enable bit

PB2/DA ()0

e

D-A conversion
register

AVss O
VREF O

Fig. 26 Equivalent connection circuit of D-A converter
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FLD CONTROLLER

The 3819 group has fluorescent display (FLD) drive and control

circuits.

The FLD controller consists of the following components:

« 42 pins for segments

« 20 pins for digits

* FLDC mode register 1

« FLDC mode register 2

« FLD data pointer

« FLD data pointer reload registe

r

« Port PO segment/digit switch register
« Port P2 digit/port switch register

« Port PA segment/port switch register
« Port P8 segment/port switch register
« 96-byte FLD automatic display RAM
The segment pins can be used from 16 up to 42 pins (maximum)
and the digit pins can be used from 6 up to 16 pins (maximum).
The segment and the digit pins can be used up to 52 pins (maxi-

mum) in total.

In the FLD automatic display mode ports P12 to P17 become digit
pins DIG10 to DIG15 automatically.

Main FLD automatic Main Local
address bus display RAM data bus data bus
W 0F8016 [ G1 (SEG PA) SIP | PAJ/SEGo
G2 (SEG PA) SIP [ PAY/SEG:
SIP [ PA2ISEG2
2 SIP | PAW/SEGs | 8
SIP [ PAY/SEGs
G15 (SEG PA) SIP | PASs/SEGs
OF8F16 | G16 (SEG PA) SIP | PAG/SEGs
OF9016 | G1 (SEG P8) SIP | PATISEG?
Local G2 (SEG P8) 003515 001416
address bus SIP | P8:/SEGs
SIP [ P81/SEGs
G15 (SEG P8) S/P | P82/SEG10 8
OF9F16 | G16 (SEG P8) S/P | P83/SEG11
OFAO16 | G1 (SEG P9) S/P | P84/SEG12
G2 (SEG P9) SIP | P85/SEG13
SIP | P86/SEG14
2 S/P | P87/SEG1s
003416 001016
G15 (SEG P9) P90/SEG16
OFAF16| G16 (SEG P9) L\ [P9SEGH
OFBO16 | G1 (SEG P3)  V[P9ASEGs
G2 (SEG P3) P9s/SEGw| 8
P94/SEGz20
P9s/SEGa21
OFBF16| G16 (SEG P3) 00125
OFCO016| G1 (SEG P0) F3/5EG
G2 (SEG P0) o G
L |P31/SEG2s
 V[P3SEGs
P3s/SEGz| 8
G15 (SEG P0) P34/SEG2s
OFCF16| G16 (SEG P0) P3s/SEGa2g
OFDO16| G1 (SEG P1) P36/SEGa0
G2 (SEG P1) P37/SEGa1
000616
2 S/D | POo/SEG32/DIGo
S/D | P01/SEG33/DIG1
G15 (SEG P1) <] S/D [ PO2/SEGw/DIG2
OFDF16[ G16 (SEG P1) |—>[SID|POJ/SEG=DIG: | 8
[—2['S/D | PO4/SEGs6/DIG4
S/D | POs/SEG37/DIGs
—>| S/D | POs/SEG3s/DIGs
> S/D [ PO//SEG3s/DIG7
003216 ¢000016
::e'-lc?agart:g?;ger | [SID [PL/SEGwIDIGs
(address 003815)  _— ¥|S/ID[P1J/SEGa/DIGs
P12/DIG1o
PLDIGL | 8
P14/DIG12
= Address FLD data pointer H P1s/DIG1s
decoder (address 003816) P16/DIG14
P17/DIG1s
FLDC mode 003716 000216
register 1
(address 003616)
D/P [ P20/DIG16
D/P [P2uDIGr | 4
D/P | P22/DIG1s
D/P | P23/DIG19
003316 000416
Timing >FLD blanking interrupt
generator > FLD digit interrupt
Fig. 27 FLD control circuit block diagram
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FLDC Mode Registers (FLDM 1, FLDM 2)

003616, 003716

register respectively which are used to control the FLD automatic
display and set the blanking time Tscan for key-scan.

The FLDC mode register 1 (address 003616) and FLDC mode reg-
ister 2 (address 003716) are a seven bit register and an eight bit

FLDC mode register 1
(FLDM 1 : address 003616)

Tscan control bits
b1 b0
0 0 : 0 FLD digitinterrupt (at rising edge of each digit)
2 é . ; g EfSp FLD blanking interrupt
N isp . .
11 : 30 Tasp (at falling edge of the last digit)

Toff control bits
(Setting of digit/segment OFF time)

b5 b4 b3 b2

0 0 0 0:1/16 O Tdisp
:2/16 O Tdisp
:3/16 O Tdisp
14/16 O Tdisp
:5/16 O Tdisp
16/16 O Tdisp
17116 O Tdisp
1 8/16 O Tdisp
19/16 O Tdisp
:10/16 O Tdisp
1 11/16 O Tdisp
112/16 O Tdisp
113/16 O Tdisp
1 14/16 O Tdisp
1 15/16 O Tdisp
1 16/16 O Tdisp

Not used (returns “0” when read)

High-breakdown-voltage drivability selection bit
0 : Strong drivability
1: Weak drivability

PRPRPPOOOORRPRRFRPFRPOOOO

PRPOORROORROORRO
PORPORORORORORORO

PRRPRPRPRPRPRRPOOOOOOO

Fig. 28 Structure of FLDC mode register 1

b0
LLTTTTTT]

\;Automatic display control bit(PO, P1, P20—P23, P3, P8, P9, PA)

FLDC mode register 2
(FLDM 2 : address 003716)

0 : Ordinary mode
1 : Automatic display mode
Display start bit
0 : Display stopped
1: Display in progress
(display starts by writing “1” to this bit which is set to “0”)

Tdisp control bits
(digit time setting, at 8 MHz oscillation frequency)
b5 b4 b3 b2
000O0:128ps
1256 ps
1384 ps
1512 ps
1 640 ps
1 768 ps
1 896 ps
11024 us
11152 ps
11280 ps

FRPPRPOOOOOOO
cocorRrRRLROOOO

"hroORrRrOORRO
OrRPOFrRPROFRPROFROFRO

Not available
1111

Plo segment/digit switch bit
0 : Digit
1: Segment

Pl1 segment/digit switch bit
0 : Digit
1: Segment

Fig. 29 Structure of FLDC mode register 2
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e Pins for FLD Automatic Display

When using the FLD automatic display mode, set the number

Ports PO, P1, P20-P23, P3, P8, P9, and PA is selected for the of segments and digits for each port.
FLD automatic display function by setting the automatic display
control bit of the FLDC mode register 2 (address 003716) to

wpn.

Table 4. Pins in FLD automatic display mode

Port Name Automatic Display Pins Setting Method
SEGo0-SEG7 o . . . .
PAO_PA The individual bits of the segment/port switch register (address 003516) can be set each pin
O-FA7 or to either segment (“1”) or general-purpose 1/O port (“07).
PA0—PA7
SEG8-SEG15
P80_P87 or The individual bits of the segment/port switch register (address 003416) can be used to set
each pin to either segment (“1”) or general-purpose 1/O port (“0").
P80-P87
P90-P97 SEG16-SEG23 None (segment only)
P30-P37 SEG24-SEG31 None (segment only)
SEG32-SEG41
POo-P07 or The individual bits of the segment/digit switch register (address 003216) and the bit 6, 7 of
Plo, P11 DIGO_DIG the FLDC mode register 2 can be used to set each pin to segment (“1”) or digit (“0”). (Note)
0-DIG9
P12-P17 DIG10-DIG15 None (digit only)
DIG16-DIG19
The individual bits of the digit/port switch register (address 003316) can be used to set each
P20-P23 or : sl wyr
b20_P2 pin to digit (“1”) or general-purpose output port (“0”). (Note)
0-P23

Note : Be sure to set digits in sequence.

Number of segments

Number of segments

Number of digits 24 30 36 Number of digits 24 30 36
8 10 16 8 10 16
Port PA Port P3
0| PAo 0| PAo 1| SEGo SEG24 SEG24 SEG24
e e orasn/POT [0 TPAs 0|PA1 1[SEG1 (segment only) SEGa2s SEGa2s SEGzs
0| PA2 0| PA2 1|SEG2 SEG26 SEG26 SEG26
0|PAs3 0|PA3 1|SEGs SEG27 SEG27 SEG27
0| PA4 0| PA4 1|SEG4 SEGz2s SEGz2s SEGz2s
0|PAs 0|PAs 1|SEGs SEG29 SEG29 SEG29
0|PAs 0| PAs 1|SEGs SEGs30 SEGs30 SEGs30
0| PA7 0| PA7 1|SEG? SEGs31 SEGs31 SEGs31
Port P8 Port PO
0| P8o 0|P8o 1|SEGs . |1|SEG32 1|SEGa2 1|SEGa32
e eoranen/Port [o 1 pg, 0[P8: 1] SEGo bt PR Te 1| SEGss 1| SEGss
0|P82 0| P82 1|SEG10 1|SEGa34 1|SEGa34 1|SEGaz4
0| P83 0| P83 1|SEG11 1|SEGss 1|SEGss 1|SEGss
0| P84 1|SEG12 1|SEG12 1|SEGs3s 1|SEGs3s 0|DIG4 >G16
0|P8s 1|SEG13 1|SEG13 1|SEGa7 1|SEGa7 0|DIGs >G15
0| P86 1|/SEGu4 1|SEGu4 1|SEGss 1|SEGss 0|DIGs >G14
0| P87 1[SEG1s 1|SEG1s 1|SEGa39 1|SEGa39 0|DIG7 >G13
Port P9 Port P1
SEG16 SEG1s6 SEG16 . [0]DIGs >Gs | [1[SEGao [0]DIGs ~G12
(segment only) SEGwr SEGwr SEGwr e e s/ [0 DIGo ~G/ | [1]SEGm 0/DIGs ~Gu:
SEG1s SEG1s SEG1s8 DIG10~>Gse DIG10~>G10 DIG10~>G10
SEG19 SEG19 SEGu19 DIG11>Gs DIG11>Gg DIG11>Gg
SEG20 SEG20 SEG20 DIG12~>G4 DIG12~>Gs DIG12~>Gs
SEG21 SEG21 SEG21 DIG13>G3 DIG13>G7 DIG13>G7
SEG22 SEG22 SEG22 DIG14~>G2 DIG14~>Ge DIG14~>Gse
SEG23 SEG23 SEG23 DIG15>G1 DIG15>Gs DIG15>Gs
Port P2
fy 0|P20 1|DIG16>Ga4 1|DIG16>G4
e e ciaport Tolpa: 1|DIG17+Gs | [1|DIG17>Gs
0|P22 1|DIG18~>G2 1|DIG18>G2
0/P23 1|DIG19>G1 1|DIG19>G1
Fig. 30 Segment/digit setting example
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e FLD Automatic Display RAM
The FLD automatic display RAM area is the 96 bytes from ad-
dresses 0F8016 to OFDF16. The FLD automatic display RAM
area can store 6-byte segment data up to 16 digits (maximum).
Addresses 0F8016 to OF8F16 are used for PA segment data,
addresses 0F9016 to OF9F16 are used for P8 segment data,
addresses OFAO16 to OFAF16 are used for P9 segment data,
addresses OFBO016 to OFBF16 are used for P3 segment data,
addresses OFCO016 to OFCF16 are used for PO segment data,
and addresses OFDO to OFDF16 are used for P1 segment data.

FLD Data Pointer and FLD Data Pointer
Reload Register

(FLDDP) 003816
Both the FLD data pointer and FLD data pointer reload register
are 7-bit registers allocated at address 003816. When writing data
to this address, the data is written to the FLD data pointer reload
register, when reading data from this address, the value in the
FLD data pointer is read.

The FLD data pointer indicates the data address in the FLD auto-
matic display RAM to be transferred to a segment. The FLD data
pointer reload register indicates the first digit address of the most
significant segment.

The value which adds 0F8016 to these data is actual address in
memory.

The contents of the FLD data pointer indicate the first address of
segment P1(the contents of the FLD data pointer reload register)
at the start of automatic display. The FLDC data pointer content
changes repeatedly as follows: when transferring the segment P1
data to the segment, the content decreases by —16; when transfer-
ring the segment PO data, it decreases by —16; when transferring
the segment P3 data, it decreases by —16; when transferring the
segment P9 data, it decreases by —16; when transferring the seg-
ment P8 data, it decreases by —16; when transferring the segment
PA data, it increases by +79. Once it reaches “00", at the next tim-
ing the value in the FLD data pointer reload register is transferred
to the FLD data pointer. In this way, the 6-byte data of P1, PO, P3,
P9, P8 and PA segments for 1 digit are transferred.

36 MITSUBISHI
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Bit 7 6 5 4 3 2 1 0
Address

OF8016 SEG7 SEGs SEGs SEGa4 SEGs3 SEG2 SEG1 SEGo <+— The last digit

OF8116 SEG? SEGs SEGs SEGa4 SEGs SEG2 SEG: | SEGo (The last data of segment PA)
Segment PA
data area

OF8E16 SEG7 SEGs SEGs SEGa4 SEGs3 SEG2 SEG1 SEGo

OF8F16 SEG7 SEGs SEGs SEG4 SEGs3 SEG2 SEG1 SEGo

0F9016 SEG1s5 SEGi4 SEG13 SEGi12 SEGu1 SEG10 SEGy SEGs <+— The last digit

0F9116 SEGis | SEGu | SEGis | SEGiz | SEGu | SEGn | SEGe | SEGs (The last data of segment P8)
Segment P8
data area

OF9E16 SEG1s5 SEGu14 SEG13 SEG12 SEGu1 SEG10 SEGo SEGs

OF9F16 SEG1s5 SEGu14 SEG13 SEG12 SEG1u1 SEG10 SEGo SEGs

OFAO16 SEG23 SEG22 SEG21 SEG20 SEG19 SEGuis SEG17 SEG16 <—+— The last digit

OFAL1s SEG2s | SEGz | SEGai | SEGa | SEGie | SEGis | SEG17 | SEGis (The last data of segment P9)
Segment P9
data area

OFAE16 SEG23 SEG22 SEG21 SEG20 SEG19 SEGus8 SEG17 SEG1s

OFAF16 SEG23 SEG22 SEG21 SEG20 SEG19 SEGus8 SEG17 SEG1s

OFBO01s SEG31 SEGs3o SEG29 SEG2s SEG27 SEG26 SEG25 SEG24 <—+— The last digit

OFB11s SEGs: | SEGa | SEGzs | SEGzs | SEGzr | SEGes | SEGzs | SEGzs (The last data of segment P3)
Segment P3
data area

OFBE16 SEGa1 SEG30 SEG29 SEG2s SEG27 SEG26 SEG2s SEG24

OFBF16 SEGa1 SEG3o0 SEG29 SEG2s SEG27 SEG26 SEG2s SEG24

OFCO16 SEGss SEGss SEGs7 SEGss SEGss SEGas4 SEGs3 SEGs2 | < The last digit

OFCli SEGs | SEGams | SEGsr | SEGss | SEGss | SEGm | SEGsm | SEGa (The last data of segment P0)
Segment PO
data area

OFCEu1s SEG39 SEGss SEG3s7 SEGss SEGss SEGs4 SEGss3 SEG32

OFCFu16 SEG39 SEGss SEG37 SEGss SEG3s SEGa4 SEG33 SEG32

OFDO16 SEGa1 SEG40 | <1— The last digit

OFD116 SEGa1 SEGa0 (The last data of segment P1)
Segment P1
data area

OFDE1s SEGa1 SEGu40

OFDF16 SEG41 SEGu40

Fig. 31 FLD automatic display RAM and bit allocation
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Data Setup

When data is stored in the FLD automatic display RAM, the
last data of segment PA is stored at address 0F801s6, the last
data of segment P8 is stored at address OF901s, the last data
of segment P9 is stored at address 0FAO16, the last data of
segment P3 is stored at address OFBOz1s6, the last data of seg-
ment PO is stored at address OFCO16, and the last data of
segment P1 is stored at address 0FDO16 to allocate in se-

quence from the last data respectively. The first data of the
segment PA, P8, P9, P3, PO, and P1 is stored at an address
which adds the value of (the digit number-1) to the corre-
sponding address 0F8016, 0F9016, OFAO16, OFBO16, OFCO01s,
and OFDO16.

Set the low-order 4 bits of the FLD data pointer reload register
to the value given by the number of digits—1. “1” is always writ-
ten to bit 6 and bit 4, and “0” is always written to bit 5. Note that
“0” is always read from bits 6, 5 and 4 when reading.

For 30 segments and 15 digits For 30 segments and 15 digits
(FLD data pointer reload register = 14) (FLD data pointer reload register = 14)
Bit 7 6 5 4 3 2 1 0 Bit 7 6 5 4 3 2 1 0

Address Address
0F8016 OFBO16
OF8116 OFB11e
OF8216 OFB216
0F8316 OFB316
OF8416 OFB416
0F8516 OFB516
OF8616 OFB616
OF8716 OFB716
O0F8816 OFB816
0F8916 OFB916
OF8A16 OFBA1s
OF8B16 OFBB1s
OF8C16 OFBCis
OF8D16 OFBD1s
OF8E16 OFBE1s
OF8F16 OFBF16
0F9016 OFCO016
OF9116 OFClis
0F9216 OFC216
0F9316 OFC316
O0F9416 OFC416
0F9516 OFC516
0F9616 OFC616
OF9716 OFC716
0F9816 OFC816
0F9916 OFC916
OF9A16 OFCA16
OF9B16 OFCB16
0F9C16 OFCCis
OF9D16 OFCD1s
OF9E1e OFCEuze
OF9F16 OFCF1s
OFAO16 OFDO016
OFA1l1e OFD11s
OFA216 OFD216
OFA316 OFD316
OFA416 OFD416
OFA516 OFD516
OFAG616 OFD616
OFA716 OFD716
OFA816 OFD816
OFA916 OFD916
OFAA16 OFDA16
OFAB16 OFDB16
OFAC16 OFDC1s
OFAD16 OFDD1s
OFAE1s OFDE:ze
OFAF16 OFDF16

Note : /1 Shaded areas are used.

Fig. 32 Example of using the FLD automatic display RAM (1)
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For 42 segments and 8 digits For 42 segments and 8 digits
(FLD data pointer reload register = 7) (FLD data pointer reload register = 7)
Bit 7 6 5 4 3 2 1 0 Bit 7 6 5 4 3 2 1 0
Address Address
0F8016 OFBO016
OF8116 OFB11e
OF8216 OFB216
0F8316 OFB316
OF8416 OFB416
O0F8516 OFB516
0F8616 OFB616
OF8716 OFB716
0F8816 OFB816
0F8916 OFB916
OF8A16 OFBA1s
OF8B16 OFBB1s
OF8C16 OFBCis
OF8D16 OFBD1s
OF8Ez16 OFBE1s
OF8F16 OFBF16
0F9016 OFCO016
OF9116 OFClis
0F9216 OFC216
0F9316 OFC316
O0F9416 OFC416
0F9516 OFC516
0F9616 OFC616
OF9716 OFC716
0F9816 OFC816
0F9916 OFC916
OF9A16 OFCA16
OF9B16 OFCB16
0F9C16 OFCCis
OF9D16 OFCD1s
OF9E1e OFCEuze
OF9F16 OFCF1s
OFAO16 OFDO016
OFA1l1e OFD11s
OFA216 OFD216
OFA316 OFD316
OFA416 OFD416
OFA516 OFD516
OFAG616 OFD616
OFA716 OFD716
OFA816 OFD816
OFA916 OFD916
OFAA16 OFDA16
OFAB16 OFDB16
OFAC16 OFDC1s
OFAD16 OFDD1s
OFAE1s OFDE:ze
OFAF16 OFDF16
Note : /] Shaded areas are used.

Fig. 33 Example of using the FLD automatic display RAM (2) (continued)
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e Timing Setting

The digit time (Tdisp) can be set with the FLDC mode register 2
(address 003716). The Tscan and digit/segment OFF time (Toff)
can be set with the FLDC mode register 1 (address 003616).
Note that flickering will occur if the repetition frequency (1/
(Tdisp O number of digits + Tscan)) is an integral multiple of the
digit timing Tdisp.

FLD Automatic Display Start
To perform FLD automatic display, set the following registers.
« Port PO segment/digit switch register
« Port P2 digit/port switch register
« Port P8 segment/port switch register
« Port PA segment/port switch register
* FLDC mode register 1
* FLDC mode register 2
* FLD data pointer

Automatic display mode is selected by writing “1” to the bit O of
the FLDC mode register 2 (address 003716), and the auto-
matic display is started by writing “1” to the bit 1.

During automatic display bit 1 of the FLDC mode register 2 al-
ways keeps “1”, automatic display can be interrupted by writing
“0” to the bit 1.

Key-scan

If key-scan is performed with the segment during the key-scan

blanking period Tscan, take the following sequence:

1. Write “0” to the bit O (automatic display control bit) of the
FLDC mode register 2 (address 003716).

2. Set the port corresponding to the segment for key-scan to
the output port.

3. Perform the key-scan.

4. After the key-scan is performed, write “1” (automatic display
mode) to the bit 0 of FLDC mode register 2 (address
003716).

Note on performance of key-scan in the above 1 to 4 sequence.

1. Do not write “0” to the bit 1 of FLDC mode register 2 (ad-
dress 003716).

2. Do not write “1” to the port corresponding to the digit.

Tdisp Tscan
Gn
Gn-1
Gn-2
Gl

Segment
oA G VG V G VAN ¥ G V G V D V G V D V G V G VD ¥ G VA Y G|
S —
Segment setting by software
FLD digit interrupt occurs FLD blanking interrupt occurs
at the rising edge of each digit at the falling edge of the last digit
Digit
Segment )
Toff
Tdisp
Fig. 34 FLDC timing
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INTERRUPT INTERVAL DETERMINATION

FUNCTION

The 3819 group builds in an interrupt interval determination circuit.

This interrupt interval determination circuit has an 8-bit binary up

counter. Using this counter, it determines a duration of time from

the rising transition (falling transition) of an input signal pulse on
the P42/INT2 pin to the rising transition (falling transition) of the
signal pulse that is input next.

How to determine the interrupt interval is described below.

O Enable the INT2 interrupt by setting the bit 2 of the interrupt con-
trol register 1 (address 003E16). Select the rising interval or
falling interval by setting the bit 2 of the interrupt edge selection
register (address 003A16).

[ Set the bit 0 of the interrupt interval determination control regis-
ter (address 003116) to “1” (interrupt interval determination
operating).

O Select the sampling clock of 8-bit binary up counter by setting
the bit 1 of the interrupt interval determination control register.
When writing “0”, f(XIN)/256 is selected (the sampling interval:
32 ps at f(XIN) = 8.38 MHz) ; when “1”, f(XIN)/512 is selected (the
sampling interval: 64 ps at f(XIN) = 8.38 MHz).

O When the signal of polarity which is set on the INT2 pin (rising or
falling transition) is input, the 8-bit binary up counter starts
counting up of the selected counter sampling clock.

OWhen the signal of polarity above O is input again, the value of
the 8-bit binary up counter is transferred to the interrupt interval

determination register (address 003016), and the remote control
interrupt request occurs. Immediately after that, the 8-bit binary
up counter is cleared to “0016". The 8-bit binary up counter con-
tinues to count up again from “0016".

OWhen count value reaches “FF16”, the 8-bit binary up counter
stops counting up. Then, simultaneously when the next counter
sampling clock is input, the counter sets value “FF16” to the in-
terrupt interval determination register to generate the counter
overflow interrupt request.

Noise filter

The P42/INT2 pin builds in the noise filter.

The noise filter operation is described below.

O Select the sampling clock of the input signal with the bits 2 and
3 of the interrupt interval determination control register. When
not using the noise filter, set “002".

OThe P42/INT2 input signal is sampled in synchronization with the
selected clock. When sampling the same level signal in series,
the signal is recognized as the interrupt signal, and the interrupt
request occurs.

When setting the bit 4 of interrupt interval determination control
register to “1”, the interrupt request can occur at both rising and
falling edges.

When using the noise filter, set the minimum pulse width of the

INT2 input signal to 2 cycles or more.
Note : In the low-speed mode (CM7=1), the interrupt interval determination
function can not operate.

The counter

sampling clock fxm)r25
selection bit f(Xm)/512—o
INT2 interrupt input Noise filter

The counter overflow
[— interrupt request or
remote control interrupt request

8-bit binary up counter

U

Interrupt interval
determination register

address 003016
One-sided/both-sided
Noise filter sampling detection selection bit
clock selection bit
“1 |u2s6
1 54T1/1‘28 Data bus
Divider
f(Xin)
Fig. 35 Block diagram of interrupt interval datermination circuit
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0 Interrupt interval determination control register
| | | | | | | | | (IIDCON : address 003116)

Interrupt interval determination circuit operating selection bit
0 : Stopped
1: Operating
Counter sampling clock selection bit
0 : f(Xin)/256
1:f(XiN)/512
Noise filter sampling clock selection bits(INT2)
0 0 : Filter stop
01 : f(Xin)/64
10:f(Xin)/128
11:f(Xin)/256

——————One-sided/both-sided edge detection selection bit
0 : One-sided edge detection
1 : Both-sided edge detection

Not used (return “0” when read)

Fig. 36 Structure of interrupt interval determination control register

(When IIDCON4 = “0")
Noise filter
Sampling clock

INT2 pin

Acceptance
of interrupt

Counter
sampling clock
FFE
N FE
— 6 h‘
8-bit binary , 3.4 ] , 3 :
up counter value o —1 0 1 0 1 ( 0
6 3 FF

Interrupt interval ¢ ¢
determination < N—""—><«<—— 66— > 3—><—FF----
register value Remote control Remote control Remote control Counter overflow

interrupt request interrupt request interrupt request interrupt request

Fig. 37 Interrupt interval determination operation example (at rising edge active)
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(When IIDCON4 = “17)
Noise filter
Sampling clock

INT2 pin

Acceptance
of interrupt

Counter
sampling clock

8-bit binary
up counter value

Interrupt interval
determination
register value

N

v

1

v

o 1

~1t o 1 o

By

JEJENs

FF

FE

——

4

v

1

v

1 1

R

K NDIE— 11— > 4> 1> 1> 1 — >IKFF----

Remote
control
interrupt
request

Remote
control
interrupt
request

Remote  Remote
control control
interrupt  interrupt
request  request

Remote  Remote
control control
interrupt  interrupt
request  request

Counter
overflow
interrupt
request

Fig. 38 Interrupt interval determination operation example (at both-sided edge active)

MITSUBISHI
ELECTRIC

43



MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

ZERO CROSS DETECTION CIRCUIT

The zero cross detection circuit compares the voltage applied to
P4s/INT1/ZCR pin and Vss. The result can be read from the zero
cross detection circuit input bit (bit 7) of the zero cross detection
control register. It is set to “1” when the input voltage is higher than
Vss and to “0” when it is lower than Vss. The input signal to P45/
INT1/ZCR pin can select to either pass through the zero cross de-
* tection comparator or not to do.

When using 100 V AC as input signal, insert an external circuit be-
tween it and P45/INT1/ZCR pin. Set the input current limiting
resistors used in the external circuit to a value which satisfies the
absolute maximum rating of port P45.

Tha
100V AC
R1 R2
E PAS/INTI/ZCR
Vss

r

Fig. 39 External circuit example for zero cross detection

Zero cross detection control register
(ZCRCON : address 003916)

Zero cross detection ON/OFF selection bit

Not used (returns “0” when read)

Noise filter sampling clock selection bits (INT1)
b3 b2
0 0 : Not use noise filter
0 1:f(Xin)/64 or f(Xcin)/64
1 0:f(Xin)/128 or f(Xcin)/128
1 1:f(Xin)/256 or f(Xcin)/256

One-sided/both-sided edge detection selection
0 : One-sided edge detection
1 : Both-sided edge detection

Not used (return “0” when read)

Zero cross detection circuit input bit (read only)
0:Lessthan 0V
1:0V or more

bit

0 : Without passing through zero cross detection comparator
1 : Passing through zero cross detection comparator

Fig. 40 Structure of zero cross detection control register

P4s/INT2/ZCR ()
Zero cross detection
ON/OFF selection bit

“Qr
. KO* Rising/falling
1 edge switch

When not using
the filter

When using
the filter

»—> Zero cross detection
circuit input bit

Noise filter

Zero cross detection comparator

detection selection bit

Noise filter sampling clock

One-sided/both-sided edge

INT1/ZCR
interrupt request

selection bit 01%56
16428
“f&::gﬂfo
Fig. 41 Block diagram of zero cross detection circuit
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NOISE FILTER

The noise filter uses a sampling clock to remove the noise compo-
nent digitally from the input signal of P45/INT1/ZCR pin. The
sampling clock can be selected from 8 ps, 16 ps, or 32 ps (at
f(XIN)= 8.38 MHz) and this is used to change the noise component
to be removed. It is also possible to generate an internal trigger
and INT1/ZCR interrupt request directly without passing through

the noise filter. When passing through the noise filter, either both-
sided edge detection or one-sided edge detection can be selected
as the interrupt request generating source. The zero cross detec-
tion control register is used for this selection. Furthermore, switch
between rising edge and falling edge is performed with the bit 1 of
the interrupt edge selection register (address 003Az16).

One-sided/both-sided edge
detection selection bit
(bit 4 of ZCRCON)

P4s/INT1/ZCR pin

. c L Quqn
Input signal from D 0 Alp Q B, "_D—s Q D Q ,) > 1

INT1/ZCR
interrupt request

Sampling clock

RESET —{>

Fig. 42 Noise filter circuit diagram

RESET
Sampling clock
P4s/INT1/ZCR \ /™ [ oV
. (Note 1)
Input signal from —| |_| |
P45/INT1/ZCR pin
A [ [ ] [
B |
c |
//" \ N 2 //‘\ ) . .
INT1/ZCR (one-sided edge) w\ : i > Switched with
i I I \ o g bit 4 of ZCRCON
interrupt request (both-sided edge) A A A
Notes 1 : Ignored this because of treating this as noise
2 4 : INTZ/ZCR interrupt request occurs
Fig. 43 Timing of noise filter circuit
MITSUBISHI a5
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RESET CIRCUIT
To reset the microcomputer, RESET pin should be held at an “L” /POWETO“
level for 2 ps or more. Then the RESET pin is returned to an “H”
level (the power source voltage should be between 2.8 V and 5.5 voltage
V, and XIN oscillation is stable), reset is released. In order to give
the XIN clock time to stabilize, internal operation does not begin
until after about 4000 XiN clock cycles (256 cycles of f(XIN)/16) are
completed. After the reset is completed, the program starts from
the address contained in address FFFD16 (high-order) and ad-
dress FFFC16 (low-order). Make sure that the reset input voltage

is 0.5 V or less for 2.8 V of Vcc.

Power source W

RESET Vcc ov

+———+ Resetinput

—Pp—— voltage

< N /OK_

Note : Reset release voltage : Vcc = 2.8 V

Power source voltage
detection circuit

Fig. 44 Example of reset circuit

XIN

RESET

Internal reset

Address

Data

SYNC

NE

X 2 X 2 X 2 X rrrc X rrep XaDw, ADOX

Reset address from

X

vector table

2 X? X? ><? ><ADL><ADH><

N

about 4000

Xin clock cycles

Notes 1: f(Xin) and f(¢g) are in the relationship : f(Xin) = 8-f(@)
2 : A question mark (?) indicates an undefined state that depends on the previous state.

Fig. 45 Reset sequence
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(1) Port PO

(2) PortP1

(3) PortP2

(4) Port P2 direction register

(5) PortP3

(6) PortP4

(7) Port P4 direction register

(8) PortP5

(9) Port P5 direction register

(10) Port P6

(11) Port P6 direction register

(12) Port P7

(13) Port P7 direction register

(14) Port P8

(15) Port P8 direction register

(16) Port P9

(17) Port PA

(18) Port PA direction register

(19) Port PB

(20) Port PB direction register

(21) Serial 1/01 control register

(22) Serial 1/0 automatic transfer
control register

(23) Serial 1/0 automatic transfer
interval register

(24) Serial 1/02 control register

(25) Serial 1/03 control register

(26) Timer 1

(27) Timer 2

(28) Timer 3

(29) Timer 4

(30) Timer 5

Note : O : Undefined

Address

(000016) -+«
(000216) + -«
(000416) -«
(000516) + -«
(000616) + -«
(000816) -+«
(000916) -«
(0O00A16) -
(000B16) -«
(000C16) -+
(000D16) -+
(O0OEzs6) - -+
(O00F16) -+ -
(001016) -«
(001116).--
(001216) -
(001416) .-
(001516) -«
(001616) -
(001716) -+
(001916) -

(001A16) .-+

(001C16)---

(001D16) -+
(001Ez6).--
(002016) + -«
(002116) .-+
(002216) + -«
(002316) + -«

(002416) -«

Register contents

0016

0016

0016

OF16

0016

0016

0016

0016

0016

0016

0016

0016

0016

0016

0016

0016

0016

0016

0016

0016

0016

0016

0016

0016

0016

FF1e

0l11e

FF1e

FF1e

FF1e

(31) Timer 6

(32) Timer 12 mode register
(33) Timer 34 mode register
(34) Timer 56 mode register
(35) D-A conversion register

(36) AD/DA control register

(37) Interrupt interval determination

control register

(38) Port PO segment/digit
switch register

(39) Port P2 digit/port switching
register

(40) Port P8 segment/port
switch register

(41) Port PA segment/port switch

(42) FLDC mode register 1

(43) FLDC mode register 2

(44) Zero cross detection control

register

(45) Interrupt edge selection register

(46) CPU mode register

(47) Interrupt request register 1
(48) Interrupt request register 2
(49) Interrupt control register 1
(50) Interrupt control register 2
(51) Processor status register

(52) Program counter

The contents of all other registers and RAM are undefined at reset, so set their initial values.

Address

(002516) + -«
(002816) + -«
(002916) -«
(002A16)- -
(002B16)---
(002C16) « - -

(003116) .-+

(003216) -+«

(003316) - -

(003416) - -

(003516) + -«
(003616) - -
(003716) +--

(003916) -«

(003A16).--
(003B16)---
(003C16) «+-
(003D16) «+ -
(0O03Ezs)--
(003F16) -+

(PS)-.-

(PCH)

(PCv)

Register contents

FFie

0016

0016

0016

1016

. ‘ 0016
‘ 0016

‘ 0016

. ‘ 0016

. ‘ 0016

0016

0016

. ‘ 0016

0016

«++|Contents of address FFFD1s

‘ 0016

Contents of address FFFCas

Fig. 46 Internal status at reset

MITSUBISHI
ELECTRIC

47



MITSUBISHI MICROCOMPUTERS
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

CLOCK GENERATING CIRCUIT

The 3819 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 XouT since a feed-back
resistor exists on-chip. However, an external feed-back resistor is
needed between XCIN and XcouT.

Immediately after poweron, only the XiN oscillation circuit starts
oscillation, and XcIN and XcouT pins function as 1/0 ports.

Frequency Control

Middle-speed mode

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

High-speed mode
The internal clock @is half the frequency of XIN.

Low-speed mode

The internal clock @is half the frequency of XCIN.

Note : If you switch the mode between middle/high-speed and low-speed,
stabilize both XiN and XcIN oscillations. The sufficient time is re-
quired for the XcIN oscillation to stabilize, especially immediately
after poweron and at returning from stop mode. When switching the
mode between middle/high-speed and low-speed, set the frequency
on condition that f(XIN) > 3-f(XCIN).

Low-power dissipation mode

When stopping the main clock XiN in the low-speed mode, the low-
power dissipation operation starts. To stop the main clock, set the
bit 5 of the CPU mode register to “1”. When the main clock XIN is
restarted, set enough time for oscillation to stabilize by program-
ming.

The low-power dissipation operation 200 pA or less (at f(XIN) = 32
kHz) can be realized by reducing the XcIN—XcouT drivability. To re-
duce the Xcin—XcourT drivability, clear the bit 3 of the CPU mode
register to “0”. At reset or when executing the STP instruction, this
bit is set to “1” and strong drivability is selected to help the oscilla-
tion to start.

Oscillation Control

Stop mode

If the STP instruction is executed, the internal clock ¢ stops at an
“H” level, and XIN and XcIN oscillators stop. Timer 1 is set to “FF16”
and timer 2 is set to “0116”". Either XIN or XcIN divided by 16 is in-
put to timer 1, and the output of timer 1 is connected to timer 2.
The bits of the timer 12 mode register are cleared to “0”. Set the
timer 1 and timer 2 interrupt enable bits to disabled (“0”) before ex-
ecuting the STP instruction.

Oscillator restarts at reset or when an external interrupt is re-
ceived, but the internal clock ¢ is not supplied to the CPU until
timer 1 underflows. When using an external resonator, it is neces-
sary for oscillating to stabilize.

Wait mode

If the WIT instruction is executed, the internal clock ¢ stops at an
“H” level. The states of XIN and XcCIN are the same as the state be-
fore executing the WIT instruction. The internal clock restarts 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 Xout

Fig. 47 Ceramic resonator external circuit

XciN_ Xcout XIN Xout

Open Open

External oscillation  External oscillation
circuit or pulse circuit

w LI L veruuuy
Vss Vss

Fig. 48 External clock input circuit
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XcIN Xcout
uln o “O"
: {Por’[ Xc switch bit (Note 3)
Timer 1 count
XIN Xout | Internal system clock selection bit source selection
(Note 1, 3) bit (Note 2)
Low-speed mode ‘1"
aqn -
(Ta 14 12 o—© Timer 1
“o
Middle/

High-speed mode

Main clock division ratio selection bit (Note 3)
Middle-speed mode

—0
—0 Timing @
High-speed mode (Internal clock)
or Low-speed mode
7O<]> Main clock stop bit (Note 3)
—1Q S S Q Q s
R|——STP instruction WIT L — R|—— STP instruction
instruction
Reset

Interrupt disable flag | —
Interrupt request

Notes 1: When selecting the low-speed mode, set the port Xc switch bit to “1”.
2 : Refer to the structure of timer 12 mode register.
3 : Refer to the structure of CPU mode register (next page).

Fig. 49 Clock generating circuit block diagram
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Reset

Middle-speed mode (¢ =1 MHz) CMs
CM7 = 0 (8 MHz selected) 417310
CMe = 1 (Middle-speed)
CMs = 0 (XN oscillating)
CMa4 =0 (32 kHz stopped)

High-speed mode (¢ = 4 MHz)
CM7 = 0 (8 MHz selected)
CMs = 0 (High-speed)
CMs = 0 (Xin oscillating)
CMa = 0 (32 kHz stopped)

Middle-speed mode (¢ =1 MHz) CMs
CM7 = 0 (8 MHz selected) “17 340"
CMs = 1 (Middle-speed)
CMs =0 (XN oscillating)
CMa =1 (32 kHz oscillating

High-speed mode (¢ =4 MHz)
CM7 =0 (8 MHz selected)
CMs = 0 (High-speed)

CMs =0 (XN oscillating)
CMa =1 (32 kHz oscillating

5 o
~ ~
51 51

(@]

= .

Low-speed mode (¢ =16 kHz)
CM7 =1 (32 kHz selected)
CMe = 1 (Middle-speed)
CMs = 0 (XN oscillating)
CMas =1 (32 kHz oscillating)

Low-speed mode (¢ = 16 kHz)
CM7 =1 (32 kHz selected)
CMe = 0 (High-speed)

CMs = 0 (XN oscillating)
CMas =1 (32 kHz oscillating)

CMs
aqr g

CPU mode register

b7 bo
|(CPUM (CM) : address 003B 16)

CMa4 : Port Xc switch bit
0 : 1/O port function
1 : Xcin-Xcout oscillating function

——— CMs : Main clock (Xin-Xour) stop bit

0 : Oscillating
1: Stopped
CMes : Main clock division ratio selection bit
0 : f(Xin)/2 (high-speed mode)
Low power dissipation mode (=16 kHz) CMs Low power dissipation mode (¢ =16 kHz) 1: f(Xin)/8 (middle-speed mode)
CMy7 =1 (32 kHz selected) e 5O CMy7 = 1 (32 kHz selected) L CM7: Internal system clock selection bit
CMs = 1 (Middle-speed) CMe = 0 (High-speed) 0 : Xin-XouT selected
CMs =1 (Xin stopped) CMs =1 (XN stopped) (middle/high-speed mode)
CMa = 1 (32 kHz oscillating) CMa =1 (32 kHz oscillating) 1 : Xcmn-Xcout selected

(low-speed mode)

Notes 1: Switch the mode by the allows shown between the mode blocks. (Do not switch between the mode 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 released in middle/high-speed mode, a delay of approximately 0.5 ms occurs automatically by timer 1.
: When the stop mode is released in low-speed mode, a delay of approximately 0.125 s occurs automatically by timer 1.
5: The example assumes that 8 MHz is being applied to the Xin pin and 32 kHz to the Xcin pin. @indicates the internal clock.

oW

Fig. 50 State transitions of system clock
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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 performing
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. Only the ADC
and SBC instructions yield proper decimal results. After execut-
ing an ADC or SBC instruction, execute at least one instruction
before executing a SEC, CLC, or CLD instruction.

In decimal mode, the values of the negative (N), overflow (V),
and zero (Z) flag are invalid.

The carry flag can be used to indicate whether a carry or borrow
has occurred. Initialize the carry flag before each calculation.
Clear the carry flag before an ADC and set the flag before an
SBC.

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 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 I/0

When using an external clock, input “H” to the external clock input
pin and clear the serial I/O interrupt request bit before executing
serial I/O transfer and serial I/O automatic transfer.

When using the internal clock, set the synchronous clock to inter-
nal clock, then clear the serial I/O interrupt request bit before
executing a serial 1/O transfer and serial I/O automatic transfer.

A-D Converter

The comparator uses internal capacitors whose charge will be lost
if the clock frequency is too low.

Make sure that f(XIN) is 500 kHz or more during an A-D conver-
sion.

Do not execute the STP or WIT instruction during an A-D conver-
sion.

Instruction Execution Time

The instruction execution time is obtained by multiplying the fre-
quency 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 frequency of the internal
clock @is half of the XIN or XcIN frequency.

At the STP Instruction Release

At the STP instruction release, all bits of the timer 12 mode regis-
ter are cleared.

The Xcour drivability selection bit (the CPU mode register) is set
to “1” (high drive) in order to start oscillating.

MITSUBISHI 51
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DATA REQUIRED FOR MASK ORDERS
The following are necessary when ordering a mask ROM produc-
tion:

(1) Mask ROM Order Confirmation Form

(2) Mark Specification Form

(3) Data to be written to ROM, in EPROM form (three identical
copies)

PROM PROGRAMMING METHOD

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.

Package Name of Programming Adapter
100P6S-A PCA4738F-100A
100D0 PCA4738L-100A

Set the address of PROM programmer in the user ROM area.

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 writing, the procedure shown in Figure
51 is recommended to verify programming.

Programming with
PROM Programmer

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

Q

Verification with
PROM Programmer

S~

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

Symbol Parameter Conditions Ratings Unit
Vcc Power source voltage -0.3t07.0 \
VEE Pull-down power source voltage Vce —40to Veec +0.3 \%

Input voltage P24—-P27, P41-P44, P4e, P47,
Vi —0.3to Vcc +0.3 \Y

P50-P57, P60-P67, P70-P77, PBo-PB3
Vi Input voltage P40, P45 —-0.3to Vcc +0.3 \%
Vi Input voltage P80—P87, PAo—PA7 Vce —40 to Veec +0.3 \%
Vi Input voltage RESET, XIN All voltages are based on Vss. -0.3 to Vcc +0.3 V
Vi Input voltage XCIN Output transistors are cut off. 03 toVce +0.3 V;
Vo Output voltage P00—P07, P10-P17, P20-P23, VCC 40 1o Vee +0.3 v
P30-P37, P80-P87, P90—P97, PA0—PA7

Output voltage P24—P27, P41-P44, P4e, P47, P50-P57,

Vo P60-P67, P70-P77, PBo—PB3, XOUT, -0.3 toVcc +0.3 Y
Xcout
Pd Power dissipation Ta=25°C 600 mw
Topr Operating temperature —10to 85 °C
Tstg Storage temperature —40 to 125 °C
RECOMMENDED OPERATING CONDITIONS (vcc=4.0t05.5V, Ta=-10 to 85°C, unless otherwise noted)
Limits .
Symbol Parameter Min, Typ. Mo Unit
vee Power source voltage High-speed mode 4.0 >0 >3 v
Middle/Low-speed mode 2.8 5.0 5.5 \Y

Vss Power source voltage 0 \%
VEE Pull-down power source voltage Vcc-38 \Y/elo} \Y
VREF Analog reference voltage (when using A-D converter) 2.0 \Y/ele} \Y;

Analog reference voltage (when using D-A converter) 3.0 \Y/elo} \Y
AVss Analog power source voltage 0 \Y
VIA Analog input voltage AN0-AN15 0 \Y/elo} \Y

“H” input voltage P40-P47, P50-P57, P60—P67,
VIH P70-P77, PBo—PB3 0.75Vce Vcc \
VIH “H” input voltage P24-P27 0.4Vcc \V/o'e) \Y;
VIH “H” input voltage P80-P87, PA0—PA7 0.8Vcc \V/o'e) \Y;
VIH “H” input voltage RESET 0.8Vce vee v
VIH “H” input voltage XIN, XCIN 0.8Vcc \V/o'e) \Y;

“L” input voltage P40-P47, P50-P57, P60—P67,
ViL P70-P77, PB0-PB3 0 028vee |V
VIL “L” input voltage P24-P27 0 0.16Vcc V
VIL “L” input voltage P80-P87, PA0—PA7 0 0.2Vce \Y;
VIL “L” input voltage RESET 0 0.2vcc | V
VIL “L” input voltage XIN, XCIN 0 0.2Vce \
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RECOMMENDED OPERATING CONDITIONS (vcec=4.0t05.5V, Ta=-10 to 85°C, unless otherwise noted)

Limits
Symbol Parameter - Unit
Min. Typ. Max.
“H” total peak output current P00-P07, P1o—P17, P20-P27,
P30-P37, P80—P87, P90-P97, —240 mA
(Note 1) PAs, PA7
210Hpeak) [ iotal peak output current P41—P44, Pds, P47, P50—P57,
P60-P67, P70-P77, PA0—PAS, -60 mA
(Note 1) PBo—PB3
“L” total peak output current P24-P27, P41-P44, P4s, P47,
ZI0L(peak) P50-P57, P60-P67, P70-P77, 100 | mA
(Note 1) PBo-PB3
“H” total average output current P0o—P07, P1o—P17, P20-P27,
P30-P37, P80—P87, P90-P97, -120 mA
SloH@vg) s (Note 1) PAs, PA7
H” total average output current P41-P44, P4s, P47, P50-P57,
P60-P67, P70-P77, PA0—PAS, -30 mA
(Note 1)  PBo-PB3
“L" total average output current  P24—P27, P41-P44, P4s, P47,
ZloL(avg) P50-P57, P60—-P67, P70-P77, 50 mA
(Note 1) PBo-PB3
“H” peak output current P00-PO07, P1o-P17, P20-P23,
|OH(peak) P30-P37, P80—P87, P90—P97, —-40 mA
(Note 2)  PA0—PA7
“H” peak output current P24-P27, P41-P44, P4s, P47,
IOH(peak) P50-P57, P60-P67, P70-P77, -10 mA
(Note 2)  PBo-PB3
“L” peak output current P24-P27, P41-P44, P4s, P47,
0L (peak) P50-P57, P60—P67, P70-P77, 10 | mA
(Note 3)  PBo-PB3
“H” average output current  PO0—P07, P1o-P17, P20-P23,
|I0H(avg) P30-P37, P80-P87, P90-P97, -18 mA
(Note 3)  PA0—PA7
“H” average output current  P24—P27, P41-P44, P4s, P47,
IOH(avg) P50-P57, P60—P67, P70-P77, -5.0 mA
(Note 3) PBo-PB3
“L” average output current P24-P27, P41-P44, P4s, P47,
IoL(avg) P50-P57, P60-P67, P70-P77, 5.0 mA
(Note 3)  PBo-PB3
f(CNTRo) | Clock input frequency for timers 2 and 4 250 KHzZ
f(CNTR1) | (duty cycle 50%)
f(XIN) Main clock input oscillation frequency (Note 4) 8.4 MHz
f(XcIN) Sub-clock input oscillation frequency (Note 4, 5) 32.768 | 50 kHz
Notes 1: 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.
2: The peak output current is the peak current flowing in each port.
3: The average output current in an average value measured over 100 ms.
4: When the oscillation frequency has a 50% duty cycle.
5: When using the microcomputer in low-speed operation mode, set the sub-clock input oscillation frequency on
condition that f(XCIN) < f(XIN)/3.
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ELECTRICAL CHARACTERISTICS

(Vec =4.0t0 5.5V, Ta=-10 to 85°C, unless otherwise noted)

ELECTRIC

Limits .
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
“H” output voltage POo—P07, P1o-P17, P20-P23,
VOH P30-P37, P80-P87, P90-P97, IoH=-18 mA Vce-2.0 \
PA0—PA7
“H” output voltage P24—P27, P41-P44, P4e, P47,
VOH P50-P57, P60-P67, P70-P77, IoH=-10 mA Vce-2.0 \
PBo—PB3
“L” output voltage P24—P27, P41—P44, P4s, P47,
VoL P50-P57, P60-P67, P70-P77, loL=10 mA 2.0 \
PBo—PB3
VT+-VT_ Hysteresis INTO-INT4, SIN1, SIN2, SINg, ScLki1, | When using a non-port 04
ScLk2, ScLk3, CS, CNTRo, CNTR1 function '
VT+-VT- Hysteresis RESET, XIN 05 v
VT+-VT- Hysteresis XCIN 05 v
H “H” input current  P24-P27, P40-P47, P50-P57, Vi=vee 5.0 UA
P60-P67, P70-P77, PBo—PB3
IH “H” input current  P80—P87, PA0o—PA7 (Note) Vi=Vee 5.0 HA
IH “H" input current  RESET, XCIN Vi=Vcc 5.0 HA
IH “H” input current  XIN Vi=Vce 4.0 pA
I “L”input current  P24—P27, P40-P47, P50-P57, VI=VsS 50 UA
P60-P67, P70-P77, PBo—PB3
IL “L” input current  P80—P87, PA0—PA7 (Note) VI=Vss -5.0 HA
IL “L" input current  RESET, XCIN VI=Vss -5.0 HA
IL “L” input current  XIN Vi=Vss -4.0 HA
Output load current PO0—-P07, P10-P17, P20-P23, =Vce— =
ILOoAD P P30—P37, P90—P97 \éirtzpa/tctfar?gs\:b\r/so‘%fxcq 150 500 900 KA
Output leakage current PO0—P07, P1o-P17, VEE=VCC-38 V.,
ILEAK P20-P23, P30—P37, VoL=Vce-38 V, -10 A
P8o-P87, P90-P97, Output transistors “off”
PA0—-PA7
VRAM RAM hold voltage When clock is stopped 2 55 \V;
Note : Except when reading ports P8 or PA.
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ELECTRICAL CHARACTERISTICS (vcc=4.0t05.5V, Ta=-10 to 85°C, unless otherwise noted)

Limits
mbol Parameter Test condition - nit
Symbo aramete est conditions Min. e, Max. U

» High-speed mode

f(XIN) = 8.4 MHz

f(XcIN) = 32 kHz

Output transistors “off”

» High-speed mode

f(XIN) = 8.4 MHz (in WIT state)
f(XcIN) = 32 kHz

Output transistors “off”

» Middle-speed mode

f(XIN) = 8.4 MHz

f(XcIN) = stopped

Output transistors “off”

» Middle-speed mode

f(XIN) = 8.4 MHz (in WIT state)
f(XcIN) = stopped

Output transistors “off”

7.5 15 mA

Icc Power source current
* Low-speed mode

f(XIN) = stopped, f(XcIN) = 32 kHz
Low-power dissipation mode set 60 200 WA
(CM3)=0

Output transistors “off”

* Low-speed mode

f(XIN) = stopped

f(XcIN) = 32 kHz (in WIT state)
Low-power dissipation mode set
(CM3)=0

Output transistors “off”

Increase at A-D converter operating
f(XIN) = 8.4 MHz

Increase at zero cross detection
(P45 =Vcce)

All oscillation stopped | T, = 25°¢ 01 1
(in STP state) HA
Output transistors “off” | T2 =85°C 10

20 40 HA

0.6 mA
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ZERO CROSS DETECTION INPUT CHARACTERISTICS

(Vcc=4.0t05.5V, Vss =0V, Ta=-10 to 85°C, unless otherwise noted)

Symbol

Parameter

Test conditions

Limits

Min.

Typ. | Max.

Unit

fzcr

Input frequency of zero cross detection

50, 60| 1000

Hz

AVT

Voltage error of zero cross detection distinction

50 Hz or 60 Hz

-100

0 100

mV

1/fzcr

100V AC

P4s/INT1/ZCR

clamp correction

input waveform

¥ AVT

Vi

Zero cross detection
comparator output

57V

-0.7V

Fig. 52 Zero cross detection input characteristics

A-D CONVERTER CHARACTERISTICS
(Vcc=4.0t05.5V, Vss =0V, Ta=-10 to 85°C, high-speed operation mode f(XIN) = 500 kHz to 8.4 MHz, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.

- Resolution 8 Bits

- Absolute accuracy (excluding quantization error) | Vcc = VREF =5.12 V +1 +2.5 LSB

TCONV Conversion time 49 50 tc (@)
IVREF Reference power source input current VREF =5V 50 150 200 HA
lIA Analog port input current 0.5 5.0 HA
RLADDER Ladder resistor 35 kQ

D-A CONVERTER CHARACTERISTICS
(Vcc=4.0t05.5V, Vss =AVss =0V, VRer = 3.0 to Vcc, Ta = —10 to 85°C, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
- Resolution 8 Bits
Vcc=4.0t055V 1.0 %
- Absolute accuracy

Vcc=3.0to 5.5V 25 %

Tsu Setting time 3 us
Ro Output resistor 1 25 4 kQ
IVREF Reference power source input current (Note) 3.2 mA

Note : Exclude currents flowing through the A-D converter ladder resistor
MITSUBISHI -
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TIMING REQUIREMENTS (vcc =4.0t05.5V, Vss =0V, Ta = —10 to 85°C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. Typ. Max.
tW(RESET) Reset input “L” pulse width 2.0 us
tC(Xin) Main clock input cycle time (XIN input) 119 ns
tWH(XIN) Main clock input “H” pulse width 30 ns
tWL(XIN) Main clock input “L” pulse width 30 ns
tC(Xem) Sub-clock input cycle time (XCIN input) 20 ps
TWH(XcIN) Sub-clock input “H” pulse width 5.0 ps
tWL(Xcin) Sub-clock input “L” pulse width 5.0 ps
{C(CNTR) CNTRo, CNTR1 input cycle time 4.0 ps
tWH(CNTR) CNTRo, CNTR1 input “H” pulse width 1.6 ps
tWL(CNTR) CNTRo, CNTR1 input “L” pulse width 1.6 ps
tWH(INT) INTo—INT4 input “H” pulse width 80 ns
tWL(INT) INTo—-INT4 input “L” pulse width 80 ns
tC(Scik) Serial /0 clock input cycle time 1.0 ps
tWH(ScLk) Serial I/0O clock input “H” pulse width 400 ns
tWL(ScLK) Serial 1/0 clock input “L” pulse width 400 ns
tsu(ScLk—SIn) Serial I/0 input setup time 200 ns
th(ScLk-SIN) Serial I/0O input hold time 200 ns
SWITCHING CHARACTERISTICS (vcc=4.0t05.5V, Vss =0V, Ta = -10 to 85°C, unless otherwise noted)
. Limits .
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
tWH(ScLk) Serial I/0 clock output “H” pulse width CL =100 pF /t;(ffg% ns
tWL(ScLk) Serial 1/O clock output “L” pulse width CL =100 pF /t;(;s]c-g% ns
td(ScLk—Sour) Serial 1/0 output delay time 0.2tc(Scik)|  ns
tv(ScLk=SouT) Serial 1/0 output hold time 0 ns
tr(Scik) Serial 1/0 clock output rising time CL =100 pF 40 ns
tf(ScLk) Serial 1/0 clock output falling time CL =100 pF 40 ns
oy | O eadonnolage Fonamelpen- | O AR 55 .
| ing s (e By | Ve vedesov s

Notes 1: When the bit 7 of the FLDC mode register 1 (address 003616) is at “0”.
2: When the bit 7 of the FLDC mode register 1 (address 003616) is at “1”.

P56/ScLks,
P52/ScLk2,
P66/ScLk11

Serial clock output port

— II o

Note : Ports P8 and PA need external resistors.

PO, P1, P20—P2s,

High-breakdown-voltage P3, P8, P9, PA
P-channel open-drain
output port
CL
(Note) VEE

Fig. 53 Circuit for measuring output switching characteristics
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TIMING DIAGRAM

B tc(cNTR) N
| tWH(CNTR) D tWL(CNTR)
CNTRo 0.8Vce /
CNTR1 0.2Vcc
| TWH(INT) [ twL(NT) |
0.8Vce
INTo- 0.2Vcc
INT4
| tW(RESET) |
RESET 0.8Vce
0.2Vcc
L texm) R
P TWH(X) > e tWL(Xi)
0.8Vce
XN )’\L 0.2Vce A
| tc(Xem)
| TWH(Xci) L tWL(Xen)
0.8Vce
XcIN N 0.2Vcc 4
tC(Sew)
_ tWL(Scw) t tWH(Scw) R
T < >
E— i
0.8Vce
Scik \ 0.2Vce / N\
tsu(Sn-Scix) th(Scik-Si)
n 0.2Vcce
td(Scix-Sour) tv(Scik-Sour)
>
Sout
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Power source current characteristic examples

Figures 54 and 55 show power source current characteristic examples.

[Measuring condition : 25 °C, f(XcIN) = 32 kHz, A-D conversion operating, in high-speed mode]

Power source current .

Rectangular waveform

(mA)
10
at5.0Vv
9
8
7
6
5
4
3
2
1 ‘
8.4
0 ‘ >
0 2 3 4 5 6 7 8 910 Frequency f(Xin)(MHz)

Fig. 54 Power source current characteristic example

Power source current 5
(mA)

Rectangular waveform

[Measuring condition : 25 °C, f(XcIN) = 32 kHz, A-D conversion operating, in high-speed mode]

1.0

at5.0v

0.9

0.8

pa

0.7

0.6

0.5

0.4

0.3

0.2

0.1

8.4

0

N
>

Frequency f(Xin)(MHz)

Fig. 55 Power source current characteristic example (in wait mode)
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Port standard characteristic examples

Figures 56, 57, and 58 show port standard characteristic examples.

loH 4
(mA)

Vce=5.0V
90 °C

[Port P87 loH—VOH characteristic]
(Pins with same characteristic : PO, P1, P20-P23, P3, P8, P9, PA)

Vce =
25°C

55V

-100

N\

Vec=3.0V
25°C vee

25°

On

Vec =55V
190 °C

A\

Vec=3.0V
90 °C

0

A\

\
\

0 1

2 3

4 5

6
VoH (V)

Fig. 56 Standard characteristic example of High-breakdown-voltage P-channel open-drain output port

loH
(mA)

-50

—40

Vcc = 5.5V

[Port P77 loH—VOH characteristic (P-channel drive)]
(Pins with same characteristic : P24—P27, P41-P44, P4se, 47, P5, P6, P7, PB)

—25°C

Vcec = 5.0V

SN

Vcc = 5.5V

790 °C

25°C

—

[ Vee =3.0V —Vee = 5.ov\

25°C

> 90 °C

\

|
Vcc = 3.0V
90 °C

\

0 1

4 5

6
VoH (V)

Fig. 57 Standard characteristic example of CMOS output port at P-channel drive
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[Port P77 loL—VoL characteristic (N-channel drive)]
(Pins with same characteristic : P24—P27, P41-P44, P4e, 47, P5, P6, P7, PB)

loL
(mA) |
Vcc=5.0V
25°C Vcc =55V

S0 Tveec=55V = 90 °C
25 °C
Vec=5.0V
90 °C
40 //

30

/ Vec=3.0V
20 25°C

|
T Vecc=3.0V

/ 90 °C

10 /
0
0 1 2 3 4 5 6

VoL (V)

Fig. 58 Standard characteristic example of CMOS output port at N-channel drive
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A-D conversion standard characteristics

Figure 59 shows the A-D conversion standard characteristics.

The lower-side line on the graph indicates the absolute precision error. It represents the deviation from the ideal value.
For example, the conversion of output code from 0016 to 0116 occurs ideally at the point of ANo = 10 mV, but the
measured value is —4 mV. Accordingly, the measured point of conversion is represented as “10 — 4 = 6 mV".

The upper-side line on the graph indicates the width of input voltages equivalent to output codes. For example, the
measured width of the input voltage for output code 4916 is 23 mV, so the differential nonlinear error is represented
as “23-20=3 mV” (0.1 LSB).

M38197MA-000FP A-D CONVERTER STEP WIDTH MEASUREMENT

Vce =512 [V], VRer=5.12 [V]
XIN = 8.4M [MHz), ANALOG INPUT —~ ANO

Temp. = 26deg.
1LSB WIDTH
B0 T T T T T T T T T T T O T T Y T T T O O O T Y O T T o T e 30
/
20 %WWW\;MWWNW WA AR AR oo
s‘ sy
£ 10 10 P
FPTPVRY PYPYTVTE FYTNPUIE PAPUPRT | YO YO AWV | YPVTYTE PUPS WA PRV YL/ VPTPUIN YR Y FYRIY YO PP Lidach s PA eayem @
é 0 AR' HA NAH fvlvlv¢ rv:vannv¢u. lveu\g_f‘vnvA" AN 'A\I/ 'W“fvlvlwwwvt_rmé“‘l” HiNH O '—qé
o 3
T Absolute precision error zq
20 ===l - =Tt -F - === -+4-4-4 -uss
Y, Y CTURVEFTUUTTEL FRURVEVE ITENENY FETUUYE NNUUNL SHUTA A AN ANY sk eiscnaiboysynenlespireatnngig paangadeeanserbigaiens
0 8 18 24 a2 40 48 g%_ Ep NBO4 72 80 88 96 104 112 120 128
30 pIITI T T I T T T T T T TI AIIIIHI T T e ey 30
20 ’W\H'WH '\N\AMAN\/\ -W»\;{WVWWV\/\: \:-’\#\M,AN {20 +1L5B
< ¥ ¥ M -
E 10 10 :
@
g 4] WH RADRH A "','0“"‘ AN ?“y‘-v{ﬁm‘:m""fwy\ 'v?v,‘s\‘q'_l'vﬁnn PN :.‘.:..mz,i\f/iYE%% 0 =
e 38
£ 10 2z
20~ =-|l—- =]~ - = -7+ = = = = [ — = - - - -1L.5B
30 RV RTSSRTSS SNERETE SNCVRUSE TANNRETE FRRUNRNUSUSNNETS ANRRRSTI FURUANNE FUNURRTR ANNRTNNE FANRRTTE FRAANUNA SNURTAN] AR EURRTARNARNAT]

"M28 136 144 152 160 168 176 184 192 200 208 216 224 232 240 248 256
STEP NO.

Measured when a power source voltage is stable in the high-speed mode

Fig. 59 A-D conversion standard characteristics
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D-A conversion standard characteristics

Figure 60 shows the D-A conversion standard characteristics. The lower-side line on the graph indicates the absolute
precision error. In this case, it represents the difference between the ideal analog output value for an input code and

the measured value.

The upper-side line on the graph indicates the change width of output analog value to a one-bit change of input code.

VCG =512 [V], VREF =512 [V]
XIN=8.4M [Hz], ANALOG OUTPUT -~ DR1

M38197EAFP D-A CONVERTER STEP WIDTH MEASUREMENT

Temp. = 25deg.
1LSB WIDTH
30 M T T T T T T T T T T T T T T A T T TR T T T e e N T e e, 30
20 {1~ = A A Il 50 41158
E 10 10 ‘5‘
I 0 ””H’T;lllll Littrel :}llLLl ANEENNEN] l’“lvlll LA s e Lo e g r e v e vy o g e ga o o avan o qeennrbogp et tbonraataligergy m
& ik PR T H TR D T H T HHHH] 0 s
£ -0 A —J i3
Absolute precision error =
20~ |- ~|-"-"—q=-—-a4 -4+ -+~ — |- —-|=- =|= == — 4 — 4+ —~ 4 _-qs8B
_30 AN N AN SN N N NN AN SR AN R RN A N NN NN NN AN N SRS A R SN NN N A AN AR USRI RN RN A FNRR R NA RSN NN Ill.llll ISNENNNESNRINNN]
1] 8 16 24 32 40 48 gsTEP ng 72 80 88 96 104 112 120 128
30 UL R LA RN RN RN Y LA R E N AN N N R AR SRR AL) I.I|III' LEAR AR LA AR R RS RS R S R AN R RN R AR R AN LA NN 30
20 1L A \ . 20 +1LSB
= -
E 10 10 Q
3 0 [HFFFFFFEErHE PPt R H AR R S H 0 s
id 33
-0 sz
20 —j—- - - =9 -4+ -+ - L e |- |~ = 4 - — 4~ ] -8B
_30 Jiraaaioaperraleprpraloeaneedten ety torenqnadoaqepoelieoneroadespyarodornrngrleraatradarroarelotev ot boeasraestogazarybrroqnes

128 136 144 162 160 168 176 184 192 200 208 216 224 232 240 248 256
STEP NO.

Measured when a power source voltage is stable in the high-speed mode

Fig. 60 D-A conversion standard characteristics
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Functional description supplement

Interrupt

3819 group permits interrupts on the basis of 20 sources. It is vector interrupts with a fixed priority system. Accordingly,
when two or more interrupt requests occur during the same sampling, the higher-priority interrupt is accepted first. This
priority is determined by hardware, but variety of priority processing can be performed by software, using an interrupt
enable bit and an interrupt disable flag.
For interrupt sources, vector addresses and interrupt priority, refer to “Table 5.”

Table 5. Interrupt sources, vector addresses and interrupt priority

Vector addresses

Priority Interrupt sources Remarks
High-order|LOW-order
1 Reset (Note) FFFD16 | FFFC16 | Non-maskable
) INTo interrupt FFFB1i6 | FFFA16 | External interrupt
| (active edge selectable)
3 INT1/ZCR interrupt FFF916 | FFF816 | External interrupt
| (active edge selectable)
INT2 interrupt FFF716 | FFF616 | External interrupt
s e ___ | | (active edge selectable) _ _ _ _ _
Remote control/counter overflow | Valid when interrupt interval determination
interrupt | operates
Serial I/O 1 interrupt FFF516 | FFF416 | Valid when serial I/O ordinary mode is
O | | selected _ _ _ _ _ _ __ _ _
Serial I/O 1 automatic transfer interrupt | Valid when serial 1/0 automatic transfer
| mode is selected
6 Serial I/0O 2 interrupt FFF316 | FFF216 | Valid when serial I/O 2 is selected
7 Serial 1/0 3 interrupt FFFlie | FFFO16 | Valid when serial I/O 3 is selected
8 Timer 1 interrupt FFEF16 | FFEE16 | STP release timer underflow
9 Timer 2 interrupt FFED16 | FFEC16
10 Timer 3 interrupt FFEB16 | FFEA16
11 Timer 4 interrupt FFE916 | FFE816
12 Timer 5 interrupt FFE716 | FFE616
13 Timer 6 interrupt FFE516 , FFE416
INT3 interrupt FFE316 | FFE216 | External interrupt
14 ! (active edge selectable)
INT4 interrupt FFE116 | FFEO16 | Valid when INT4 interrupt is selected
| External interrupt
e ! | (active edge selectable) _ _ _ _ _
A-D conversion interrupt | Valid when A-D converter interrupt is selected
FLD blanking interrupt FFDF16 | FFDE16 | Valid when FLD blanking interrupt is
X I _selected  __ __ __ __ __ __ __ _ __ __
FLD digit interrupt | Valid when FLD digit interrupt is selected
17 BRK instruction interrupt FFDD16 | FEDC16 | Non-maskable software interrupt
Note : Reset functions in the same way as an interrupt with the highest priority.

MITSUBISHI
ELECTRIC

65



MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Timing after interrupt

The interrupt processing routine begins with the machine cycle following the completion of the instruction that is
currently in execution.

Figure 61 shows a timing chart after an interrupt occurs, and figure 62 shows the time up to execution of the interrupt
processing routine.

K2 T I O

SYNC [

Ro || L LT LT L

we L L] L]
Address bus PC X ssps XsispsXs2sesK BL X BH XAL, AH

Data bus X Not used XPCHXPCLX PSX AL X AH X:

SYNC : CPU operation code fetch cycle
(This is an internal signal which cannot be observed from the external unit.)
BL, BH : Vector address of each interrupt
AL, AH : Jump destination address of each interrupt
SPS : “0016” or “0116”

Fig. 61 Timing chart after an interrupt occurs

Generation of interrupt request Start of interrupt processing

v v

Waiting time for Stack push and

Main routine post-processing Vector fetch Interrupt processing routine
of pipeline
| 0 to 16* cycles ; 2 cycles ; 5 cycles :
< >

7 to 23 cycles
(At performing 8.4 MHz, 1.7 psto 5.5 ps)

* » at execution of DIV instruction

Fig. 62 Time up to execution of the interrupt processing routine
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A-D converter

A-D conversion is started by setting A-D conversion completion bit to “0”. During A-D conversion, internal operations

are performed as follows.

1. After the start of A-D conversion, A-D conversion register goes to “0016.”

2. The highest-order bit of A-D conversion register is set to “1”, and the comparison voltage Vref is input to the
comparator. Then, Vref is compared with analog input voltage VIN.

3. As a result of comparison, when Vref < VIN, the highest-order bit of A-D conversion register becomes “1.” When
Vref > VIN, the highest-order bit becomes “0.”

By repeating the above operations up to the lowest-order bit of the A-D conversion register, an analog value converts

into a digital value.

A-D conversion completes at 50 clock cycles (11.9 us at f(XIN) = 8.4 MHz) after it is started, and the result of the

conversion is stored into the A-D conversion register.

Concurrently with the completion of A-D conversion, A-D conversion interrupt request occurs, so that the A-D

conversion interrupt request bit is set to “1”.

Relative formula for a reference voltage V. ReF of A-D converter and Vref

Whenn=0 Vref=0

When n = 1 to 255 Vref = \;RTZF 0 (n-0.5)

n : the value of A-D converter (decimal numeral)

Table 6. Change of A-D conversion register during A-D conversion

Change of A-D conversion register Value of comparison voltage (Vref)
At start of conversion lojlololojofofo]o] 0
VREF VREF
First comparison ‘1‘0‘0‘0‘0‘0‘0‘0‘ 2 - 512
VREF VREF VREF
Second comparison ‘*1‘1‘0‘0‘0‘0‘0‘0‘ 2 * 4 T 512
VREF VREF VREF VREF
Third comparison ‘*1‘*2‘1‘0‘0‘0‘0‘0‘ 2 = 4 * 8 - 512
After completion of eighth A result of A-D conversion
comparison \ *1 \ *2 \ *3 \ *4 \ *5 \ *6 \ *7 \ *8 \
*1 : A result of the first comparison *2 : A result of the second comparison
*3 : A result of the third comparison *4 : A result of the fourth comparison
*5 : A result of the fifth comparison *6 : A result of the sixth comparison
*7 . A result of the seventh comparison *8 : A result of the eighth comparison
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Figures 63 shows A-D conversion equivalent circuit, and figure 64 shows A-D conversion timing chart.

Vcc Vss Vcc AVss
about 2 kQ CP CP VIN QCP
O A A A Sampling | :
AN1 clock i
ANz O—ANN, :
AN3 O—/\/\/\/ Chopper amplifier
ANs O—ANN,
ANs O—ANN, !
aNs O—AN, LT[
AN7 O—/\/\/\Fﬂ/o—~ A-D conversion register
3[b2[bi]o0)]
A-D control register A-D conversion interrupt request
VREF () w%
Build-in Reference
D-A converter clock

AVsSs

Fig. 63 A-D conversion equivalent circuit

Write signal for AD/DA control register
50 cycles

A-D conversion completion flag

Sampling clock | """" 1 ......

Fig. 64 A-D conversion timing chart
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3819 Group
2. APPLICATION 2.1 1/O port

2.1 1/0 Port

2.1.1 Related registers

Port Pi
b7 b6 b5 b4 b3 b2 bl b0

Port Pi(Pi)(i=0,1,2,3,4,5,6,7,8,9, A, B)
[Address:00 16, 0216, 0416, 0616, 0816, 0A16, 0C16, OE16, 1016, 1216, 1416, 1616]

I I I I I I I I

i i i i i i i i B Name Function Atreset | R |W

i i i i i i i L {0 | Port Pio « In output mode 0 9]0
| Write}

C b [ ]ortpis Read J Portlatch o |ofo

I - « In input mode

A T T R S 2 | Port Piz Write : Port latch 0 |O|O

N Y N B Read : Value of pins

T T T 3 | Port Pis (Note) 0 |olo

| | | |

| | | |

Dol L 4 |Port Pia 0o |olo

| | |

| | |

} } L] 5 | Port Pis 0 olo

| |

i L ,,,,,,,,,,,,,,, 6 | Port Pis o |olo

|

L 7 | Port Pi7 0 |ofo

Note : Port PB register [Address:16 16]
Port PB is a four-bit port (PB o to PB3). Accordingly, when bits 4 to 7 are
read out, the contents are “0.”

Fig. 2.1.1 Structure of Port Pi (i=0, 1, 2, 3, 4,5,6,7, 8,9, A, B)

Port P2 direction register
b7 b6 b5 b4 b3 b2 bl b0

Port P2 direction register (P2D) [Address:0516]

I I I I

i i i i i i i i B Name | Function Atreset | R [W

o —1.0 |Because P20 to P23 are output ports, these bits do not have a 1 1010

I+ 1 1 1 1 =———|1 [|direction register function and nothing is allocated. 1 |O|O

| | | | | | = |

[ T T T B bttt [ 2 | 1 ol|o

b b 3 G

o Ll 4 | Port P2 direction register 0 : Port P24input mode 0 |olo

b 1: Port P24 output mode

A T 5 0 : Port P2sinput mode o lolo

Lo [ | 1 : Port P25 output mode

oL 6 0 : Port P2sinput mode 0 |olo

\ | 1 : Port P26 output mode

L 77777777777777777 7 0 : Port P27input mode o |lolo
1: Port P27 output mode

Fig. 2.1.2 Structure of Port P2 direction register
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2.1 1/0O port

Port Pi direction register
b7 b6 b5 b4 b3 b2 bl b0

Port Pi direction register (PiD) (i=4,5, 6, 7, 8, A, B)

[Address:09 16, 0B16, OD16, OF16, 1116, 1516, 1716]

r

|

|

|

|

|

|

|

|
\Jlmlmlhlwl |\>||—\|ow

: Port Pi7 output mode

Name Function Atreset| R |W

Port Pi direction register 0 : Port Pioinput mode 0 |olo
1: Port Piooutput mode  (Note)
0 : Port Pi1input mode 0 |olo
1: Port Pi1output mode
0 : Port Pi2input mode 0 |olo
1: Port Pi2 output mode
0 : Port Pizinput mode o |olo
1: Port Piz output mode
0 : Port Piainput mode 0 |olo
1 : Port Pis output mode
0 : Port Pis input mode 0 |olo
1: Port Pis output mode  (Note)
0 : Port Pisinput mode 0o |olo
1: Port Pis output mode
0 : Port Pi7input mode 0o |olo
1

Note : Port P4 direction register [Address:09 16]
Ports P40 and P4s are input ports. Accordingly, these bits do not have a
direction register function.

Fig. 2.1.3 Structure of Port Pi direction register (i =4, 5, 6, 7, 8, A, B)

2.1.2 Handling of unused pins

Table 2.1.1 Handling of unused pins

Name of Pins/Ports

Handling

PO, P1, P20-P23, P3, P9

Open

P24-P27, P41-P4a, P46, P47, P5, P6,
P7, P8, PA, PB

« Set to the input mode and connect to Vcc or VSs through each resistor.

« Set to the output mode and open at “L" or “H.”

P40 Connect to Vss(GND) through the resistor.
P45 Connect to Vcc through the resistor.

VEE, AVss Connect to VSS(GND).

VREF Connect to Vss(GND) through the resistor.
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2.2 Timer
2.2.1 Related registers
Timer i
b7 b6 b5 b4 b3 b2 bl b0
Timer i (Ti) (i= 1, 3, 4, 5, 6)
— 11111 1 [Address:20 16, 2216, 2316, 2416, 2516]
i i i i i i i i B Function Atreset | R |W
L L1 11 1 L]0 |+ The countvalue of the Timer i is set. 1 |ofo
Loror ot | |+ The value set in this register is written to both the Timer i and
R T 1| the Timerilatch at the same time. 1 lolo
oo b ¢ When the Timer i is read out, the value (count value) of the
i i i i i L 777777 5 Timer i is read out. 1 lolo
| | | | | —
i i i i L 3 1 |o|o
| | | | —i
R 4 1 |ofo
| | |
| | | 1
b 5 1 |0O|O
| |
| | |
e —— 6 1 |O|O
| —
b 7 1 |ofo
Fig. 2.2.1 Structure of Timeri (i=1, 3, 4, 5, 6)
Timer 2
b7 b6 b5 b4 b3 b2 bl b0
A1 L1 1 11 | Timer2(T2) [Address:21ie]
i i i i i i i i B Function Atreset | R |W
b1 111 L]0 [« The count value of the Timer 2 is set. 1 |Oo|O
. | |+ The value set in this register is written to both the Timer 2 and
I B 1| the Timer 2 latch at the same time. o lolo
A » When the Timer 2 is read out, the value (count value) of the
i i i i i L 777777 5 Timer 2 is read out. o lolo
| | | | | —
o ] 3 0 |o]o
| | | |
| | | | —i
T R 4 0 |o]|o
| | |
| | | 1
R 5 0 |O]O
| |
| | |
e —— 6 0 |Of]O
| —
b 7 0 |o]o

Fig. 2.2.2 Structure of Timer 2
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Timer 6 PWM register
b7 b6 b5 b4 b3 b2 bl b0
S S N E N . S Timer 6 PWM register (T6PWM) [Address:2716]
i i i i i i i i B Function Atreset| R |W
0011 1 L]0 e InTimer 6 PWM mode ? |0o]o
o | | Set the width of "L" of the PWM rectangular waveform.
I & 1 1 1 1 1 __ |1 Dutyofthe PWM rectangular waveform : n/(n + m) 2 |lolo
T T B Cycle: (n+m) Ots ’
o ? n = a set value of the Timer 6 > lolo
[ m = a set value of the Timer 6 PWM register
oo — \ts = a cycle of the Timer 6 count source
I et 3 |+ Selection of the Timer 6 PWM mode ? [O]©O
N || Set the Timer 6 operation mode selection bit of the Timer 56
T 4 mode register (Address : 2A16) to "1". ? |olo
| | |
| | | 1
R 5 ? |O|O
| |
i L ,,,,,,,,,,,,,,, 6 ? |O|O
| —
b 7 2 |olo
Fig. 2.2.3 Structure of Timer 6 PWM register
Timer 12 mode register
b7 b6 b5 b4 b3 b2 bl b0
. - 1 Timer 12 mode register (T12M) [Address:281s]
i i i i i i i i B Name Function Atreset| R |W
CL bbb L 10 |Timer 1 count stop bit 0 : Operating o |[o]o
i = Soppec
ol R Timer 2 count stop bit 0 : Operating 0 |o|oO
. 1 : Stopped
R L] 2 | Timer 1 count source 0 : f(Xin)/16 or f(XciN)/16 0 |O]|O
I selection bit 1 : f(Xcin)
R 3 | Nothing is allocated for this bit. It is a write disabled bit. o |olo
A When this bit is read out, the value is "0. "
TR T 4 [Timer 2 count source "00 : Timer 1 underflow 0 [O]O
Lo || selection bits 01 : f(Xcm)
R 5 10 : External count input CNTR o 0 |olo
Lo 11 : Not available
| |
R S 6 | Timer 1 output selection bit 0:1/O port o |olo
| (P4s) 1: Timer 1 output
Lo 7 | Nothing is allocated for this bit. It is a write disabled bit. 0 |O|O
When this bit is read out, the value is "0. "

Fig. 2.2.4 Structure of Timer 12 mode register
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Timer 34 mode reqister
b7 b6 b5 b4 b3 b2 bl b0
i - . i - . Timer 34 mode register (T34M) [Address:29:6]
i i i i i i i i B Name Function At reset w
o r o o [Timer 3 count stop bit 0 : Operating 0 o)
] e
Cor o r b [1 [ Timer 4 count stop bit 0 : Operating 0 o
R i 1 : Stopped
ol ] 2 | Timer 3 count source 0 : f(Xin)/16 or f(Xcin)/16 0 O
R selection bit 1 : Timer 2 underflow
R R 3 | Nothing is allocated for this bit. It is a write disabled bit. 0 0
} } } } When this bit is read out, the value is "0. "
. b5 b4
T T S 4 | Timer 4 count source 00 : f(XN)/16 or f(XciN)/16 0 o
Co selection bits 01 : Timer 3 underflow
R 5 10 : External count input CNTR 1 0 e)
o 11 : Not available
} o 6 | Timer 3 output selection bit 0 : /O port 0 @)
| (P47) 1: Timer 3 output
Lo 7 | Nothing is allocated for this bit. It is a write disabled bit. 0 0
When this bit is read out, the value is "0. "
Fig. 2.2.5 Structure of Timer 34 mode register

Timer 56 mode reqister

b7 b6 b5 b4 b3 b2 bl b0

9 A1 1111 Timer 56 mode register (T56M) [Address:2A1s]
i i i i i i i i B Name Function At reset W
1 1 11 1 Lo |Timer5 count stop bit 0 : Operating 0 o}
o e
0o or b |1 [ Timer 6 count stop bit 0 : Operating 0 0
IR N 1 : Stopped
T L ,,,,,, 2 | Timer 5 count source 0 : f(Xin)/16 or f(Xcin)/16 0 O
R selection bit 1 : Timer 4 underflow
Lo L 3 | Timer 6 operation mode 0 : Timer mode 0 ©)
Lo selection bit 1: PWM mode

. b5 b4

T T S 4 | Timer 6 count source 00 : f(XIN)/16 or f(XciN)/16 0 o
Co selection bits 01 : Timer 5 underflow
R 5 10 : Timer 4 underflow 0 O
o 11 : Not available
R 6 | Timer 6 (PWM) 0: 1/O port 0 o)
| output selection bit (P61) 1: Timer 6 output
e 7 | Fix this bit to "0." 0 o

Fig. 2.2.6 Structure of Timer 56 mode register
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Interrupt request reqister 1
b7 b6 b5 b4 b3 b2 bl b0
S SN S N Interrupt request register 1 (IREQ1) [Address:3C1¢]
i i i i i i i i B Name Function Atreset| R |W
1! | L]0 [INTointerrupt request bit 0 : No interrupt request 0 |oflo
[ 1 : Interrupt request
| | | | | | | B
I 1 1 1 1 1 L ___|1|INTY/ZCR interrupt request bit |0 : No interrupt request 0 |O|O
T T B 1 : Interrupt request
IR } 2 | INT2 interrupt request bit 0 : No interrupt request 0 ol
R T S — - Remote control/counter 1 : Interrupt request
o overflow interrupt request bit
ol 3 | Serial I1/0 1 interrupt request |0 : No interrupt request o |olo
} } } } o bit 1 : Interrupt request
I * Serial /0 automatic transfer
i i i i interrupt request bit
[ 4 |Serial I/0 2 interrupt request |0 : No interrupt request 0 |of|o
Lol bit 1 : Interrupt request
R 5 | Serial I/0 3 interrupt request |0 : No interrupt request o |olo
b bit 1 : Interrupt request
oL 6 | Timer 1 interrupt request bit |0 : No interrupt request 0 |ol|o
| 1 : Interrupt request
L 7 | Timer 2 interrupt request bit |0 : No interrupt request o |lolo
1 : Interrupt request
O "0"is set by software, but not "1."
Fig. 2.2.7 Structure of Interrupt request register 1
Interrupt request reqister 2
b7 b6 b5 b4 b3 b2 bl b0
A1 1111 Interrupt request reigster 2 (IREQ2) [Address:3D1e]
i i i i i i i i b Name Function Atreset| R
L L1111 Lo |Timer 3interrupt request bit [0 : No interrupt request 0 |o]|O
[ 1 : Interrupt request
| | | | | | | N
©0 bbb 11| Timer 4 interrupt request bit |0 : No interrupt request 0 |o|o
A 1 : Interrupt request
B 2 [Timer 5 interrupt request bit |0 : No interrupt request o |olo
oo 1 : Interrupt request
Lo L] 3 | Timer 6 interrupt request bit O : No interrupt request o |lolo
o 1 : Interrupt request
A 4 | INTz interrupt request bit 0 : No interrupt request 0 |o|O
. 1 : Interrupt request
Lol 5 |- INT4 interrupt request bit 0 : No interrupt request 0 |O|O
[ ity - A-D conversion interrupt 1 : Interrupt request
o request bit
o 6 |+ FLD blanking interrupt 0 : No interrupt request 0 ol|O
e e request bit 1 : Interrupt request
| * FLD digit interrupt request bit
e 7 | Nothing is allocated for this bit. This is a write disabled bit. 0 |olo
When this bit is read out, the value is "0."
O "0"is set by software, but not "1."
Fig. 2.2.8 Structure of Interrupt request register 2
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Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl bo
S N NN S N S - Interrupt control register 1 (ICON1) [Address:3E1s]
| .
i i i i i ; i i b Name Function Atreset| R [W
001 Lo [INTointerrupt enable bit (131 :nterrupt disaé)lle((jj 0 |o|o
: Interrupt enable
I - —— P
© 1 1 1 1 [1|INTY/ZCR interrupt enable bit |0 : Interrupt disabled 0 |o]o
T T B 1 : Interrupt enabled
} } } } } } 2 |+ INT2z interrupt enable bit 0 : Interrupt disabled 0 (o] o)
A R + Remote control/counter 1 : Interrupt enabled
T overflow interrupt enable bit
ol 3 |- Serial /0O 1 interrupt enable |0 : Interrupt disabled 0 ol|lo
T bit 1 : Interrupt enabled
Fo * Serial /0 automatic transfer
bl interrupt enable bit
| | | | 5
N 4 | Serial I/O 2 interrupt enable |0 : Interrupt disabled 0 |Oo|o
Lol bit 1 : Interrupt enabled
A 5 | Serial I/O 3 interrupt enable 0 : Interrupt disabled o |lolo
Lo bit 1 : Interrupt enabled
o 6 | Timer 1 interrupt enable bit 0 : Interrupt disabled o |olo
| 1: Interrupt enabled
L 7 | Timer 2 interrupt enable bit 0 : Interrupt disabled 0o |olo
1 : Interrupt enabled
Fig. 2.2.9 Structure of Interrupt control register 1
Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0
0 Interrupt control reigster 2 (ICON2) [Address:3F16]
I I I I I I I I
i i i i i i i i b Name Function Atreset| R |W
L0111 11 Lo [Timer 3interrupt enable bit 2 : :nterrupt disatt)alleg 0 |ofo
} } } } } } } . Interrupt eha e
L0 bb b L__ |1 |Timer 4 interrupt enable bit (; : :nterrupt dlsaglleg 0 |olo
T R . Interrupt enable
i i i i i L] 2 | Timer 5 interrupt enable bit 0 : Interrupt disatt))lleccji o |olo
1: Interrupt enable
| | | | |
ol Lo 3 | Timer 6 interrupt enable bit 0 : Interrupt disabled o |olo
A 1: Interrupt enabled
R 4 |INTs interrupt enable bit 0: Interrupt disabled 0 [o]|o
. 1 : Interrupt enabled
Lol 5 |+ INT4 interrupt enable bit 0 : Interrupt disabled 0 |O|O
N Ty + A-D conversion interrupt 1 : Interrupt enabled
b enable bit
o 6 |* FLD blanking interrupt 0 : Interrupt disabled 0 |Oo]O
Do enable bit 1 : Interrupt enabled
| * FLD digit interrupt enable bit
[ 7 | Fix this bit to "0." 0 |o|o

Fig. 2.2.10 Structure of Interrupt control register 2
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2.2.2 Timer application examples
(1) Basic functions and uses

[Function1 ] Control of Eventinterval (Timers 1 to 6)
The Timer count stop bit is set to “0” after setting a count value to a timer. Then a timer interrupt request
occurs after a certain period.

[Use ] ¢ Generation of an output signal timing
 Generation of a waiting time

[ Function 2 ] Control of Cyclic operation : Generation of synchronous timing (Timers 1 to 6)
The value of a timer latch is automatically written to a timer each time a timer underflows, and a timer
interrupt request occurs.

[Use ] ¢ Generation of cyclic interrupts
* Clock function (measurement of one second) - Application example 1
« Control of a main routine cycle

[ Function 3 ] Output of Rectangular waveform (Timers 1 and 3)
The output level of the TouT pin is inverted every time a timer underflows. To output long-interval rectangular
waveforms (when division of 8 bits or more is necessary), the Timers 2 and 3 are connected .

[Use ] ¢ A piezoelectric buzzer output — Application example 2
» Generation of the remote-control carrier waveforms
[ Function 4] Count of External pulse (Timers 2 and 4)
External pulses input to the CNTR pin are selected as a timer count source.
[Use ] * Measurement of frequency (judging if the Video synchronization signal exits) — Application example 3

« Division of external pulses and generation of interrupts in a cycle based on an external pulse.
(count of a reel pulse)

[ Function 5 ] Output of PWM signal (Timer 6)
The pulses with each specified intervals of “H” and “L” are output.

[Use ] ¢ Control of an electronic volume (connected with VCA)
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(2) Timer application example 1: Clock function (measurement of one second)
Outline : The input clock is divided by a timer so that the clock counts up every second.
Specifications : e The clock f(XIN) = 4.19 MHz (222) is divided by a timer.

« The Timer 3 interrupt request bit is checked in the main routine, and the clock is counted
up when an interrupt request occurs.

« Another interrupt processing is executed in a parallel, so a timer interrupt occurs every
244 ps.

Figure 2.2.11 shows a connection of timers and a setting of division ratios, Figures 2.2.12 and 2.2.13 show a setting
of related registers, and Figure 2.2.14 shows a control procedure.

Fixed Timer 1 Timer 2 Timer 3 Timer 3 interrupt request bit
f(XiN) = > 1/16 > 1/64 > 1/256 > 1/16 > Oorl
4.19 MHz
1 second

Oorl | 244us

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

Fig. 2.2.11 Connection of timers and setting of division ratios [Clock function]

Timer 12 mode register (Address:28 16)

T12M .0 0 0.0 01
_

Timer 1 count : Stopped
Set to "0" at starting to count

Timer 2 count : Operating

Timer 1 count source : f(Xn)/16

> Timer 2 count source : Timer 1 underflow

> Timer 1 output selection : 1/0 port

Timer 34 mode register (Address:29 16)

T34M . 0 . 1 0
\—> Timer 3 count : Operating

Timer 3 count source : Timer 2 underflow

> Timer 3 output selection : 1/0O port

Fig. 2.2.12 Setting of related registers (1) [Clock function]
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T1

T2

T3

ICON1

ICON2

IREQ1

IREQ2

Timer 1 (Address:201s)

63

Timer 2 (Address:2116)

255

Timer 3 (Address:2216)

15

Interrupt control register 1

0

1

Set "division ratio — 1"

(Address:3Ez1s)

> Timer 1 interrupt : Enabled

> Timer 2 interrupt : Disabled

Interrupt control register 2 (Address:3F1is)

0

0

\—> Timer 3 interrupt : Disabled

Interrupt request register 1 (Address:3Czs)

> Timer 1 interrupt request

> Timer 2 interrupt request

Interrupt request register 2 (Address:3D1s)

L’ Timer 3 interrupt request

(becomes "1" every second)

Fig. 2.2.13 Setting of related registers (2) [Clock function]
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Control procedure :
Figure 2.2.14 shows a control procedure.

( RESET )

Initialization
SEI

T12M (Address:281s) <— 000000012
T34M (Address:2916) <«— 000001002
ICON1 (Address:3Ezis), bit6 «<— 1
ICON2 (Address:3F16), bit0 «<—0

fl (Address:2016) «—64 -1
T2 (Address:2116) «— 256 -1
T3 (Address:2216) «—16-1
T12M (Address:281s), bit0 <— 0

CLI

N
>

IREQ2 (Address:3D 1), bit0?

IREQ2 (Address:3D 16), bit0 «—0

Count up clock
Second-Year

A

Main processing

[Processing for completion of setting clock]

(Note)
T2 (Address:211s) <« 256-1
T3 (Address:2216) <« 16-1

IREQ2 (Address:3D1s), bit0 «— 0

Note : This processing is performed only
at completing to set the clock.

- All interrupts : Disabled

- Connect the Timers 1 to 3.

- Timer 1 interrupt : Enabled

. Set “division ratio — 1" to each timer.

- Start the timer counting.

- Interrupts : Enabled

- Check if the clock has already been set.

- Check a lapse of 1 second.

- Set the Timer 3 interrupt request bit to

“0". (When an interrupt is not used, set
to “0” by software.)

+ Count up the clock.

- Specify so that all processing within the

loop marked O is repeated in a cycle of
1 second or less in the main processing.

- When restarting the clock from zero

second after completing to set the clock,
reset timers.

Reset the Timers 2 and 3 in this order.
However, the Timer 1 should not be
reset since it is used to generate an
interrupt every 244 us.

Fig. 2.2.14 Control procedure [Clock function]
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(3) Timer application example 2: Piezoelectric buzzer output
Outline : The rectangular waveform output function of a timer is applied for a piezoelectric buzzer output.

Specifications : « The rectangular waveform, 2 kHz (2048 Hz) which is divided clock f(XIN) = 4.19 MHz is output
from the T3ouT pin.
« The level of the T3ouT pin fixes to “H” while a piezoelectric buzzer output is stopped.

Figure 2.2.15 shows an example of a peripheral circuit, and Figure 2.2.16 shows a connection of the timer and setting
of the division ratio.

The "H" level is output while a piezoelectric buzzer output is stopped.

—
_|-|-|-|-|-|-|-|-|-|-|-””|-||-||-||-| ”””””””””””” 3819 group

T3out
PiPiPi....

. =gV

244 ps 244 ps

Set a division ratio so that the underflow output cycle of the Timer 3 becomes this value.

Fig. 2.2.15 Example of a peripheral circuit

Fixed Timer 3 Fixed

f(Xin) =
4.19 MHz

Y

Y

1/16 1/64 > 1/2 —> T3our

Fig. 2.2.16 Connection of the timer and setting of the division ratio [Piezoelectric buzzer output]
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Timer 34 mode register (Address:291s)

T34M . 1 . 0 0
|—> Timer 3 count : Operating

Timer 3 count source : f(Xn)/16

> Timer 3 output selection :
Set to “1” during outputting a piezoelectric buzzer.
{Set to “0” during stopping outputting of a piezoelectric
buzzer.

Timer 3 (Address:22 16)

T3 63 Set "division ratio — 1"

Fig. 2.2.17 Setting of related registers [Piezoelectric buzzer output]

Control procedure :
Figure 2.2.18 shows a control procedure.

( RESET )
Initialization
P4 (Address:0816), bit7 <«— 1 . Set the . . . .
: ! port condition during stopping outputting
PAD  (Address:091e), bit7 <— 1 a piezoelectric buzzer ( “H” level output ).
ICON2 (Address:3F 16), bit7, bit0 <— o - Timer 3 interrupts : Disabled
T34M (Address:291)  <— 010000002 The T3ourt output is stopped at this point (stop
TES (Address:2216) < 64-1 outputting a piezoelectric buzzer ).

 The piezoelectric buzzer request occured in the
main processing is processed in the output unit.

Output unit

A piezoelectric buzzer
is requested?

Y

T34M (Address:291s), bit6 «<— 0 T34M (Address:291s), bitb «— 1

During outputting a piezoelectric buzzer (T3 our)

v
<

During stopping outputting a piezoelectric buzzer (P4 7)

Fig. 2.2.18 Control procedure [Piezoelectric buzzer output]
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(4) Timer application example 3 : Measurement of frequency
(judging if Video synchronization signal exists)

Outline : The pulses input to the External count input pin (CNTR) are counted by a timer to judge if the
frequency is within a certain range.

Specifications : ¢ The Video synchronization signal is input to the CNTR1 pin and counted by the Timer 4.
« A count value is read out at the interval of about 2 ms (Timer 1 interrupt interval : 244 us O
8). When the count value is 28 to 40, it is regarded as the existence of the Video synchro-
nization signal. .
» Because the timer is a down-counter, the count value is compared with 227 to 215.
%227 to 215 = 255 (initialized value of counter) — 28 to 40 (the number of valid value).

Figure 2.2.19 shows a method for judging if Video synchronization signal exists, and Figure 2.2.20 shows a setting
of related registers.

Video synchronization signal M =31 counts
63.5 us

i: 63.5 s ;i
I (15.7 kHz) I

Fig 2.2.19 A method for judging if Video synchronization signal exists
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T34M

T1

T4

ICON1

ICON2

IREQ2

Timer 12 mode register (Address:2816)

T12M . 0

HE

1

‘—> Timer 1 count : Stopped

Set to “0” at starting to count.

Timer 1 count source : f(Xin)/16

Timer 34 mode register (Address:2916)

> Timer 1 output selection : 1/O port
(Not to be used timer 1 output)

° [
_

0

Timer 1 (Address:2016)

\—> Timer 4 count : Operating

> Timer 4 count source : External count input from CNTRuz pin.

63

Set "division ratio — 1"

Timer 4 (Address:2316)

255

Set “255” to this register immediately before
count- ing pulse.

Interrupt control register 1 (Address:3Ez1s)

(After a certain time, this value is decreased by
the number of input pulses)

1

Interrupt control register 2 (Address:3F1s)

> Timer 1 interrupt : Enabled

0

0

Interrupt request register 2 (Address:3D1s)

|—> Timer 4 interrupt : Disabled

0
|—> Judgment of Timer 4 interrupt request bit

(When this bit is set to “1” at reading out the
count value of the timer 4 (address:231s), 256
pulses or more are input (at setting 255 to the
Timer 4).)

Fig. 2.2.20 Setting of related registers [Measurement of frequency]
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Control procedure :
Figure 2.2.21 shows a control procedure.

( RESET )

Initialization

SEI

T12M (Address:2816) <«— 000000012
T34M (Address:2916) <— 001000002
ICON1 (Address:3E1s), bit6 «<— 1
ICON2 (Address:3F1e), bit7 «<— 0

T1 (Address:201s) <«—64-1
T12M (Address:2816), bit0 «— 0

CLI

v

I~
~

( Timer 1 interrupt processing routine )
1/8

IREQ2 (Address:3D 1s), bitl?

(A) «<— T4 (Address:231s)

- All interrupts : Disabled

- Select the input pulse from the CNTR 1

pin as the Timer 4 count source.
Timer 1 interrupt : Enabled

- Set the division ratio so that the Timer

1 interrupt occurs every 244 pus.

- Start a timer counting.

- Interrupts : Enabled

- Set so that the processing Synchro-

nizing signal judgment is performed
every time eight Timer 1 interrupts
occur.

- When the count value is 256 or more,

the processing is performed as out of
range.

* Read the count value.
+ Store the count value in the accumu-

lator (A).
In range
214 < (A) < 2287 _
- Compare the count value read with the
reference value.
> Out of range - Store the comparison result in flag FSync.
FSync «<—0 FSync «<—1

T4 (Address:2316) <« 256-1
IREQ2 (Address:3Duis), bitl «— 0

Processing for a result of judgment

Y

( RTI )

- Initialize the count value.
- Set the Timer 4 interrupt request bit to

“0”.

Fig. 2.2.21 Control procedure [Measurement of frequency]
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2.3 Serial 1/0

2.3.1 Related registers

Serial 1/0 automatic transfer data pointer
b7 b6 b5 b4 b3 b2 bl b0

Serial I/O automatic transfer data pointer (SIODP) [Address:1816]

I I I I I
R i EEE Function At reset | R [W
| | | | | | |
} } } } } } } I 10 |Indicate an address of Serial I/O automatic transfer RAM. ? olo
| | | | | | |
EERE R
[ I ||
RERE p— AEE
| | | | | —
R 3 2 |olo
| | | |
| | | | —
R 4 ? |o|o
B
T |5 | Nothing is allocated for these bits. These are write disabled bits. 0 _[O]0
| —TTTTT T 6_ When these bits are read out, the values are "0." 0 (o] N
b 7 EE

Fig. 2.3.1 Structure of Serial 1/O automatic transfer data pointer

Serial 1/0 1 control register
b7 b6 b5 b4 b3 b2 bl b0

Serial 1/0 1 control register (SIO1CON) [Address:1916]

I I I I I I I I
i i i i i i i i B Name Function Atreset | R |W
[ b2 b1b0
C LD L0 internal synchronous clock 1 goq” iy or f(xcny/e 0 |9]©
I — 001 : f(Xin)/16 or f(Xcin)/16
R 010 : f(Xin)/32 or f(Xcm)/32 0 [o]o
T | || 011 : f(Xin)/64 or f(Xcin)/64
[ T A R 2 110 : f(Xin)/128 or f(Xcin)/128 0 |O]O
I 111 : f(Xin)/256 or f(Xcin)/256
T 3 | Serial I/0 1 port selection bit |0 : /O port o _ o |olo
Lo (P6s,P66,P670) 1 : Sourti, Sciki1, Scikizsignal pins
A T I 4 |'Srov1 output selection bit 0:l/Oport 0 [o]o
} } } (P67) 1: Srov1/CS signal pin (Note)
R 5 | Transfer direction selection 0 : LSB first 0 |olo
o bit 1: MSB first
N 6 | Synchronous clock selection |0 : External clock o |olo
| bit 1 : Internal clock
} 7 | P6s/Sout1 P-channel output 0 : CMOS output (in output mode) 0 |O]O
s disable bit 1 : N-channel open-drain output

(in output mode)

0 Valid only in the Serial /O automatic transfer mode

Note : When an external clock is selected in the serial I/O 1 automatic transfer
mode, the Srovz signal pin is used as the CS signal input pin.

Fig. 2.3.2 Structure of Serial I/O 1 control register
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Serial /0 automatic transfer control reqgister

b7 b6 b5 b4 b3 b2 bl bo

Serial /0 automatic transfer control register (SIOAC) [Address:1A1s]

I I I I
i i i } i i i i B Name Function Atreset| R |[W
|
} } } } } } } } 0 |Automatic transfer control bit |0 : Serial /O ordinary mode 0 O|0O
Lor (serial 1/0O 1 interrupt)
T T R 1 : Automatic transfer mode
A N (serial I/O automatic transfer
. | | } | interrupt)
} } } } } } } 1 | Automatic transfer start bit 0 : Transfer completion 0 O|0O
A 1 : Transferring
Lo | | | (starts by writing “1”)
A 2 | Transfer mode switch bit 0 : Fullduplex (transmit / receive) 0 |[o]o
[ mode
} } } } } 1 : Transmit-only mode
| | | | |
Lo | ] 3 | Synchronous clock output 0 : Sciki1 0 |O]O
[ T T pin selection bit 1 : ScLki2
T ittt | 4 | Nothing is allocated for these bits. These are write disabled bits. 0 |ofO0
b ke | 5 | When these bits are read out, the values are "0." 0 _[o]O0
bbb [ 6 | 0 _|ofd
b 7 0 [o]D
Fig. 2.3.3 Structure of Serial 1/0 automatic transfer control register
Serial /O 1 reqister
b7 b6 b5 b4 b3 b2 bl b0
B N N N S - Serial I/O 1 register (SIO1) [Address:1Bis]
i i i i i i i i B Function Atreset | R |W
b b1 L]0 | Ashift register for serial transmission and reception. ? |olo
e || Attransmitting : Set a transmission data.
. At receiving : Store a reception data. 2 lolo
[ I |
BRI R S EE
| | | | | _—
i i i i L] 3 ? |olo
| | | | f—
R 4 ? |o]|o
| | |
| | | —
i i L 5 ? |0O|O
| | |
o 6 ? Oo|O
| _—
Lo 7 2 |o]o

Fig. 2.3.4 Structure of Serial I/O 1 register
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Serial I/0 automatic transfer interval register

b7 b6 b5 b4 b3 b2 bl b0

Serial I/O automatic transfer interval register (SIOAI) [Address:1C1e]

I I I I I
i i i i i i i i B Function Atreset| R |W
Lo Lo |Ti=(m+2)0Te 0 |olo
ol | {Ti = a length of transfer interval
[ N T A B A n = a setting value o lolo
T T B Tc = a length of a bit of transfer clock
BRI R - MEE
| | | | | —
i i i i IR 3 0 |ofo
| | | | —i
R 4 0 |ofo
| | |
| | |
e | 5 | Nothing is allocated for these bits. These are write disabled bits. 0 |of0
| T | 6 | When these bits are read out, the values are "0." 0 _|ofd
e L Ll 7 o [o]D
Fig. 2.3.5 Structure of Serial /0 automatic transfer interval register
Serial I/0 2 control register
b7 b6 b5 b4 b3 b2 bl b0
Serial 1/0 2 control register (SIO2CON) [Address:1D16]
I I I I I I I I
i i i i i i i i B Name Function Atreset| R |W
Lo b0 |Internal synchronous clock b2 b1b0 o |olo
T R selection bits 000 : (Xn)/8 or f(Xci)/8
I — 001 : f(XiN)/16 or f(Xcin)/16
R 010 : f(XN)/32 or f(Xc)/32 0 |ofo
T | _— 011 : f(Xin)/64 or f(Xcin)/64
[ N N N 2 110 : f(Xin)/128 or f(Xcin)/128 0 |O|O
I 111 : f(Xin)/256 or f(Xcin)/256
Lo L] 3 | Serial I/0 2 port selection bit |0 : /O port o |olo
o (P51,P52) 1: Sourz, Scik2 signal pins
A T I 4 | Srov2 output selection bit 0: I/O port 0 |o|o
} } } (P53) 1 : Srovz signal pin
L] 5 | Transfer direction selection bit |0 : LSB first o |olo
I 1: MSB first
} L 777777777777777 6 | Synchronous clock selection |0 : External clock o |olo
| bit 1 : Internal clock
} 7 | P51/Sout2 P-channel output 0 : CMOS output (in output mode) 0 |O]O
””””””””” disable bit 1: N-channel open-drain output
(in output mode)

Fig. 2.3.6 Structure of Serial I/0O 2 control register
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Serial 1/0 3 control reqgister

b7 b6 b5 b4 b3 b2 bl b0

Serial I/0O 3 control register (SIO3CON) [Address:1Ez1e]

I I I I I I I I
| | | | | | | |
B Name Function Atreset) R |W
| | | | | | | | b2 b1b0
e fs”etleerc'lﬁlr%?tcshm”ous clock 1000 - f(xm)/8 or f(xcn)/8 0 ©
R | } — 001 : f(Xin)/16 or f(Xcin)/16
R e 010 : f(X)/32 or f(Xcin)/32 0 o
A [ 011 : f(X)/64 or f(XciN)/64
A Lo 2 110 : f(Xin)/128 or f(Xcin)/128 0 O
R 111 : f(Xin)/256 or f(Xcin)/256
I T A 3 | Serial I/O 3 port selection bit |0 : I/O port 0 O
B (P5s,P56) 1 : Souts, Sciks signal pins
T 4 | Srovs output selection bit 0: /O port 0 o
} } } (P57) 1 : Srovs signal pin
T 5 | Transfer direction selection 0: LSB first 0 o)
| bit 1: MSB first
e — 6 | Synchronous clock selection | 0 : External clock 0 O
| bit 1 : Internal clock
L 77777777777777777 7 | P5s/Souts P-channel output 0 : CMOS output (in output mode) 0 (e)
disable bit 1 : N-channel open-drain output
(in output mode)
Fig. 2.3.7 Structure of Serial I/O 3 control register
Interrupt request register 1
b7 b6 b5 b4 b3 b2 bl b0

B N N N - Interrupt request reigster 1 (IREQ1) [Address:3Cuis]
i i i i i i i i B Name Function At reset
-1 I L]0 |INTointerrupt request bit 0 : No interrupt request 0 O
[ A A 1: Interrupt request
| | | | | | | B
0111 |1|INTY/ZCR interrupt request bit |O : NO interrupt request 0 ]
I 1 : Interrupt request
T | 2 |* INT2 interrupt request bit 0 : No interrupt request 0 O
A T T R S + Remote control/counter 1: Interrupt request
A overflow interrupt request bit
Loy 3 | Serial /O 1 interrupt request |0 : No interrupt request 0 O
R S I bit 1: Interrupt request
(I + Serial /0 automatic transfer
Lo interrupt request bit
| | | | A
T 4 | Serial I/0 2 interrupt request |0 : No interrupt request 0 O
Lo bit 1: Interrupt request
Do ] 5 | Serial I/0 3 interrupt request |0 : No interrupt request 0 O
b bit 1 : Interrupt request
o] 6 | Timer 1 interrupt request bit |0 : No interrupt request 0 0
| 1: Interrupt request
L 7 | Timer 2 interrupt request bit |0 : No interrupt request 0 O

1: Interrupt request

O "0"is set by software, but not "1."

Fig. 2.3.8 Structure of Interrupt request register 1
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Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register 1 (ICON1) [Address:3Ezs]

-

B Name Function Atreset| R [W
0 [INTo interrupt enable bit 0 : Interrupt disabled 0 |o]o
1 : Interrupt enabled
1 | INT2/ZCR interrupt enable bit |0 : Interrupt disabled o |olo
1 : Interrupt enabled
2 |- INT2 interrupt enable bit 0 : Interrupt disabled 0 [O]O
- Remote control/counter 1 : Interrupt enabled
overflow interrupt enable bit
3 |- Serial I/O1 interrupt enable 0 : Interrupt disabled 0 (o] e}
bit 1 : Interrupt enabled
+ Serial I/O automatic transfer
interrupt enable bit
4 | Serial 1/O 2 interrupt enable 0 : Interrupt disabled 0 olo
bit 1 : Interrupt enabled
5 | Serial I/0 3 interrupt enable 0 : Interrupt disabled o lolo
bit 1 : Interrupt enabled
6 | Timer 1 interrupt enable bit 0 : Interrupt disabled 0o |olo
1 : Interrupt enabled
7 | Timer 2 interrupt enable bit 0 : Interrupt disabled 0 |olo
1 : Interrupt enabled

Fig. 2.3.9 Structure of Interrupt control register 1
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2.3.2 Serial /0 connection examples

(1) Control of peripheral IC equipped with CS pin

In any application, the automatic transfer function is available.

Figure 2.3.10 shows connection examples of a peripheral IC equipped with the CS pin.

(1) Only transmission
(using the Sin pin as an I/O port)

Port CS
Scik ”CLK
Sout »DATA

3819 group Peripheral IC
(OSD controller etc.)

(3) Transmission and reception
(Pins Sinand Sout are connected)
(Pins IN and OUT in peripheral IC
are connected)

Port CS
ScLk CLK

Sout J L' IN
SiN ouT

3819 group  Peripheral ICH

(E*PROM etc.)

O The OUT pin of the peripheral IC is an
N-channel open-drain output. It is in
high impedance during receiving data.

Note : “Port” is an output port controlled by
software.

(2) Transmission and reception

Port
ScLk
Sout

SIN

CS

>|CLK

>IN

3819 group

ouT

Peripheral IC
(E2PROM etc.)

(4) Connecting ICs

Port
ScLk
Sout

SIN

Port

CS

CLK

>IN

3819 group

ouT
Peripheral IC 1

”ICS
>ICLK
—>{IN

ouT
Peripheral IC 2

Fig. 2.3.10 Serial 1/0 connection examples (1)
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(2) Connection with microcomputer

Figure 2.3.11 shows connection examples of the other microcomputers.

(1) Selecting an internal clock (2) Selecting an external clock
(Possible of using an automatic (Possible of using an automatic
transfer function) transfer function)
Scik CLK Scik CLK
Sout IN Sout IN
SIN [« ouT SIN [« ouT
3819 group Microcomputer 3819 group Microcomputer
(3) Using the Sroy signal output function (4) Using the CS signal reception function
(Selecting an external clock, and not (Selecting an external clock, and using
using an automatic transfer function) an automatic transfer function)
SRDY > RDY CS|< Cs
SciLk [« CLK SciLk [« CLK
Sout >IN Sout IN
SIN | ouT SIN [« ouT
3819 group Microcomputer 3819 group Microcomputer

(5) Using the CLK signal output pin switch
(Scik12) function
(Selecting an internal clock, and using
an automatic transfer function)

Sciki1 > CLK
Sout >IN
SN [« ouT
Scik12
Port Microcomputer

3819 group

> CLK

>
<— OUT

> CS

Peripheral IC

Fig. 2.3.11 Serial 1/0O connection examples (2)
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2.3.3 Setting of serial /0O mode

Whether SRDY signal output,C_S signal receive and CLK signal output pin switch (ScLk12) functions can be selected

to use or not by the following conditions:
« Serial I/O circuits ( serial I/0 1 or serial /0 2)
» The automatic transfer function is ON or OFF ( at the serial I/0 1 only)
« Transfer clock ( internal clock or external clock)

Figure 2.3.12 shows a setting of serial I/O mode.

Internal clock

— Automatic transfer function

OFF — output Srov signal

External clock —

— not output Srov signal

Serial /01 —
— use Sciki2 pin
Internal clock —j
— not use Sciki2 pin
— Automatic transfer function
ON use CS function
External clock {
not use CS function
Internal clock
Serial 1/0 2
Serial 110 3

output Sroy signal
External clock {

not output Srov signal

Fig. 2.3.12 Setting of Serial I/O mode

3819 Group USER’'S MANUAL

93



MITSUBISHI MICROCOMPUTER

3819 Group
2. APPLICATION 2.3 Serial 11O

2.3.4 Serial I/O application examples
(1) Output of serial data (control of a peripheral IC)

Outline : The port is connected to the CS pin of a peripheral IC and the serial transmission is controlled.

P67 €S cs
P66/ScLk11 CLK CLK
P6s/Sout1 DATA DATA
3819 group Peripheral IC

Fig. 2.3.13 Connection diagram [Output of serial data]

Specifications : ¢ The Serial I/O 1 is used (the automatic transfer function is not used)
 Synchronous clock frequency: 131 kHz ( f(XIN) = 4.19 MHz is divided by 32)
* Transmission direction: LSB first
 The Serial I/O 1 interrupt is not used.

« The Port P67 is connected to the CS pin (“L” active) of the peripheral IC for a transmission
control (the output level of the port P67 is controlled by software).

Figre 2.3.14 shows an output timing chart of serial data.

CLK

DATA XDOOX XDOlX XDOzX ><D03><

Fig. 2.3.14 Timing chart [Output of serial data]
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Serial I/O 1 control register (Address:1916)
SIOICON |[O0]1(|0]|0]1]0]|1]0O

~.

W_/
‘ ‘ \—> Internal synchronous clock : f(Xn)/32

> Use the Serial 110 1

> Not use the Srov1 signal output function
> LSB first

> Internal clock

> CMOS output

Serial I/O automatic transfer control register (Address:1A 16)

\—> Serial I/O ordinary mode

Port P6 register (Address:0C1e)

P6 1

> Set P67 output level to “H”
Port P6 direction register (Address:0Dz1e)

P6D 1

> Set P67 to output mode
Interrupt control register 1 (Address:3Ez16)

ICON1 0

> Serial I/O 1 interrupt : Disabled
Interrupt request register 1 (Address:3Czs)

IREQ1

> Serial I/O 1 interrupt request

(Using this bit, check the completion of
transmitting 1-byte base data (becomes “1”
when the data transmission is completed).)

Fig. 2.3.15 Setting of related registers [Output of serial data]

Serial I/O 1 register (Address:1B1e)

SIo1

> Set a transmission data.

Check that transmission of the previous data is
completed before writing data (bit 3 of the
Interrupt request register 1 is set to “1").

Fig. 2.3.16 Setting of transmission data [Output of serial data]
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Control procedure : When the registers are set as shown in Fig. 2.3.15, the Serial I/O 1 can transmit one-byte data
simply by writing data to the Serial I/O 1 register.
Thus, after setting the CS signal to “L”, write the transmission data to the Serial I/O 1 register
on a one-byte base, and return the CS signal to “H” when the desired number of bytes have
been transmitted.

( RESET )
Initialization
SIO1CON (Address:1916) «— 010010102 - Set the Serial /0 1.
SIOAC  (Address:1A16) <— 000000002
P6 (Address:0C16), bit7 «— 1 - Set the CS signal output level to “H.”
P6D (Address:0D1s), bit7 «— 1 - Set the CS signal output port.
I
N
|
P6 (Address:0C16), bit7 <— 0 - Set the CS signal output level to “L.”

- Set the Serial 1/0 1 interrupt request bit to “0”.
IREQ1 (Address:3C1s), bit3 «<—0 pLred

SI01 (Address:1B 16) <— a transmission - Write a transmission data.
data (start to transmit 1-byte data)

- Check the completion of transmitting 1-byte
data.

- Use any of RAM area as a counter for
counting the number of transmitted bytes.

- Check that transmission of the target num-
ber of bytes has been completed.

Complete to transmit data?

- Return the CS signal output level to “H” when
transmission of the target number of bytes is
completed.

P6 (Address:0Cas), bit7 «—1

Fig. 2.3.17 Control procedure [Output of serial data]

96 3819 Group USER’S MANUAL



MITSUBISHI MICROCOMPUTER

3819 Group
2. APPLICATION 2.3 Serial 11O

(2) Data transmission or reception using automatic transfer

Outline : Serial transmission or reception is controlled by using a serial automatic transfer function.

P66/Sciki1 CLK >ICLK
P6s5/Sout1 ouT IN
P64/SiN. IN ouT
3819 group Sub-microcomputer

Fig. 2.3.18 Connection diagram [Data transmission or reception using automatic transfer]

Specifications : ¢ The Serial I/O 1 is used (the automatic transfer function is used).
* Transmission clock frequency: 131 kHz (f(XIN) = 4.19 MHz is divided by 32)
» Transmission direction : LSB first
* Number of bytes for transmission or reception : each 8 bytes/block
* Transmission interval: 244 ps (corresponding to a transmission clock of 32 bits)
 The Serial I/O automatic transfer interrupt is not used.

Figure 2.3.19 shows a transmission or reception timing chart using an automatic transfer.

| 1 block

CLK

o Jool ool oo Tool - TooT Toor

S 1 0 3 N 3 )

! A cycle of blocks is controlled by software. !
(synchronize with a main routine.)

Fig. 2.3.19 Timing chart [Data transmission or reception using automatic transfer]
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SIO1CON

SIOAC

SIOAI

SIODP

ICON1

Serial /01 control register (Address:1916)

0|1|0]0]12

0110

\W_'/

\—> Internal synchronous clock : f(X in)/32

> Use Serial I/0 1

> Not use Srov signal output function

» LSB first

> Internal clock

Serial 1/0 automatic transfer control register (Address:1A1e)

> CMOS output

HENRE

001

|—>Automatic transfer mode

Set to a transfer completion state (stop
transferring) in initialization.

(After setting a transmission data, set to
“1” at starting automatic transfer.)
— Fullduplex (transmit/receive) mode

Serial /0 automatic transfer interval register (Address:1C1s)

> Synchronous clock output pin : S cLki1

CUrHE

1(1(0

—_—

Serial /0 automatic transfer data pointer (Address:1816)

\—> Set an interval of transfer clock,32 bits.

(set so that “setting value + 2 = 32.”)

T

1|11

D —— e ———

Interrupt control register 1 (Address:3Ee)

\—> Set “the number of transfer bytes — 1”

(in this example, (8 bytes — 1) = 7 is set after
completing to transfer 1-byte data, and
before starting to transfer the next data.)

0

> Serial I/O automatic transfer interrupt : Disabled

Fig. 2.3.20 Setting of related registers [Data transmission or reception using automatic transfer]
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SIOo1

Serial 1/01 register (Address:1B1s)

transfer.

Serial 1/0 automatic transfer RAM (Address:0F0016 to OF1Fz1e)

> This register is not used at using automatic

SIORAM
OF0016 DO~ OF0016 DIz
OFO011s DOes OFO011s Dls
Execution of
i : i automatic transfer s
OF0616 DO1 OF0616 Dl
OF0716 DOo OF0716 Dlo

In this example, address “OF0816 to OF1F16” which are not used for

an automatic transfer can be used as ordinary RAM.

Fig. 2.3.21 Setting of transmission data [Data transmission or reception using automatic transfer]
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Control procedure : In this example, a serial communication is performed at the beginning of the main routine
which loops in a certain cycle.

( RESET )
Initialization
SI01CON (Address:1916) <— 010010102 - Initialize the serial I/O 1
SIOAC  (Address:1A16) «<— 000000012 - Set the related functions for using automatic
SIOAI (Address:1C16)<«— 30 transfer.
SIODP  (Address:1816) «—8 —1
ICON1 (Address:3E1s), bit3<«—0

Has the time specified for the cycle

- Generate the timing of a certain cycle by
control of a main routine elapsed?

using the timer or other functions.
- Control so that the main routine is executed
in a certain cycle.

Serial /0 automatic transfer RAM «— a transmission
(Address:0F0016 to 0F0716) data - Set one block (8 byte) of transmission data
| in the RAM.

SIODP (Address:1816) <— 7

SIOAC (Address:1A1e), bit 1 «— 1

- Set the data pointer (set “8 byte — 1").

- Start the automatic transfer.

H H - It is possible to execute the other process-
| To--——--—----- J ing during an automatic transfer.
< (a part of the main processing is executed.)

SIOAC (Address:1A 16), bitl?

- Check the completion of an automatic

transfer.
0
RAM for processing Serial I/O automatic - Transfer a data stored to the Serial 1/O
of a reception data transfer RAM automatic transfer RAM to RAM for
(Address:0F0016to OF0716) processing of reception data.

| Main processing | - Perform the following processing in the main
! ! processing.

| | 1. The processing of the data transferred into
| the RAM for processing of reception data.
2. The preparation of the next transmission
data.

Fig. 2.3.22 Control procedure [Data transmission or reception using automatic transfer]
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(3) Cyclic transmission or reception of block data (data of a specified number of bytes) between microcomputers
[without using an automatic transfer]

Outline : When a clock synchronous serial 1/0 is used for communication, synchronization of the clock and the
data between the transmitter and receiver sides may be lost because of noise included in the
synchronizing clock. Thus, it is necessary to be corrected constantly. This “heading adjustment” is carried
out by using the interval between blocks in this example.

ScLk ScLk
SiN SiN
Sout Sout
Master unit Slave unit

Fig. 2.3.23 Connection diagram [Cyclic transmission or reception of block data between microcomputers]

Specifications :  « Synchronous clock frequency : 131 kHz (f(XIN) = 4.19 MHz is divided by 32)
* Byte cycle : 488 ps
» Number of bytes for transmission or reception : each 8 byte/block
* Block transmission cycle : 16 ms
* Block transmission period : 3.5 ms
* Interval between blocks : 12.5 ms
» Heading adjustive time : 8 ms
» Transmission direction : LSB first

Limitations of the specifications

1. Reading of the reception data and setting of the next transmission data must be completed within the time
obtained from “byte cycle — time for transmitting 1-byte data” (in this example, the time taken from generating
of the Serial /0 1 interrupt request to generating of the next synchronizing clock is 431 pus).

2. "Heading adjustive time < interval between blocks” must be satisfied.

3. Although the transmission direction can be switched for the Serial 1/O of 3819 group, it cannot be
switched for some serial 1/0Os of 740 family including 38000 series (only LSB first). Be sure to check when

deciding specifications.
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The communication is performed according to the timing shown below. In the slave unit, when a synchronizing clock
is not input within a certain time (heading adjustive time), the next clock input is processed as the beginning (heading)
of a block.

When a clock is input again after one block (8 byte) is received, the clock is ignored.

Figure 2.3.25 shows a setting of related registers.

| 1 |
Byte cycle :
" |

Block transmission period Interval between blocks

|
|
|
|
|
|
|
<
> < »|
|
|
|
;
+
|
|
|
|

A

|
.. |
Block transmission cycle I

»
»l

'y

Heading a:djustive time
i |

Processing for heading adjustment

Fig. 2.3.24 Timing chart [Cyclic transmission or reception of block data between microcomputers]

Master unit Slave unit
Serial I/O 1 control register (Address:191s) Serial I/0O 1 control register (Address:1916)
sio1con|0(1]0{0]1]0(1]0 sio1con|0(0]0]0|1
;Y_J ;Y_/
L’Internal synchronous L’Not be effected by
clock : f(Xin)/32 external clock
Use the Serial /0 1 Use the Serial /0 1
Not use the Srov: signal Not use the Srov: signal
output function output function
—>LSBffirst —_”LSBfirst
> Internal clock > External clock
> CMOS output > CMOS output

[When using the Serial /0 1]

Serial I/O automatic transfer control register (Address:1A16)
Note : When an automatic transfer function

sionc [ [ [ [0
is not used, the Sciki1 is used as an

> Serial 1/0 ordinary mode I/0 pin for a synchronizing clock (the
Sciki2 is not selected).

Fig. 2.3.25 Setting of related registers  [Cyclic transmission or reception of block data between microcomputers]

102 3819 Group USER’S MANUAL



MITSUBISHI MICROCOMPUTER

3819 Group
2. APPLICATION 2.3 Serial 11O

Control procedure :

(1) Control in the master unit
After a setting of the related registers is completed as shown in Figure 2.3.25, in the master unit transmission
or reception of one-byte data is started simply by writing transmission data to the Serial I/O 1 register.
To perform the communication in the timing shown in the specifications, therefore, take the timing into account
and write transmission data. Read out the reception data when the Serial /O 1 interrupt request bit is set to “1”,
or before the next transmission data is written to the Serial I/O 1 register.
A processing example in the master unit using timer interrupts is shown below.

Interrupt processing routine
executed every 488 us

Within a block transfer period?

- Generate a certain block interval by
using a timer or other functions.

Read a reception data Count a block interval counter

+ Check the block interval counter and
determine to start of a block transfer.

Complete to transmit a block? Start a block transfer?

Write the first transmission data

Write a transmission data (first byte) in a block

&
<

( RTI )

Fig. 2.3.26 Control in the master unit
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(2) Control in the slave unit

After a setting of the related registers is completed as shown in Figure 2.3.25, the slave unit becomes the state
which is received a synchronizing clock at all times, and the Serial I/O 1 interrupt request bit is set to “1” every
time an 8-bit synchronous clock is received.

For transmitting or receiving data according to the synchronizing clock input in the timing shown in the
specifications, read out the reception data and write the next transmission data to the Serial I/O 1 register in the
following conditions.

* When the Serial I/O 1 interrupt occurs.

* When the Serial I/O 1 interrupt request bit is set to “1” as the result of checking.

When the Serial I/0O 1 interrupt request bit is not set to “1” within a certain time (heading adjustive time), the first
byte of the transmission data in a block is written to the Serial /O 1 register, then the next reception data is
processed as the first byte of the reception data in a block. A processing example in the slave unit using serial
I/O interrupts and timer interrupts (for a heading adjustment) is shown below.

Serial I/0 1 interrupt processing Timer interrupt processing
routine routine

- Check the received byte
counter to judge if a block
N has been transfered. Heading adjustive counter — 1

Within a block transfer period?

Heading adjustive

i =07
Read a reception data ounter = 07

Write the first transmission data
A received byte counter +1 (first byte) in a block

A received byte counter <— Q

A4

A received byte counter = 8?

v ( RTI )

Write a transmission data Write any data (FF 16)
le |
<
Heading adjustive itiali . S
counterg ) <« Lg}ﬂ'?ﬁ%te) Note : In this example, set the value which is equal to the
heading adjustive time divided by the timer interrupt
l cycle as the initialized value of the heading adjustive
( ) counter.
RTI For example : When the heading adjustive time is 8ms

and the timer interrupt cycle is 1ms, set
8 as the initialized value.

Fig. 2.3.27 Control in the slave unit
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2.4 A-D conversion

2.4.1 Related registers

AD/DA control reqgister
b7 b6 b5 b4 b3 b2 bl b0

AD/DA control register (ADCON) [Address:2Cuis]

Name

Function

At reset

Py

Analog input pin selection bits

b3 b2 bl b0

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

P70/ANo
P71/AN1
P72/AN2
P73/AN3
P74/ANa
P75/ANs
P76/ANs
P77/AN7
P50/Sin2/ANs
P51/Sout2/ANg
P52/SciLk2/AN10
P53/Sroy2/AN11
P54/Sin3/AN12
P55/Souta/AN13
P56/ScLks/AN14
P57/Srov3/AN15

0

ol

A-D conversion completion bit

0 : Conversion in progress
1 : Conversion completed

Nothing is allocated for this bit. This is a write disabled bit.
When this bit is read out, the value is "0."

D-A output enable bit

0 : Disable
1: Enable

Nothing is allocated for this bit. This is a write disabled bit.
When this bit is read out, the value is "0."

Fig. 2.4.1 Structure of AD/DA control register

A-D conversion register
b7 b6 b5 b4 b3 b2 bl b0

A-D conversion register (AD) [Address:2Dis]

Function

At reset

\llmlmlhlmlmlplo w

The read-only register which A-D conversion results are stored.

?

(o] [e] [¢] [¢] [e] [e][e] 6] y)

o|olo|o(o|jo|lo|o| s

Fig. 2.4.2 Structure of A-D conversion register
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Interrupt request register 2
b7 b6 b5 b4 b3 b2 bl b0

Interrupt request reigster 2 (IREQ2) [Address:3D1s]

I I I I I I I
i i i i i i i i b Name Function Atreset | R |W
L1 1 Lo [Timer 3interrupt request bit [0 : No interrupt request 0 (ofDO
o 1 : Interrupt request
| | | | | | 7
~ 01 b L |1 [Timer 4 interrupt request bit 0 : No interrupt request 0 |olo
I 1 : Interrupt request
o ] 2 | Timer 5 interrupt request bit |0 : No interrupt request o l|lolo
oo 1 : Interrupt request
A T T S S 3 | Timer 6 interrupt request bit 0 : No interrupt request o |olo
ol 1 : Interrupt request
A 4 |INTz interrupt request bit 0 : No interrupt request 0 |ol|o
[ 1 : Interrupt request
| | |
o 5 |* INT4 interrupt request bit 0 : No interrupt request 0 |o|O
N + A-D conversion interrupt 1: Interrupt request
b request bit
} } 6 |* FLD blanking interrupt 0 : No interrupt request 0 o0
bbb request bit 1 : Interrupt request
} + FLD digit interrupt request bit
[ 7 | Nothing is allocated for this bit. This is a write disabled bit. 0 |o]|o

When this bit is read out, the value is "0."

0 "0"is set by software, but not "1."

Fig. 2.4.3 Structure of Interrupt request register 2

Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0

9 N I S N A Interrupt control reigster 2 (ICON2) [Address:3Fs]

i i i i i i i i b Name Function Atreset | R |W
0L o [Timer 3 interrupt enable bit 0 : Interrupt disabled 0 |o]o
B 1 : Interrupt enabled

| | | | | | 5

111 L |1 |Timer 4 interrupt enable bit 0 : Interrupt disabled 0 |o]o
I 1 : Interrupt enabled

o ] 2 | Timer 5 interrupt enable bit 0 : Interrupt disabled 0 |olo
oo 1 : Interrupt enabled

R 3 | Timer 6 interrupt enable bit 0 : Interrupt disabled o |lolo
. 1 : Interrupt enabled

N 4 |INTs interrupt enable bit 0 : Interrupt disabled 0 |ofo
. 1 : Interrupt enabled

Lo 5 |* INT4 interrupt enable bit 0 : Interrupt disabled 0 O|0O
[ ittty + A-D conversion interrupt 1: Interrupt enabled

b enable bit

o 6 |+ FLD blanking interrupt 0 : Interrupt disabled 0 [O]|O
o enable bit 1: Interrupt enabled

} * FLD digit interrupt enable bit

e 7 |Fix this bit to "0." 0 |o|o

Fig. 2.4.4 Structure of Interrupt control register 2
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2.4.2 A-D conversion application example

Conversion of Analog input voltage
Outline : The analog input voltage input from the sensor is converted into digital values.

Figure 2.4.5 shows a connection diagram, and Figure 2.4.6 shows a setting of related registers.

T

Vcc  VRer
P70/ANo Sensor

Jj Vss AVss 1
3819 group

Fig. 2.4.5 Connection diagram [Conversion of Analog input voltage]

Specifications :  « The ANo pin is used as an analog input pin.
» The analog input voltage input from the sensor is converted into digital values.

AD/DA control register (Address:2Czis)

wocon [T [

%{_)

‘ \—> Analog input pin selection : P70/ANo

> Start A-D conversion

A-D conversion register (Address:2Die)

AD (read-only)

> Store a result of A-D conversion

Note : Read out a result of A-D conversion after bit 4 of the
AD/DA control register (ADCON) is set to “1”.

Fig. 2.4.6 Setting of related registers [Conversion of Analog input voltage]
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Control procedure : By setting the related registers as shown in Figure 2.4.6, the analog input voltage input from
the sensor are converted into digital values.

ADCON (Address:2C1s), bitd — bit3 <—00002 * Select the ANo pin as an analog input pin.
ADCON (Address:2C 1), bitd ~ <—0 + Start A-D conversion.

- Check the completion of A-D conversion.

Read out AD (Address:2D 16)

- Read out the conversion result.

!

—~
—~

Fig. 2.4.7 Control procedure [Conversion of Analog input voltage]

108 3819 Group USER’S MANUAL



2. APPLICATION

MITSUBISHI MICROCOMPUTER

3819 Group
2.5 FLD controller

2.5 FLD controller

2.5.1 Related registers

Port PO segment/digit switch register

b7 b6 b5 b4 b3 b2 bl b0

Port PO segment/digit switch register (POSDR) [Address:3216]

I I I I I I I I

i i i i i i i i B Name Function Atreset| R [W

1 1111 L]0 [Port PO segment/digit 0:DIGo 0 |olo

L | | switch register 1:SEG=2

[ } [ 0:DIG1 0 |o]lo

A | 1:SEGss

} } } } } Lo 2 0:DIG2 0 olo

oo i 1:SEGsa

T R 3 0:DIGs 0 |lolo

. L 1:SEGss

T R R 4 0: DIG4 0 |olo

L [ | 1:SEGss

} } L] 5 0:DIGs o |lolo

[ [ | 1:SEGs7

ol 6 0:DIGs o |ofo

| - 1:SEGss

L 7 0:DIG? 0 |olo
1:SEGa39

Fig. 2.5.1 Structure of Port PO segment/digit switch register
Port P2 digit/port switch register
b7 b6 b5 b4 b3 b2 bl b0
i S Port P2 digit/port switch register (P2DPR) [Address:3316]

i i i i i i i i B Name Function Atreset [ R [W

bbb 1 L]0 [Port P2 digit/port switch 0 : Port P20 output-only 0 |OoJ|o

L e LDlen

A SR 0 : Port P21 output-only 0o lolo

[ [ | 1:DIGar

R T T 2 0 : Port P22 output-only 0 lolo

oo ] 1:DIG1s

o b 3 0 : Port P23 output-only o |olo

b 1:DIG1o

T |4 [ Nothing is allocated for these bits. These are write disabled bits. 0 _[Oo]0

L T | 5 [ When these bits are read out, the values are "0." 0 |O|O0

i [ 6 | 0 [O]O

e Rt e 7 0_[o]0

Fig. 2.5.2 Structure of Port P2 digit/port switch register
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Port P8 segment/port switch register

b7 b6 b5 b4 b3 b2 bl bo
1111 1| Port P8 segment/port switch register (P8SPR) [Address:34 16]
i i i i i i i i B Name Function Atreset | R W
L1 Lo [Port P8 segment/port 0 : Port P8o for I/O 0 |o|o
o | |switch register 1:SEGs
A L1 0 : Port P81 for I/0O 0 |olo
. [ | 1:SEGo
o ] 2 0 : Port P8 for I/0 o lolo
oo i 1:SEG1o
R T 3 0 : Port P83 for I/O 0o lolo
b [ | 1:SEGu
A 4 0 : Port P84 for 1/0 0 |Oo|O
} } } | 1:SEGuw2
e ] 5 0 : Port P8s for 1/10 0 olo
o [ | 1:SEGis
ol 6 0 : Port P86 for I/O o |lolo
} [ | 1:SEGu
b 7 0 : Port P87 for /0 o lolo

1:SEGis
Fig. 2.5.3 Structure of Port P8 segment/port switch register

Port PA segment/port switch register

b7 b6 b5 b4 b3 b2 bl bo
1111111 Port PA segment/port switch register (PASPR) [Address:351e]
i i i i i i i i B Name Function Atreset | R [W
L1 Lo [Port PA segment/port 0 : Port PAo for I/O 0 |ofo
b | |switch register 1:SEGo
A e 0 : Port PA1 for I/0 o |olo
I ] 1:SEG1
o ] 2 0 : Port PA2 for I/O o |olo
oo 1:SEG2
T T A 3 0 : Port PAs for /0 o lolo
. - 1:SEGs
A 4 0 : Port PAs for 1/0 0 |O|O
o | 1:SEG4
S 5 0 : Port PAs for I/O o |olo
o - 1: SEGs
R 6 0 : Port PAs for 1/0 0 lolo
} | 1:SEGs
b 7 0 : Port PA7 for I/O o lolo

1:SEG~

Fig. 2.5.4 Structure of Port PA segment/port switch register

110 3819 Group USER’S MANUAL



2. APPLICATION

MITSUBISHI MICROCOMPUTER

3819 Group
2.5 FLD controller

FLDC mode register 1
b7 b6 b5 b4 b3 b2 bl b0

FLDC mode register 1 (FLDM1) [Address:3616]

B

Name

Function

At reset

Py

0

Tscan control bits

b1b0

0 0 : FLD digit interrupt

(at rising edge of each digit)
253 70 ) o
11:3 0 Tdisp ) 'ntermupt

(at falling edge of the last digit)

0

o|=

Toff contro
(Setting of
OFF time)

| bit
digit/segment

b5 b4 b3 b2
0000:1/16 O Tdisp
0001:2/16 O Tdisp
0010:3/16 O Tdisp
0011:4/16 O Tdisp
0100:5/16 O Tdisp
0101:6/16 O Tdisp
0110:7/16 O Tdisp
0111:8/16 O Tdisp
1000:9/16 O Tdisp
1001:10/16 O Tdisp
1010:11/16 O Tdisp
1011:12/16 O Tdisp
1100:13/16 O Tdisp
1101:14/16 O Tdisp
1110:15/16 O Tdisp
1111:16/16 O Tdisp

Nothing is allocated for this bit. This is a write disabled bit.
When this bit is read out, the value is "0."

High-breakdown-voltage
drivability selection bit

0 : Strong drivability
1 : Weak drivability

Fig. 2.5.5 Structure of FLDC mode register 1

3819 Group USER’'S MANUAL

111



MITSUBISHI MICROCOMPUTER

(display starts by writing “1” to
this bit which is set to “0".)

2 | Tdisp control bits b5 b4 b3 b2 o lolo

3819 Group
2. APPLICATION 2.5 FLD controller

FLDC mode register 2
b7 b6 b5 b4 b3 b2 bl bo

41 1 FLDC mode register 2 (FLDM2) [Address:3716]

i i i i B Name Function Atreset | R |W

| } Lo Automatic display control bit 0 : Ordinary mode o |olo

o (PO,P1,P20-P23,P3,P8,P9,PA) | 1 : Automatic display mode

| |

| | | 1 |Display start bit 0 : Display stopped 0 |Oo|O

e 1: Display in progress

|

| |

| |

| |

| |

| |

I (digit time setting) 0000:128 us
! (at 8 MHz oscillation 0001:256 pus
} — frequency) 0010:384 ps
! 3 0011:512ps 0 |O]|O
\ 0100:640 ps
} 0101:768 ps
! M 0110:896 ps
} 4 0111:1024 us 0 [©]o
1000:1152 ps
1001:1280 ps

5 1010 olo
o] : }Not available 0
| 1111
‘ ..
Lo ] 6 | P1o segment/digit switch bit |0 : Digit (DIGs) o |olo
\ 1: Segment (SEG 40)
L 7 | P11 segment/digit switch bit |0 : Digit (DIGs) o lolo
1: Segment (SEG 41)

Fig. 2.5.6 Structure of FLDC mode register 2
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FLD data pointer
b7 b6 b5 b4 b3 b2 bl b0
N S [ S FLD data pointer (FLDDP) [Address:3816]

TR i EE Function Atreset | R

| | | | | | |

0 111 L]0 |Indicate the address of data which is transfered to the segment of ? |O|D
A | | the FLD automatic display RAM.

B b ? |ofo
(N N ||

- 2EE
| | | | | —

T T T N T 3 2 |o|o
| | | |

| | | | —

I T 4 2 |o|o
| | |

N 5 " ol
| |

R S 6 EE
|

e 7 | Nothing is allocated for this bit. This is a write disabled bit. o |olo

When this bit is read out, the value is "0."
Fig. 2.5.7 Structure of FLD data pointer
FLD data pointer reload register
b7 b6 b5 b4 b3 b2 bl b0
N S S [ S FLD data pointer reload register (FLDDP) [Address:3816]

TR i EE Function Atreset| R |W
| | | | | | |

'L 111 L]0 |Indicate the first digit address of the high-order segment. ? |ofo
| | | | | | |

EERRE R
[ N N ||

BRI R S EE
| | | | | —

T A 3 2 |olo
| | | |

| | | | —i

R 4 ? |[o]o
| | |

R : REE
| |

R S 6 EIE
|

L 7 | Nothing is allocated for this bit. This is a write disabled bit. ? olo

Fig. 2.5.8 Structure of FLD data pointer reload register

3819 Group USER’'S MANUAL

113



MITSUBISHI MICROCOMPUTER

3819 Group

2. APPLICATION 2.5 FLD controller

Interrupt request register 2

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request reigster 2 (IREQ2) [Address:3Duis]

I I I I I I I
i i i i i i i i b Name Function Atreset | R
L1110 |Timer 3interrupt request bit |0 : No interrupt request 0o |olo
[ 1 : Interrupt request
| | | | | | | 3
S e — Timer 4 interrupt request bit 0 : No interrupt request 0 |o|o
N 1 : Interrupt request
R 2 | Timer 5 interrupt request bit 0 : No interrupt request o |olo
oo 1 : Interrupt request
Lo L] 3 [ Timer 6 interrupt request bit [0 : No interrupt request o |olo
. 1 : Interrupt request
A 4 | INTs interrupt request bit 0 : No interrupt request 0 |o]|O
} } } 1 : Interrupt request
Lo 5 |- INT4 interrupt request bit 0 : No interrupt request 0 |Oo]|O
N - A-D conversion interrupt 1 : Interrupt request
b request bit
} } 6 |* FLD blanking interrupt 0 : No interrupt request 0 ola
bbb request bit 1 : Interrupt request
} * FLD digit interrupt request bit
[ 7 [ Nothing is allocated for this bit. This is a write disabled bit. 0 |Oo]|Oo
When this bit is read out, the value is "0."
0 "0"is set by software, but not "1."
Fig. 2.5.9 Structure of Interrupt request register 2

Interrupt control register 2

b7 b6 b5 b4 b3 b2 bl b0

9 B S N - Interrupt control reigster 2 (ICON2) [Address:3F16]
i i i i i i i i b Name Function Atreset | R |W
- 111U o | Timer 3 interrupt enable bit 0 : Interrupt disabled 0 |o]o
[ A 1 : Interrupt enabled
| | | | | | | A
011 1|1 |Timer 4 interrupt enable bit 0 : Interrupt disabled 0 |o]o
b 1 : Interrupt enabled
R 2 | Timer 5 interrupt enable bit 0 : Interrupt disabled o |lolo
oo 1 : Interrupt enabled
Lo L] 3 | Timer 6 interrupt enable bit 0 : Interrupt disabled o |lolo
A 1 : Interrupt enabled
T N 4 | INTs interrupt enable bit 0 : Interrupt disabled o |olo
. 1 : Interrupt enabled
} } } 5 |+ INT4 interrupt enable bit 0 : Interrupt disabled 0 olo
[ ittty - A-D conversion interrupt 1 : Interrupt enabled
o enable bit
L 6 |+ FLD blanking interrupt 0 : Interrupt disabled 0 O|0
bbb enable bit 1: Interrupt enabled
} * FLD digit interrupt enable bit
[ 7 | Fix this bit to "0." 0 |o]|O

Fig. 2.5.10 Structure of Interrupt control register 2
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2.5.2 FLD controller application examples

(1) FLD automatic display and Key-scan using segment pin

Outline : The pannel with fluorescent display (FLD) is displayed by using FLD automatic display function.
Then the key is read in with using segment pin by software.

P02—PO7 | digit SUN MON TUE WED THU FRI SAT
Plo—P13 SP LP _ _ - _
P0o.PO1 segment [> |]|] REC _l_l i |_| |_| L4 I_I I_I I_I I_I
P30_P3; segment d [ Lo 1 11 Tel 11 M N P
L OO OO OO0 OO0 OO0 OO0 OO OO
P24_P2; tevee R OO0 OO OO OO OO OO OO OO
|
3819 group

Pannel with fluorescent display (FLD)
| Key

% matrix

Fig. 2.5.11 Connection diagram [FLD automatic display and Key-scan using segment pin]

Specifications :  « The automatic display function is used.
* 10 digits and 10 segments are used.
o Toff = 15.27 ps, Tdisp = 244.39 us, Tscan = 733.17 ps (at f(XIN) = 4.19 MHz)
* The FLD blanking interrupt is used.
» The segment pin is used for the Key-scan.

Figure 2.5.12 shows a timing chart of the Key-scan using an FLD automatic display and segments, and Figure
2.5.13 shows an enlarged view of SEG24 to SEG31 during Tscan.

DIG2(P02) —J_| '_l
ooy —— L L
DIG:11(P13) 1

FLD blanking interrupt reduest occurs

SEG24-SEG3s3
(P30—P37,P00,P01)

Key-scan

Fig. 2.5.12 Timing chart [FLD automatic display and Key-scan using segment pin]
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After switching a segment pin to an output port, the waveform shown below is created by software, and the Key-scan
is performed.

SEG24 (P30) I |
SEG2s5 (P31) —,_l
SEG26 (P32) | |

SEGs1 (P37) ; I_l—

Fig. 2.5.13 Enlarged view of SEG 24 to SEG31 during Tscan

Figures 2.5.14 and 2.5.15 show a setting of related registers.

FLDC mode register 2 (Address:3716)
FLDM2 0o|j0Jj0J0|O|O|O|12

\_Y_J%V—J
|—>Automatic display mode
Stop displaying

> Tdisp = 244.39 ps

» Set ports P11 and P1lo to digit (DIG9, DIGs)

FLDC mode register 1 (Address:3616)

FLDM1 000011

v Y

|—>Tscan =3 [0 Tdisp = 733.17 us

> Toff = 1/160Tdisp = 15.27 us

> Dull the output waveform of the High-breakdown-voltage port

FLD data pointer (Address:381s6)
FLDDP .0001001

~

> Set the value of “the number of digits — 1”

Fig. 2.5.14 Setting of related registers (1) [FLD automatic display and Key-scan using segment pin]
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POSDR

P2DPR

P8SPR

PASPR

P2D

IREQ2

ICON2

FLDM2

Port PO segment/digit switch register (Address:3216)

0]j0]0|0|0O|O|1(1
« ) N

— > Set ports P01 and PQo to segment (SEGss, SEG32)
> Set ports PO7—PO0z2 to digit (DIG7—DIGz2)

Port P2 digit/port switch register (Address:331s)

R

\—’ Set ports P23—P20 to output-only port

Port P8 segment/port switch register (Address:3416)
olojojofojofo]|O

N J
Y

> Set ports P87—P8o to 1/O port

Port PA segment/port switch register (Address:3516)
ojojojofojofo|0

« J
Y

Port P2 direction register (Address:051s)

%—J

Interrupt request register 2 (Address:3D1s6)

o
|

> Set ports PA7—PAo to I/O port

> Set ports P27—P24 to the input mode

> Set the FLD blanking interrupt request bit to “0”.

Interrupt control register 2 (Address:3Fz1e6)

01

> FLD blanking interrupt : Enabled
FLDC mode register 2 (Address:3716)
ojofojojojof1f1

\—> Start displaying

Fig. 2.5.15 Setting of related registers (2) [FLD automatic display and Key-scan using segment pin]
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Setting of FLD automatic display RAM :

Table 2.5.1 FLD automatic display RAM map [FLD automatic display and Key-scan using segment pin]

Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
OFB01s | SEG31 | SEG30 | SEG29 SEG2s | SEG27 SEG26 SEG25 SEG24 | - DIG11(P13)
OFBl16 | SEG31 | SEG3o | SEG20 | SEG2s | SEG27 | SEG2s | SEG25 | SEG24 |- DIG1o(P12)
OFB216 | SEG31 | SEG30 | SEG29 | SEG2s | SEG27 | SEG26 SEG25 | SEG24 |- DIGe (P11)
OFB316 | SEG31 | SEG3o | SEG29 | SEG2s | SEG27 | SEG26 SEG2s | SEG24 |- DIGs(P1lo)
OFB416 | SEG31 | SEG3o | SEG20 | SEG2s | SEG27 | SEG2s | SEG25 | SEGo24 |- DIG7(PO07)
OFB516 | SEG31 | SEG30 | SEG29 | SEG2s | SEG27 | SEG26 SEG25 | SEG24 |- DIGs (POs)
OFB616 | SEG31 | SEGs30 | SEG29 | SEG2s | SEG27 | SEG26 | SEG2s | SEG24 |- DIGs (POs)
OFB716 | SEG31 | SEGs0 | SEG20 | SEG2s | SEG27 | SEG26 | SEGzs | SEG24 |- DIG4 (PO0a4)
OFB81i6 | SEG31 | SEG30 | SEG29 | SEG2s | SEG27 | SEG26 SEG2s5 | SEG2z |- DIG3 (P03)
OFB916 | SEG31 | SEGs30 | SEG29 | SEG2s | SEG27 | SEG26 | SEG2s | SEG24 |- DIG2(P02)

OFBA1s

OFBB16

OFBCuise

OFBD1e

OFBE1s

OFBF16

OFCO16 SEG33 | SEG32 |- DIG11(P13)
OFC1l1s6 SEG33 | SEG32 |- DIG1o(P12)
OFC216 SEGss | SEGs2 |- DIGs (P11)
OFC31s6 SEG33 SEG32 |- DIGs(P1o)
OFC416 SEGss | SEGs2 |- DIG7(P07)
OFC516 SEGss | SEGs2 |- DIGs (POs)
OFC616 SEGs3 | SEGs2 |- DIGs (PO0s)
OFC716 SEGss | SEGs2 |- DIG4(P04)
OFC8us SEGss | SEGs2 |- DIG3(P0s)
OFC916 SEGs3 | SEGs2 |- DIG2(P02)

:l : Area which is used to set a display value
:l : Area which is available as ordinary RAM
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FLD digit allocation :
DIG4 : DIGs : DIGs :DIG7: DIGs : DIGo :DIGm: DIG1u1
i i SUNEMON iTUE WEDiTHU FRI iSAT i
SP LP [ ! NN [ . [ a
| —_— b W \I —_ ] — I/ —_— ] — —_—
> Mrec | _1_lie I_I_ 1o L1111 T
AR | e 1T el 2
""""" T 0o 0o oo oo oo.ooooooloe. el e
LEVEL R OO OO OO0 00O OO 00 OO0 00 |oe: T

Fig. 2.5.16 Example of FLD digit allocation [FLD automatic display and Key-scan using segment pin]

Table 2.5.2 FLD automatic display RAM map example  [FLD automatic display and Key-scan using segment pin]

Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

OFBO16 CH g f e d c b a - DIG11 (P13)
0FB116 SAT g e d c b a - DIG10 (P12)
0FB216 FRI g f e d c b a - DIG9 (P11)
0FB316 | WED g f e d c b a - DIGsg (P1o)
0FB416 | MON g f e d c b a - DIG7 (P07)
0FB516 | SUN g f e d c b a - DIGs (POs)
OFB616 — g f e d c b a - DIGs (P0s)
OFB716 [ | <K D> Il > REC sp LP |- DIG4(P0as)
OFB816 oo oo oo oo oo oo oo oo - DIG3 (P03)
OFB916 oo oo oo oo oo oo oo oo - DIG2 (P02)
OFBA16

OFBB16

OFBCu16

OFBD16

OFBE16

OFBF16

OFCO16 _. DIG11 (P13)
OFCl1e PM AM - DIG1o (P12)
OFC216 THU |- DIGs(P11)
OFC316 TUE |- DIGs(P10)
OFC416 . - DIG7(P07)
OFCb516 . - DIGs (POs)
OFC616 ~. DIGs (P0s)
OFC716 - DIG4 (P04)
OFCB816 L - DIG3 (P03)
0OFC916 R LEVEL |- DIG2(P02)

|:| : Unused
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Control procedure :
Figure 2.5.17 shows a control procedure.

( RESET )

Initialization

FLDM1 (Address:3616) «— 100000112
FLDM2 (Address:3716) «— 000000012
FLDDP (Address:3816) «— 000010012
POSDR (Address:3216) «— 000000112
P2DPR (Address:3316) «— 000000002
P8SPR (Address:3416) «— 000000002
PASPR (Address:3516) «— 000000002
P2D (Address:0516) «— 000000002

FLD automatic
display RAM
(Address:0FB016to OFC916)

<« adatato be
displayed

IREQ2 (Address:3D 16), bit6 «<—0

Wait for 1 or more cycles

ICON2 (Address:3F16), bit6 «<— 1
FLDM2 (Address:37 16), bitl «<— 1

rd

Main processing

- Set related functions for using the FLD automatic

display.

- Set segment/digit /port.

- Set the bits 7 to 4 of the Port P2 direction register

used for the Key-scan to input mode.

+ To turn on the display of the corresponding segment : set to “1”
- To turn off the display of the corresponding segment : set to “0”

( Note)

- Set the FLD blanking interrupt request bit to “0”.

- Wait until completing to write data to the FLD

blanking interrupt request bit.

- FLD blanking interrupt : Enabled
- Start the FLD automatic display.

Note : The display data is re-written at any time.

Fig. 2.5.17 Control procedure [FLD automatic display and Key-scan using segment pin]
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2. APPLICATION

Segment key-scan (FLD blanking interrupt) :

(FLD blanking interrupt processing routine)

Push register to stack etc.

FLDM2(Address:371s), bit0 <«0

P1 (Address:0216), bit0-bit3 «— 00002
PO (Address:001s) <«— 0016
P3 (Address:0616) <«— 0016

3
>

Set data table for Key-scan
to P3 (Address:06 16)

Wait for Key-scan

Transfer the contents of P2
(Address:0416) to Work RAM

Renew data table pointer for Key-scan

Complete Key-scan?(Note)

Y

Set Key-scan completion flag
Initialize data table pointer for Key-scan

P3 (Address:0616) <— 0016
PO (Address:0016) <— 0016
FLDM?2 (Address:3716), bit0 <«— 1

+ Segment key-scan

- Switch the FLD automatic display pin to the
ordinary port.

- Wait until the “H” level output of port P3iD is
stabilized.

+ Read keys.

(Set the Port P2 direction register (P2D)
(Address:0516) to input mode in the
initialization.)

- Renew the data table reference pointer for the
next Key-scan.

- Set the flag for checking if the Key-scan has
been completed.

- Output “L” level from all Key-scan ports.

- Switch the FLD automatic display pin to the
automatic display mode.

Note : When the Key-scan is not completed
within the Tscan setting time, it is
divided and performed

Oi=0to7

Fig. 2.5.18 Control procedure of Segment key-scan

3819 Group USER’'S MANUAL

121



MITSUBISHI MICROCOMPUTER

3819 Group
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(2) FLD automatic display and Key-scan using digit pin

Outline : The pannel with fluorescent display (FLD) is displayed by using FLD automatic display function.
Then the key is read in with using digit output waveforms.

p3._p3, | Se9ment SUN MON TUE WED THU FRI SAT
segment | SP LP — — — - —
POo.POL = > Mrec | e (1 Te i 111 1_11_|
ﬁgijﬁgg digt K HE>D> N S T T T O O O R P
L OO OO0 OO0 OO0 OO0 OO OO0 0o
P24_P27 LEveL R OO OO OO OO OO0 OO0 OO oo
\
3819
‘group Key Pannel with fluorescent display (FLD)

matrix

s

Fig. 2.5.19 Connection diagram [FLD automatic display and Key-scan using digit pin]

Specifications : » The automatic display function is used.
« 10 digits and 10 segments are used.
e Toff = 15.27 ys, Tdisp = 244.39 s, Tscan = 0 us (at f(XIN) = 4.19 MHz)
e The FLD digit interrupt is used.
» The digit pin is used for the Key-scan.
Tdisp; ‘Tscan =0 ps
DIG(PO2) & | %
FLD djgit interrupt request occurs
DIG3(P0s3) f I ;
FLD digit interrupt request occurs
DIGa4(P04) f I - f I
: FLD digit interrupt request occurs
DIG11(P13) :
FLD digit interrupt request occurs
SEG24-SEGs3
(P30—P37,P00,P01)

Fig. 2.5.20 Timing chart [FLD automatic display and Key-scan using digit pin]
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2.5 FLD controller

FLDM1

FLDM2

FLDDP

POSDR

P2DPR

P8SPR

FLDC mode register 1 (Address:3616)

LR [o]o]e

%{—»%_/
‘—>Tscan =0 us

> Toff = 1/16 0 Tdisp = 15.27 s

> Dull the output waveform of the
High-breakdown-voltage port

FLDC mode register 2 (Address:3716)

0fo|j0(0]j0[O]|O|1

|—>Automatic display mode
Stop displaying

> Tdisp = 244.39 ps
> Set ports P11 and Plo to digit (DIG9, DIGs)

FLD data pointer (Address:3816)

.0001001

v

|

> Set the value of “the number of digits — 1”

Port PO segment/digit switch register (Address:3216)

0]0)j0|0|0|O[1 |1
« S

—> Set ports P01 and POo to segment (SEG 33, SEG32)
> Set ports PO7—P02 to digit (DIG7-DIG2)

Port P2 digit/port switch register (Address:331s)

——;
|—> Set ports P23—P20 to output-only port

Port P8 segment/port switch register (Address:341s)

ofojofo|jofo|O|O

“ J

> Set ports P87—P8o to 1/0 port

Fig. 2.5.21 Setting of related registers (1) [FLD automatic display and Key-scan using digit pin]
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Port PA segment/port switch register (Address:3516)

PASPR ojofjojojojofojo

N J
v

> Set ports PA7—PAo to ordinary port

Port P2 direction register (Address:0516)

—_

> Set ports P27—P24 to the input mode

Interrupt request register 2 (Address:3D1s)
IREQ2 0

> Set the FLD digit interrupt request bit to “0”

Interrupt control register 2 (Address:3F1is)

ICON2 01

> FLD digit interrupt : Enabled

FLDC mode register 2 (Address:3716)

FLDM2 ofojojofofoj1]1

\—> Start displaying

Fig. 2.5.22 Setting of related registers (2) [FLD automatic display and Key-scan using digit pin]
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Setting of FLD automatic display RAM :

Table 2.5.3 FLD automatic display RAM map [FLD automatic display and Key-scan using digit pin]

Address | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
OFBO16 | SEG31 | SEG3o | SEG2e | SEG2s | SEG27 | SEG2s | SEG2s | SEG24 |- DIG11(P13)
OFBl16 | SEG31 | SEG3o | SEG29 | SEG2s | SEG27 | SEG26 | SEG2s | SEG24 |- DIG1o(P12)
OFB216 | SEG31 | SEG30 | SEG29 | SEG2s | SEG27 | SEG26 SEG25 | SEG24 |- DIGe (P11)
OFB316 | SEG31 | SEG30o | SEG2e | SEG2s | SEG27 | SEG2s | SEG2s5 | SEG24 |- DIGs (Plo)
OFB416 | SEG31 | SEGao | SEG20 | SEG2s | SEG27 | SEG2s | SEG2s | SEG24 |- DIG7(P07)
OFB516 | SEGa1 | SEGso | SEG29 | SEG2s | SEG27 | SEG2s | SEG25 | SEG24 | - DIGs (POs)
OFB616 | SEG31 | SEG30 | SEG2e | SEG2s | SEG27 | SEG2s | SEG25 | SEG24 |- DIGs (POs)
OFB716 | SEG3s1 | SEG30 | SEG20 | SEG2s | SEG27 | SEG2s | SEG25 | SEG24 |- DIG4(P04)
OFB81s | SEG31 SEG30 | SEG29 | SEGz2s SEG27 | SEG26 SEG2s SEG24 | - DIG3(P03)
OFB916 | SEG31 SEG30 | SEG29 | SEG2s SEG27 | SEG26 SEG25 SEG24 |- DIG2(P02)
OFBA1s6
OFBB1s
OFBC1s
OFBD1s
OFBE1s
OFBF16
OFCO16 SEGss | SEGs2 |- DIG11(Pla)
OFC1l16 SEG33 | SEG32 |- DIG1o(P12)
OFC216 SEGs3 | SEGs2 |- DIGe(P11)
OFC316 SEGss | SEGs2 |- DIGs(Plo)
OFC416 SEG3s | SEGs2 |- DIG7(P07)
OFC516 SEG33 | SEGs2 |- DIGs (POe)
OFC616 SEGss | SEGs2 |- DIGs (PO0s)
OFC716 SEG33 | SEGs2 |- DIG4(P0as)
OFC816 SEG33 | SEGs2 |- DIG3(P03)
OFC916 SEGss | SEGs2 |- DIG2(P02)

:l : Area which is used to set a display value

:l : Area which is available as ordinary RAM
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FLD digit allocation :

DIGa I DIGs : DIGs IDIG7I DIGs I DIGo :DIGlol DIG11
i i SUNiMONiTUE WEDiTHU FRIESAT i
SP LP ! ! oo ! /7 ! a
I —_ - N == = — —
> [l rec | [ lie | Ll Tel KT L 1 | f| |b
[ i T T A T g
WmED> | U e s, 9
L L 00 00 00 00 00 00 00 _00]oe € | |C
LEvEL R OO OO OO0 OO0 OO0 OO0 00 00 |oie T

Fig. 2.5.23 Example of FLD digit allocation [FLD automatic display and Key-scan using digit pin]

Table 2.5.4 FLD automatic display RAM map example  [FLD automatic display and Key-scan using digit pin]

Address | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

0FBO016 CH g f e d c b a - DIG11 (P13)
OFB116 SAT g e d c b a - DIG10 (P12)
0FB216 FRI g f e d c b a - DIGe (P11)
0FB316 | WED g f e d c b a - DIGs (P1o)
OFB416 | MON g f e d c b a - DIG7 (P07)
OFB516 | SUN g f e d c b a - DIGs (P0s)
OFB616 — g f e d c b a - DIGs (P0s)
oFB7is [ W <K > Il > REC SP LP__ [~ DIG4(P04)
OFB816 oo oo oo oo oo oo oo oo - DIG3 (P03)
OFB91s | OO oo oo oo oo oo oo OO0 |- DIG2(P02)
OFBA16

OFBB16

OFBCis

OFBD16

OFBE16

OFBF16

OFCO16 - DIG11 (P13)
OFClis PM AM - DIG1o (P12)
0FC216 THU |- DIGe (P1y)
0FC316 TUE |- DIGs(Plo)
OFC41s . - DIG7 (P07)
OFCb16 . - DIGs (POs)
OFC616 - DIGs (PO0s)
OFC716 - DIG4 (P04)
OFC816 L - DIG3 (P03)
OFC916 R LEVEL |- DIG2(P02)

:l : Unused
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Control procedure :
Figure 2.5.24 shows a control procedure.

( RESET )
Initialization
F-LDMl (Address:3616) «— 100000002 - Set the related functions for the FLD automatic
FLDM2 (Address:3716) «<— 000000012 display.
FLDDP (Address:3816) «— 000010012
POSDR (Address:3216) «<— 000000112 - Set segment/digit/port.

P2DPR (Address:3316) «— 000000002

P8SPR (Address:3416) «— 000000002

PASPR (Address:3516) «<— 000000002

P2D  (Address:0516) «— 000000002 - Set the bits 7 to 4 of the Port P2 direction register
: used for the Key- scan to the input mode.

FLD automatic
display RAM
(Address:0FB016 to 0FC916)

IREQ2 (Address:3D 1), bit6 «—0 - Set the FLD digit interrupt request bit to “0”.

Wait for 1 or more cycles

<«— adatato be - To turn on the display of the corresponding segment : set to “1”
displayed - To turn off the display of the corresponding segment : set to “0”
(Note)

- Wait until completing to write data to the FLD
digit interrupt request bit.

ICON2 (Address:3F 16), bit6 <—1 - FLD digit interrupt : Enabled
FLDM2 (Address:3716), bitl «<—1 - Start the FLD automatic display.
~ Note : The display data is rewritten at any time.

Fig. 2.5.24 Control procedure [FLD automatic display and Key-scan using digit pin]
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Digit key-scan (FLD digit interrupt) :

( FLD digit interrupt processing routine ) - Digit key-scan

Push register to stack etc.

* Wait until the digit output is stabilized since
Wait for Key-scan the digit output waveform may dull because of
the printed circuit board (PCB) pattern wiring
length or other factors.

Transfer the contents of P2 - Read keys.

(Address:0416) to Work RAM (Set the Port P2 direction register (P2D)
(Address:0516) to the input mode in the
initialization.)

Store the contents of Work RAM
into buffer

Fig. 2.5.25 Control procedure of Digit key-scan
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(3) FLD display by software (example of without using FLD controller)
Outline : The FLD display and the key read-in are performed by using timer interrupts.
P0.—PO0y | digit SUN MON TUE WED THU FRI SAT
Plo-P13 SP LP _ - — _ —
poopos | oo™ | D> M Rec _|_Le I_HI_Te l I 11
segment
P3op3s | D K> I Lo T T Ted T Teml 11 I,
L OO0 OO0 OO0 OO0 00 OO0 OO0 oo
P24—P27 LEvEL R OO OO OO OO0 OO OO OO0 oo
|
3819 group
Key Pannel with fluorescent display (FLD)
matrix

Fig. 2.5.26 Connection diagram [FLD display by software]

Specifications : * The display is controlled by software.
« 10 digits and 10 segments are used.
e The Timer 1 interrupts are used.
» The segment pin is used for Key-scan.

Fig. 2.5.27 shows a timing chart of FLD display by software, and Fig. 2.5.28 shows an enlarged view of Key-scan
of ports P30 to P37.

P02 - I [ I

P03 [ I [ I

P04

P1s

P30—P37,
P0o,P01

Key-scan

Fig. 2.5.27 Timing chart [FLD display by software]
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The waveform shown below is created by software, and the Key-scan is performed.
O
P31 —,_l
932 | |
par : I S

Fig. 2.5.28 Enlarged view of Key-scan of ports P3 0 to P37

Figure 2.5.29 shows a setting of related registers.

FLDC mode register 2 (Address:3716)

FLDM2 . ofo
\—>Ordinary mode
Stop displaying

FLDC mode register 1 (Address:3616)

FLDM1

> Dull the output waveform of the
High-breakdown-voltage port

Port P2 direction register (Address:0516)

> Set ports P27—P2a4 to the input mode

Fig. 2.5.29 Setting of related registers [FLD display by software]
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FLD digit allocation :
DIG4 : DIGs : DIGs :DIG7: DIGs I DIGo :DlGlD: DIG11
i i SUNiMONiTUE WEDETHU FRIiSAT i
SP LP [ [ N | e | a
I _— —_— \] — ] — ( —_— ] — —
> MRrec | _ | _Iie I_I:I_I O:I_lll_: R fl |b
4 T : I_IE o | Il e I_Ii I_H’SW_I;I_ICH —
L [ 00 OO0 00 oo 00 oo oo ogloe. el |c
LeveL R OO OO OO OO OO OO0 OO0 OO0 |(pe: T

Fig. 2.5.30 Example of FLD digit allocation [FLD display by software]

Table 2.5.5 FLD automatic display RAM map example [FLD display by software]
(Automatic display is not performed because of not using FLD controller)

Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

OFBO16 CH g f e d c b a - DIG11 (P13)
OFBlis | SAT g e d c b a |- DIG1wo(P12)
0FB216 FRI g f e d c b a - DIG9 (P11)

OFB31 | WED g f e d c b a |- DIGs(Plo)

0FB416 | MON g f e d c b a - DIG7 (P07)

OFB516 | SUN g f e d c b a |- DIGs(POs)

OFB616 — g f e d c b a |- DIGs(POs)

OFB716 [ | <K P> 00 > REC Sp LP___ |- DIG4(PO0a4)

OFB816 oo oo oo oo oo oo oo oo - DIG3 (P03)

OFB916 oo oo oo oo oo oo (m|m| oo - DIG2 (P02)

OFBA16

OFBB16

OFBC1s

OFBD16

OFBE16

OFBF16

OFCO016 - DIG11 (P13)
OFCl16 PM AM |- DIG10 (P12)
OFC216 THU - DIGg (P11)

OFC31s6 TUE - DIGs (P10)

OFC416 . - DIG7 (P07)

OFC516 . - DIGs (PO0s)

OFC616 _. DIGs (P0s)

OFC716 - DIG4 (P04)

OFC816 L - DIG3 (P03)

OFC916 R LEVEL |- DIG2(P02)

|:| : Unused
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Control procedure :
Figure 2.5.31 shows a control procedure.

C RESET )

Initialization

FLDM1 (Address:361s), bit7 <1
FLDM2 (Address:3716), bitl, bit0 <—002

P2D  (Address:0516) <— 000000002 - Set the bits 7 to 4 of the Port P2 direction
: register used for the Key-scan to the input
mode.
X
( Timer 1 interrupt processing routine ) - Segment key-scan

Push register to stack etc.

PO (Address:001e) <«— 0016 - FLD display : OFF

P1 (Address:021s), bitO-bit3 <«— 00002

P3 (Address:0616) <— 0016

Complete to display all digits?

> Y PO (Address:001s), bit0, bitl «— segment
P3 (Address:06 16) data

Set data table for Key-scan |

to port P3 (Address:06 16)

T PO (Address:001s),bit2—bit7 «— digit

Wait until the P1 (Address:0216),bit0O-bit3 data
“H” level output Wait for Key-scan )
of port P3 is -~
stabilized. | Read keys
&3211?823’?&2};?52&P2 (Set the Port P2 direction register (P2D)
. (Address:0516) to the input mode in the
| initialization.)

Renew data table pointer for Key-scan

Complete Key-scan?

v

( RTI )

Fig. 2.5.31 Control procedure [FLD display by software]
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2.5 FLD controller

Outline : The 5 O 7 dot display is performed by using the FLD automatic display function.

HOOCE DJNEEC DEEEC] OOEC0 DEEED EEEEE BCO0OE ODOmR00 00000 00000 00000 0000l SAEEE EEEEC
HE(EE EOOOE EO0O0OE OEEC0 000 O000E ERCEE DORCOEC 00000 ROO0E R000E R0O00OE R0000 a0o0m
HOECE O000E RCO0OE OORC0 EC00E OOCED EORCOE ROC0OE D0O000 ORCECD ORCE0D ORCEC B0000 Rooom
HOOOHE ONEEC] DEEEC] OOEC00 OEEEE OOEC0 E000E SEEEE EEEEE O ORC0 OOmgo OOmt0 SEEEC) EEEEC
HOOOE OO0 ROo00OE DDIDD OOooOm OOEO0 RO0O0OR E000OE 00000 COeCOEc DECOEC) COECOEC 10000 0000
HOOOCE EOOCOE RooOm O 00O OOoOE OOEDO 00O R000OE 00000 a00CE 000 00O R0O0O0 mgooo
HOOOE CEEEC] eEEEC] DIIID Dm0 OOE0O0 EOO00O" E000Om 00000 OO0O0O0 00000 ooooo eoodo o000 0oooo ooodo
35 segments
SEGo-SEGa|—
16 digits
DIG4-DIG19
3819 group
Fig. 2.5.32 Connection diagram [5 [0 7 dot display]
Specifications : » The automatic display function is used.
« 16 digits and 35 segments are used.
e Toff = 288 ps, Tdisp =512 s, Tscan = 512 ps (at f{(XIN) = 8 MHz)
Figure 2.5.33 shows a timing chart of FLD automatic display.
DIGa4 (P0a4) - I [ I
DIGs (P0s) [ I [ I
DIGs (POs)
DIG19 (P23)
SEGo-SEGss
(PA0—PA7,
P80—P87,
P90—P97,
P30-P37,
P0o—PO02)

Fig. 2.5.33 Timing chart [5 [0 7 dot display]
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Figures 2.5.34 and 2.5.35 show a setting of related registers.

FLDC mode register 1 (Address:3616)

FLDM1 0 1]10({0(0]0]0

|—>Tscan =512 ps

> Toff = 9/16 O Tdisp = 288 us

> High-breakdown-voltage port drivability : Strong

FLDC mode register 2 (Address:3716)

FLDM2 0jo0Jj0Jj0J1]11|0]12

|—>Automatic display mode
Stop displaying

» Tdisp = 512 us

> Set ports P11 and P1o to digit (DIG9, DIGs)

Port PO segment/digit switch register (Address:32 16)
POSDR ojofojoj1j1(1|1

\'a

|—> Set ports P03—P0o to segment (SEG 35—SEG32)

(However, SEGss is unused.)

> Set ports PO7—P0a4 to digit (DIG7-DIGa)

Port P2 digit/port switch register (Address:3316)

P2DPR -1 111(1

;\/—J

I—’ Set ports P23—P2o to digit (DIG19-DIG16)

Fig. 2.5.34 Setting of related registers (1) [5 0O 7 dot display]
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Port P8 segment/port switch register (Address:341e)
P8SPR I 1 I T I I

[N

> Set ports P87—P8o to segment (SEG15—SEGs)

Port PA segment/port switch register (Address:3516)
PASPR 111211212

“ v
Y

> Set ports PA7—PAo to segment (SEG7—SEGo )

FLD data pointer reload register (Address:3816)
FLDDP .0001111

Y

> Set the value of “the number of digits — 1”

FLDC mode register 2 (Address:3716)
FLDM2 o|jofojof1)1f1j1

‘—> Start displaying

Fig. 2.5.35 Setting of related registers (2) [5 0O 7 dot display]
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Setting of FLD automatic display RAM :

Table 2.5.6 FLD automatic display RAM map [5 O 7 dot display]

i i i Bit 4 Bit 3 Bit 2 Bit 1 Bit O

Address Bit 7 Bit 6 Bit 5 ' DiGis (P2
T = DIG1s (P22
gE e - DIG17 (P21
ZEase Z DIG16 (P20
o = DIGis (P17
e - DIG14 (P1s
o - DIGus (P1s
SEoos — 12 4
QE8 1 SEG7 | SEGe | SEGs SEGs | SEGs SEG2 SEG1 SEGo | - gig%p1?
gERRu = DIG1o (P1>
SRR - DIGy (P11
JERou ~ DIGs (P10
o - DIG7 (P07
SEas” _ DIGs (POs
gER ~ DIGs (POs
e - DIGa4 (PO4
B ~ DIG19 (P23
e = DIGis (P22
B - DIG17 (P21
e ~ DIG16 (P20
gER - DIG1s5 (P17
SEat ~ DIG14 (P16
828215 - %813 5%5
=2 — 12 4
QE971c SEG1s | SEGis | SEGis [ SEGi2 | SEGu | SEGwo | SEGe | SEGs | ~3,&8%tp1e
T = DIG10 (P12
SR - DIGo (P11
oEase ~ DIGs (P10
o - DIG7 (PO7
T _ DIGs (POs
e " DIGs (POs
e - DIGa4 (PO4
s ~ DIG10 (P25
v - DIG1s (P22
JEaLe ~ DIG17 (P21
gERge ~ DIG1s (P20
T - DIG1s5 (P17
SEame = DIG1a (P1s
o SpeiRE
FATs — 12 4
QFA 72 SEG23 | SEG22 [ SEGa1 | SEGz0 | SEGie | SEGis | SEG17 [ SEGus | — Bi®12 {1
SRk - DIG1o (P12
A Z DIGo (P11
OEAs = DIGs (P10
SEhc - DIG7 (PO~
JEAS ~ DIGs (POs
7 = DIGs (POs
e - DIGa4 (PO4
OrE0 ~ DIG1s (P22
JEp - DIG1s (P22
OFBs- ~ DIG1r (P21
e = DIG1s (P2
ST - DIG15 (P17
e = DIG1a (P16
. Rl
FB7c N 12 4
Q8 e SEG31 | SEGso | SEG2e | SEGzs | SEG2r | SEGzs | SEG2s | SEGza | 38“ ae
= — 10 2
T ~ DIGo (P11
o ~ DIGs (P10
Oraes = DIG7 (P07
Ores ~ DIGé (P06
i - DIGs (POs
o Z DIG4 (PO:
e ~ DIG1e (P25
e - DIG1s (P22
Iz = Dié (P51
iZeem Z DIG16 (P20
e - DIG1s5 (P17
Jrces Z DIG14 (P16
828216 - DIG13 (P1s
QEC T1e SEGs34 | SEGss | SEGs2 | - ggﬁ g%g
JEcae - DIG1o (P12
OFC9:6 - Bl& =
gEce™ - DIGs (Plo
Orces - DIG7 (PO~
OFco- ~ DIGs (P06
xeEm - DIGs (o
OFCFi6 = DIGa 4

:l : Area which is used to set a display value
:l : Area which is available as ordinary RAM
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FLD digit allocation :

DIG4 : DIGs 3 DIGs : DIG7 : DIGs: DIGo : DIG1o: DIG11: L1 01 1 [ ]
EEEDI ' Egigéiéé;i ééégég'mm'.m'mi SEGo SEG: SEG2 SEGs SEGs
Haiee | e e R .
Hess fijeme [iame faematsame oo oot SEGs SEGs SEG7 SEGs SEGs

PR = 0 O O O O
A e et UGS | e | alan: DNGe f Phate SE S0 SEGn SEB:z SEGis SEB
DDDDDEID O -EC00ON: -B00O D D D D D
AP Lot SN HURGE B A SEG SEG1SECw SEGw SEGe
S A e e s J o J 0 4

: : : : : SEG20 SEG21 SEG22 SEG23 SEG24

O O O O O
SEG25 SEG26 SEG27 SEG28 SEG29
O O O O O
SEG30 SEG31 SEG32 SEG33 SEG34
Fig. 2.5.36 Example of FLD digit allocation and segment arrangment
Setting example of display data (in case of using DIG  11) :
DIG11
oomon
Pl
el
i
Address Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
0F8016 0 0 0 0 0 0 0 0
’ il I ! ! ! ! | !
OF8516 0 0 0 0 0 0 0 0
OF8616 0 1 0 0 0 1 0 0 — DIG11 (P14)
OF8716 0 0 0 0 0 0 0 0
: il - ! ! ! ! ! !
OF9516 0 0 0 0 0 0 0 0
0F9616 1 1 0 0 0 1 0 1 - DIG11 (P14)
OF9716 0 0 0 0 0 0 0 0
: il - ! ! ! ! ! !
OFAb516 0 0 0 0 0 0 0 0
OFAG16 0 0 0 1 1 1 1 1 - DIG11 (P14)
OFA716 0 0 0 0 0 0 0 0
’ Pl I ! | ! ! | !
OFB516 0 0 0 0 0 0 0 0
OFB616 0 1 1 0 0 0 1 1 - DIG11 (P14)
OFB716 0 0 0 0 0 0 0 0
1 il - ! ! ! ! ! !
OFBF16 0 0 0 0 0 0 0 0
OFCO016 1 0 0
; ! ! 1
OFC516 0 0 0
OFC616 1 0 0 —, DIG11 (P14)
OFC716 0 0 0
1 ] : : il | !
OFCF16 | I | | | [ o o | o

I:l : Unused

Fig. 2.5.37 Setting example of display data (in case of using DIG

11 pin)
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Control procedure :
Figure 2.5.38 shows a control procedure.
( RESET )

Initialization

FLDM1 (Address:3616) <— 001000012 - Set the related functions for using the FLD

FLDM2 (Address:3716) <«— 000011012 automatic display.

POSDR (Address:3216) <— 000011112

P2DPR (Address:3316) <— 00001111 - Set segment/digit/port.

P8SPR (Address:3416) «— 111111112

PASPR (Address:3516) «— 11111111>

FLDDP (Address:3816) <— 000011112

FLD automatic datato b

display RAM adatato be - To turn on the display of the corresponding segment : set to “1”

(Address:0F801s to OFCF1s) displayed + To turn off the display of the corresponding segment : set to “0”

| (Note)
FLDM2 (Address:371s), bitl <— 1 - Start the FLD automatic dislay
-~ Note : The display data is rewritten at any time.

Fig. 2.5.38 Control procedure [5 [0 7 dot display]
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2.6 Interrupt interval determination function

2.6.1 Related registers

Interrupt interval determination register

b7 b6 b5 b4 b3 b2 bl b0

Interrupt interval determination register (1ID) [Address:301s]

Function

At reset

- Falling edge interval
- Rising edge interval
- Both-sided edge interval

This register is read-only.

\llmlmlhlwll\zlplo w

This register stores the values obtaind by counting the
following interval with a counter sampling clock.

(selected by the interrupt edge selection register)

2

S SN SR EVE OV ENY BN
O[O[O]|O|0|O|O|O|™
olojolo(o|jo|o|gols

Note : When the noise filter sampling clock selection bits (bits 2 and 3) of the
Interrupt interval determination control register (IIDCON) (Address: 31 16) is
set to “00” (when no noise filter is used), the both-sided edge detection

function is not available.

Fig. 2.6.1 Structure of Interrupt interval determination register

Interrupt interval determination control register

b7 b6 b5 b4 b3 b2 bl b0

Interrupt interval determination control register (IIDCON) [Address:3lie]

B Name Function Atreset| R [wW
0 |Interrupt interval determination |0 : Stopped o |olo
circuit operating selection bit |1 : Operating
1 |Counter sampling clock 0 : f(Xin)/256 o |olo
selection bit 1: f(Xin)/512
2 | Noise filter sampling clock 00 : Filter stop 0 |O|O
| | selection bits (INT2) 01 : f(Xin)/64
3 10 : f(Xin)/128 o |olo
11 : f(Xin)/256
4 | One-sided/both-sided edge 0: One-sided edge detection 0 |OoloO
detection selection bit 1 : Both-sided edge detection  (Note)
| 5 | Nothing is allocated for these bits. These are write disabled bits. 0 9]0
| 6_| When these bits are read out, the values are "0." 0 _|of0
7 0 [O]|O

Note : When the noise filter sampling clock selection bits (bits 2 and 3) of the
Interrupt interval determination control register (IIDCON) (Address: 31 16)
set to “00” (when no noise filter is used), the both-sided edge detection

function is not available.

is

Fig. 2.6.2 Structure of Interrupt interval determination control register
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Interrupt edge selection register

b7 b6 b5 b4 b3 b2 bl b0

Interrupt edge selecton reigster (INTEDGE) [Address:3A1s]

I I I I I I I I

i i i i i i i i b Name Function Atreset| R [W

-1 I Lo [INTointerrupt edge selection (O : Falling edge active 0 0

[ bit 1 : Rising edge active

B i L 1 | INT2/ZCR interrupt edge 0 : Falling edge active 0 (0)

I A selection bit 1 : Rising edge active

o L] 2 |INTz interrupt edge selection |0 : Falling edge active 0 o

. bit 1 : Rising edge active

Lo L] 3 [INTz interrupt edge selection |0 : Falling edge active 0 o

. bit 1 : Rising edge active

T 4 | INTz interrupt edge selection |0 : Falling edge active 0 1o

b bit 1 : Rising edge active

o] 5 [INT4/A-D conversion interrupt |0 : INT4 interrupt 0 o

. switch bit 1 : A-D conversion interrupt

| L ,,,,,,,,,,,,,,, 6 | CNTRo pin active edge switch |0 : Falling edge active 0 o

} bit 1 : Rising edge active

L 7 |cNTR: pin active edge switch |0 : Falling edge active 0 o
bit 1 : Rising edge active

Fig. 2.6.3 Structure of Interrupt edge selection register
Interrupt request reqgister 1
b7 b6 b5 b4 b3 b2 bl b0

N S N [ S Interrupt request reigster 1 (IREQ1) [Address:3Cuis]

i i i i i i i i B Name Function At reset

1| L]0 [INTointerrupt request bit 0 : No interrupt request 0 O

[ N 1 : Interrupt request

| | | | | | | 3

~0 0L [1|INTW/ZCR interrupt request bit 0 : No interrupt request 0 O

Lo 1 : Interrupt request

| | | | | | .

. 2 |* INTz interrupt request bit 0 : No interrupt request 0 0

o e - Remote control/counter 1: Interrupt request

oo overflow interrupt request bit

T 3 |+ Serial I/0 1 interrupt request |0 : No interrupt request 0 0

T bit 1 : Interrupt request

Fo * Serial /0 automatic transfer

o interrupt request bit

| | | | 3

A 4 | Serial I/O 2 interrupt request |0 : No interrupt request 0 O

(I bit 1 : Interrupt request

ol L 5 | Serial 1/0 3 interrupt request |0 : No interrupt request 0 O

Lo bit 1 : Interrupt request

| L ____ 6 | Timer 1 interrupt request bit |0 : No interrupt request 0 0O

| 1 : Interrupt request

e 7 | Timer 2 interrupt request bit |0 : No interrupt request 0 0

1 : Interrupt request

O "0"is set by software, but not "1."

Fig. 2.6.4 Structure of Interrupt request register 1
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Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register 1 (ICON1) [Address:3E1s]

I I I I I I I I

i i i i i i i i B Name Function At reset w

011 1 L0 |INTointerrupt enable bit 0 : Interrupt disabled 0 o)

[ N 1 : Interrupt enabled

| | | | | | | 3

~ 11 1 1 L |[1]INTY/ZCR interrupt enable bit |0 : Interrupt disabled 0 o)

T T B 1 : Interrupt enabled

} } } } } } 2 |* INT2 interrupt enable bit 0 : Interrupt disabled 0 @)

e - Remote control/counter 1: Interrupt enabled

oo overflow interrupt enable bit

I 3 |- Serial /O 1 interrupt enable |0 : Interrupt disabled 0 )

R R I bit 1 : Interrupt enabled

I * Serial /0 automatic transfer

oo interrupt enable bit

| | | | 5

N 4 | Serial I/0 2 interrupt enable |0 : Interrupt disabled 0 o}

Lol bit 1 : Interrupt enabled

R 5 | Serial I/0 3 interrupt enable 0 : Interrupt disabled 0 0

b bit 1 : Interrupt enabled

A T 6 [ Timer 1 interrupt enable bit 0 : Interrupt disabled 0 o)

| 1 : Interrupt enabled

L 7 | Timer 2 interrupt enable bit |0 : Interrupt disabled 0 o)
1 : Interrupt enabled

Fig. 2.6.5 Structure of Interrupt control register 1
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2.6.2 Interrupt interval determination function

Reception of remote-control signal

Outline : Remote-control signal is read in by both of the interrupt interval determination function using a
noise filter and a timer interrupt.

A

P42/INT2 Er?if'ever @ < |:| HEEEE

oooo

Remote-control

3819 group

Fig. 2.6.6 Connection diagram [Reception of remote-control signal]

Specifications : ¢ Operation at f(XIN) = 8 MHz in the high-speed mode.
» The one-sided edge interval is measured.
* The noise filter is used.
» The remote control interrupt request is checked within the timer 2 interrupt (488 us cycle)
processing routine.

Figure 2.6.7 shows a function block diagram, and Figure 2.6.8 shows a timing chart of data determination.

Microcomputer hardware Microcomputer software

Reciever |: Interrupt interval D L
. N ica fi L) P |+ y|Determination | ), P BN
unit ! Noise filter Eeeéiesrtrg;nanon ™ of header or 0/1| ] 1-DYte reception Data check
"+ Eliminate noise + One-sided edge " +Read out a register « Recognition of
+ One-sided edge interval judgment « Compare the readout each code
detection value with the reference

value

Fig. 2.6.7 Function block diagram [Reception of remote-control signal]
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2.6 Interrupt interval determination function

Input (INT2) _’7 ”_LF ”_L
(Overflow)

iterrupt request l | I 1l
\ LN N AN

Timer interrupt (A A A A A A e A A

(488 ps)

Read interrupt interval

determination register é L L & L L L

Data determination  Ignore Header 0 1 1 Ignore Ignore

«—>

Check of an excess bit

Fig. 2.6.8 Timing chart of data determination
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Figure 2.6.9 shows a setting of related registers.

CPUM

INTEDGE

IDCON

IREQ1

ICON1

IID

CPU mode register (Address:3B1s6)

0

Interrupt edge selection register (Address:3Au1s)

0

Interrupt interval determination control register (Address:311s)

—> INT2 pin : Falling edge active

(LT

0

111

1

[——

\—Nnterrupt interval determination circuit operating
Counter sampling clock : f(Xin)/512

— > Noise filter sampling clock : f(Xin)/128

> Main clock division ratio : select the high-speed
mode.

Interrupt request register 1 (Address:3Cis)

1

Interrupt control register 1 (Address:3Eze)

;) Determination of the remote-control

0

Interrupt interval determination register (Address:301e)

|—> Remote-control interrupt : Disabled

> One-sided edge detection

interrupt request bit
(Counter overflow interrupt request bit)

(Counter overflow interrupt : Disabled)

> Determine header or data (0 or 1) with this value

Fig. 2.6.9 Setting of related registers [Reception of remote-control signal]
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Control procedure :  When the registers are set as shown in Figure 2.6.9, remote-control signals are receivable.

Figure 2.6.10 shows a control procedure and Figure 2.6.11 shows reception of remote-control
signal (Timer 2 interrupt).

C RE|SET )

Initialization

SEI

CPUM  (Address:3Buis), bit6<— 0
INTEDGE (Address:3Azs), bit2<— 0
IIDCON (Address:311s) <«<— 000101112
IREQ1 (Address:3Czis), bit2<— 0

NOP

ICON1 (Address:3Ezs), bit2<— 0

CLI

3

Fig. 2.6.10 Control procedure (1) [Reception of remote-control signal]
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Timer 2 interrupt

Push register to stack etc.

Input edge?

Y

Clear edge

During checking an excess bit?

v

“Number of bits” error
(An excess bit is found)

During checking an excess bit?

v

( RTI

Read IID (Address : 0030 16)

An excess bit determined
counter over?

v

Time error

v

( RTI

Out of range of O or 1

Time error

v

( RTI

IID (Address : 003016) = FF?2

Fixed data

l¢

V

RTI )

Y

Starting to receive a data etc.

In range of O

RTI )

CYy <0

Shift a reception data

Complete to receive?

Start chacking an excess bit

(

Fig. 2.6.11 Control procedure (2) [Reception of remote-control signal] (Timer 2 interrupt)
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2.7 Zero cross detection circuit

2.7.1 Related registers

Zero cross detection control register

b7 b6 b5 b4 b3 b2 bl bO

Zero cross detection control register (ZCRCON) [Address:391¢]

B Name Function Atreset| R [W
0 |Zero cross detection ON/OFF |0 : Without passing through zero 0 |[O]O
selection bit cross detection comparator
1 : Passing through zero
cross detection comparator
1 | Nothing is allocated for this bit. It is a write disabled bit. 0 olo
When this bit is read out, the value is "0."
2 | Noise filter sampling 00 - Note use noise filter 0 |Oofo
|| clock selection bits 01 : f(XiN)/64 or f(Xcin)/64
3 [(INTy) 10 : f(Xin)/128 or f(Xcin)/128 0 |o]o
11 : f(XiN)/256 or f(Xcin)/256
4 |One-sided/both-sided edge |0 One-sided edge detection 0 |o|o
detection selection bit 1: Both-sided edges detection (Note)
| 5 | Nothing is allocated for these bits. These are write disabled bits. o |©(0
6 | When these bits are read out, the values are "0." (o} In]
7 | Zero cross detection circuit 0:Lessthan OV o |olo
input bit (read-only) 1:0V or more

Note : When the noise filter sampling clock selection bits (bits 2 and 3) of the Zero

cross detection control register (ZCRCON) (Address: 39 16) is set to “00” (when
no noise filter is used), the both-sided edge detection function is not available.

Fig. 2.7.1 Structure of Zero cross detection control register

Interrupt edge selection reqister

b7 b6 b5 b4 b3 b2 bl b0

Interrupt edge selecton reigster INTEDGE) [Address:3Ais]

b Name Function Atreset | R |W

0 [INTo interrupt edge selection |0 : Falling edge active o |lolo
bit 1 : Rising edge active

1 |INT2/ZCR interrupt edge 0 : Falling edge active o lolo
selection bit 1 : Rising edge active

2 [INTz interrupt edge selection |0 : Falling edge active 0 |olo
bit 1 : Rising edge active

3 [INTs interrupt edge selection |0 : Falling edge active 0o |olo
bit 1 : Rising edge active

4 [INT4 interrupt edge selection |0 : Falling edge active o |lolo
bit 1: Rising edge active

5 [INT4/A-D conversion interrupt |0 : INT4 interrupt 0o |olo
switch bit 1 : A-D conversion interrupt

6 |CNTRo pin active edge switch |0 : Falling edge active o |lolo
bit 1 : Rising edge active

7 |CNTR: pin active edge switch |0 : Falling edge active o |olo
bit 1 : Rising edge active

Fig. 2.7.2 Structure of Interrupt

edge selection register
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Interrupt request register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request reigster 1 (IREQ1) [Address:3Cis]

I I I I I I I I
|

i i i i i ! i i B Name Function Atreset | R |W

L 1| Lo [INTointerrupt request bit 0 : No interrupt request 0 |o|o

[ N 1 : Interrupt request

| | | | | | |

} } } } } } I ___|1 |INT1/ZCR interrupt request bit |0 : No interrupt request 0 olo

[ N N 1 : Interrupt request

| | | | | | g

. 2 |- INTz interrupt request bit 0 : No interrupt request 0 |O|o

R - Remote control/counter 1 : Interrupt request

oo overflow interrupt request bit

ol 3 |+ Serial I/0 1 interrupt request |0 : No interrupt request 0 olo

T R R I bit 1 : Interrupt request

b + Serial 1/0 automatic transfer

bl interrupt request bit

| | | | 5

[ 4 | Serial I/O 2 interrupt request |0 : No interrupt request 0 |olo

Lol bit 1 : Interrupt request

R 5 |Serial I/0 3 interrupt request |0 : No interrupt request o |olo

b bit 1 : Interrupt request

R 6 | Timer 1 interrupt request bit |0 : No interrupt request 0 |o|o

} 1 : Interrupt request

L 7 | Timer 2 interrupt request bit |0 : No interrupt request 0 |ol|o
1 : Interrupt request

0 "0"is set by software, but not "1."
Fig. 2.7.3 Structure of Interrupt request register 1
Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl b0

S N TN N [ S - Interrupt control register 1 (ICON1) [Address:3Ezs]

| | | | | | | | .

Lo B Name Function Atreset | R | W

1 11 Lo [INTointerrupt enable bit 0 : Interrupt disabled 0 |Oo|o

A 1 : Interrupt enabled

| | | | | | L

L1 L___|1|INTYZCR interrupt enable bit |0 : Interrupt disabled 0 |olo

[ 1 : Interrupt enabled

R 2 |- INTz interrupt enable bit 0 : Interrupt disabled 0 |ofo

A + Remote control/counter 1 : Interrupt enabled

I overflow interrupt enable bit

I 3 |- Serial I/O 1 interrupt enable |0 : Interrupt disabled 0 |olo

T S I bit 1 : Interrupt enabled

[ N * Serial /0 automatic transfer

Lol interrupt enable bit

| | | | "

S S 4 | Serial I/0 2 interrupt enable |0 : Interrupt disabled 0 |O|O

Lo bit 1 : Interrupt enabled

o L] 5 | Serial I/O 3 interrupt enable 0 : Interrupt disabled o |olo

b bit 1 : Interrupt enabled

Lo 6 | Timer 1 interrupt enable bit 0 : Interrupt disabled o |olo

| 1 : Interrupt enabled

L 7 | Timer 2 interrupt enable bit 0 : Interrupt disabled 0 |olo
1 : Interrupt enabled

Fig. 2.7.4 Structure of Interrupt control register 1
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2.7.2 Connection example of Zero cross detection circuit

Figure 2.7.5 shows a connection example of the Zero cross detection circuit.

R1 is a current limiting resistor. Determine its value according to the current standard of the clamp diode. In this
case, the AC input is not the effective value of 100 V but is the peak value of 140 V.

R2 is a noise elimination resistor. Connect a resistor of about 1 kQ near the port.

L Vcc
Effective value Peak value
140 V R1 R2
AC 100V F PASINTUZCR
-140V
r Vss
3819 group

Fig. 2.7.5 Connection example of Zero cross detection circuit
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2.7 Zero cross detection circuit

2.7.3 Zero cross detection circuit application example 1

Clock count using ZCR interrupt (without using a noise filter)

Outline : The clock is counted up every second by using the ZCR interrupts.
Specifications : ¢ The noise filter is not used.
« The commercial frequency (50 Hz or 60 Hz) is input.
 The clock is counted up by using the ZCR interrupts.

Figure 2. 7. 6 shows a setting of related registers.

Zero cross detection control register (Address:391s)

> Noise filter sampling clock : without using a noise filter

Passing through the zero cross detection circuit ( Note)

Interrupt edge selection register (Address:3A1s)

INTEDGE 0
‘—>ZCR active edge : Falling edge active ( Note)
Interrupt request register 1 (Address:3C1e)
IREQ1 0

\—> Set the INT1/ZCR interrupt request bit to “0”

Interrupt control register 1 (Address:3Eze)

ICON1 . 1
; INT1/ZCR interrupt : Enabled

Interrupt request register 1 (Address:3Cze)

IREQ1 .

; ZCR interrupt request

When changing the values of bit 0 of the zero cross detection control register and bit 1 of the
interrupt edge selection register, make sure the following contents.

1. During changeing, set bit 1 of the interrupt control register 1 to “0".

2. After changeing, set bit 1 of the interrupt request register 1 to “0”.

Note :

Fig. 2.7.6 Setting of related registers [Clock count using ZCR interrupt (without using a noise filter)]
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Control procedure : [ Set the related registers according to Figure 2.7.6.
O At the falling edge of the commercial frequency (50 Hz or 60 Hz), the ZCR interrupt occurs.
O The clock is counted up every second in the ZCR interrupt processing routine.

Figure 2.7.7 shows a control procedure.

( RESET )
|

Initialization

SEI - All interrupts : Disabled

CLT

CLD

CPUM  (Address:3B1s), bitb «— 0 - Main clock division ratio : select the high-speed

: mode

ZCRCON(Address:3916) «<— 000000012 - Setting of the Zero cross detection control register
IREQ1 (Address:3Cis), bitl<«—0 - Set the INT1/ZCR interrupt request bit to “0”
NOP

ICON1 (Address:3Ezis), bitl «— 1 - ZCR interrupt : Enabled

1 second counter <— 50(60) - Input 50 Hz (60 Hz)

(Internal RAM)

CjLI - Interrupts : Enabled

k3
( ZCR interrupt processing routine )
|
CLT (Note 1) Note 1 : When using the index X mode flag (T).
CLD (Note 2) Note 2 : When using the decimal mode flag (D).

Push register to stack - Push into the register used in the interrupt
| processing routine.

1 second counter — 1

1 second counter = 0?

1 second counter <— 50(60)
Clock count up (second—year)

- Input 50 Hz (60 Hz)

<&
<

Pop registers

v
( RTI )

- Pop registers which is pushed to stack .

Fig. 2.7.7 Control procedure [Clock count using ZCR interrupt (without using a noise filter)]
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2.7.4 Zero cross detection circuit application example 2

Clock count using ZCR interrupt (using a noise filter)
Outline : The clock is counted up every second by using the ZCR interrupts.

Specifications :  « f(XIN)=4 MHz
« The noise filter (sampling clock : f(XIN)/256) is used.
(Pulse less than 64 s is eliminated as a noise.)
e The commercial frequency (50 Hz or 60 Hz) is input.
* The clock is counted up by using the ZCR interrupts.

Figure 2.7.8 shows a setting of related registers.

Zero cross detection control register (Address:3916)

‘ ‘ |—> Passing through the zero cross detection circuit (Note)

> Noise filter sampling clock : f(Xin)/256

> Selection of one-sided edge detection

Interrupt edge selection register (Address:3Aze)

INTEDGE 0

\—>ZCR active edge : Falling edge active (Note)

Interrupt request register 1 (Address:3Czis)

IREQ1 0

—> Set the INT1/ZCR interrupt request bit to “0”

Interrupt control register 1 (Address:3E1se)

ICON1 1

— > INTY/ZCR interrupt : Enabled

Interrupt request register 1 (Address:3Cise)

IREQ1

—> ZCR interrupt request

Note : When changing the values of bit O of the zero cross detection control register and bit 1 of the
interrupt edge selection register, make sure the following contents.
1. During changeing, set bit 1 of the interrupt control register 1 (disable ZCR interrupt) to “0”.
2. After changeing, set bit 1 of the interrupt request register 1 (no ZCR interrupt request) to “0”.
However, the value of bit 1 of the interrupt request register 1 is changed with a maximum delay
of 2 sampling clocks by using a noise filter. Thus, after changing, set this bit to “0” after a wait
of 2 sampling clocks.

Fig. 2.7.8 Setting of related registers [Clock count using ZCR interrupt (using a noise filter)]
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Control procedure : [ Set the related registers according to Figure 2.7.8.
O At the falling edge of the commercial frequency (50 Hz or 60 Hz), the ZCR interrupt occurs.

O The clock is counted up every second in the ZCR interrupt processing routine.

Figure 2.7.9 shows a control procedure.

( RE|SET )

Initialization

SEI

CLT

CLD

CPUM  (Address:3B1s), bit6 «— 0

ZCRCON(Address:3916) «— 000000012
Wait of 2 sampling clocks

IREQ1 (Address:3Cuis), bitl<«—0

NOP

ICON1 (Address:3Eus), bitl «— 1

1 second counter

(Internal RAM) < 50(60)

CLI

X

(ZCR interrupt processing routine (Note 1))
|

CLT (Note 2)
CLD (Note 3)
Push register to stack

1 second counter — 1

1 second counter = 0?

=0

1 second counter <— 50(60)
Clock count up (second-year)

<
<

Pop registers

v
( RTI )

- All interrupts : Disabled

- Main clock division ratio : select the high-speed
mode

- Setting of the Zero cross detection control register

- Set the INT1/ZCR interrupt request bit to “0”

- ZCR interrupt : Enabled
- Input 50 Hz (60 Hz)

- Interrupts : Enabled

Note 1: The ZCR interrupt occurs with delay of the
Zero cross by a minimum of 1 sampling
clock or a maximum of 2 sampling clocks
because a noise filter is used.

Note 2 : When using the index X mode flag (T).

Note 3 : When using the decimal mode flag (D).

- Push into the register used in the interrupt
processing routine.

* Input 50 Hz (60 Hz)

- Pop registers which is pushed to stack

Fig. 2.7.9 Control procedure [Clock count using ZCR interrupt (using a noise filter)]
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2.8 Reset

2.8.1 Connection example of reset IC

1] Vcc
Power source
5 Output 35
M62022L RESET
Delay capacity
4
L
GND TO.1F 20
3 Vss
7

3819 group

Fig. 2.8.1 Example of Poweron reset circuit

Figure 2.8.2 shows the system example which switch to the RAM backup mode by detecting a drop of the system power
source voltage with the INT interrupt.

System power o1
source voltage g ¥ Vce
+5 ¥
7
Vccl
RESET P I RESET
2lvecz NTE INT
1 6
V1 GND CAf—1

J,: ; 3819 group

M62009L, M62009P, M62009FP

Fig. 2.8.2 RAM back-up system
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2.9 Clock generating circuit

2.9.1 Related registers

Timer i
b7 b6 b5 b4 b3 b2 bl bO
Timer i (Ti) (i=1, 3)
S S TR I N E S [Address:20 16, 2216]
i i i i i i i i B Function Atreset| R |W
'L 1 1} 1 L]0 [e The counter value of the Timer i is set. 1 |ofo
Do ||+ The value set in this register is written to both the Timer i and
N T R R S 1| the Timerilatch at the same time. 1 lolo
A * When the Timer i is read out, the value (count value) of the
i i i i i ] 5 Timer i is read out. 1 lolo
| | | | | —
T T R 3 1 |olo
| | | |
| | | | —
I 4 1 |ofo
| | |
| | | 1
i i L — 5 1 |O]|0O
R 6 1 |ofo
! [
Lo 7 1 |o]o
Fig. 2.9.1 Structure of Timeri (i = 1, 3)

Timer 2

b7 b6 b5 b4 b3 b2 bl bO
N S N S - Timer 2 (T2) [Address:21i6]
i i i i i i i i B Function Atreset| R |W
L1 1} 1 L]0 [ The counter value of the Timer 2 is set. 1 |ofo
Lo | | The value set in this register is written to both the Timer 2 and
} } } } } | } 1 the Timer 2 latch at the same time. 0 olo
A * When the Timer 2 is read out, the value (count value) of the
i i i i i L 777777 5 Timer 2 is read out. o lolo
| | | | | —
T T R T 3 o |o|o
| | | |
| | | | —
I 4 o |o]o
| | |
| | | 7
i i L 5 0 |0O|O
R 6 0o [o]o
| —
Lo 7 0 |ofo

Fig. 2.9.2 Structure of Timer 2
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Timer 12 mode register
b7 b6 b5 b4 b3 b2 bl b0

Timer 12 mode register (T12M) [Address:281s]

I I I I I I
i i i i i i i i B Name Function Atreset| R [W
b b1 L]0 |Timer 1 count stop bit 0 : Operating o |olo
I 1 Stopped
Co0 bbb |1 |Timer 2 count stop bit 0 : Operating 0o |olo
R 1 : Stopped
TR L ,,,,,, 2 | Timer 1 count source 0 : f(Xin)/16 or f(Xcin)/16 0 |O]|O
oo selection bit 1 : f(Xcin)
T B 3 [ Nothing is allocated for this bit. This is a write disabled bit. o |olo
b When this bit is read out, the value is "0."
i i i L 4 [ Timer 2 count source 80" Timer 1 underflow 0 [o]o
b | | selection bits 01 : f(Xci)
R 5 10 : External count input CNTR o 0 |[O]O
| 11 : Not available
N 6 | Timer 1 output selection bit 0: 1/0O port 0 |o|o
| (P4s) 1 : Timer 1 output
L ,,,,,,,,,,,,,,,,, 7 | Nothing is allocated for this bit. This is a write disabled bit. 0 |olo
When this bit is read out, the value is "0."
Fig. 2.9.3 Structure of Timer 12 mode register
Timer 34 mode register
b7 b6 b5 b4 b3 b2 bl b0
i - . 1 Timer 34 mode register (T34M) [Address:2916]
i i i i i i i i B Name Function Atreset| R |W
L1 L Lo |Timer 3 count stop bit 0 : Operating 0 |[o]o
I . L Stopped
0|1 [Timer 4 count stop bit 0 : Operating 0o |olo
IR A 1 : Stopped
TR ] 2 | Timer 3 count source 0 : f(Xin)/16 or f(Xcin)/16 0o |olo
I selection bit 1: Timer 2 underflow
e 3 | Nothing is allocated for this bit. This is a write disabled bit. o |lolo
} } } } When this bit is read out, the value is "0."
- b5 b
A T S 4 | Timer 4 count source 56" f(Xin)/16 or f(Xc)/16 0 [ofo
b || selection bits 01 : Timer 3 underflow
R 5 10 : External count input CNTR 1 0 |O|O
| 11 : Not available
[ 6 | Timer 3 output selection bit 0:1/O port 0 |olo
| (P47) 1 : Timer 3 output
Lo 7 | Nothing is allocated for this bit. This is a write disabled bit. o loln
When this bit is read out, the value is "0."

Fig. 2.9.4 Structure of Timer 34 mode register
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CPU mode register
b7 b6 b5 b4 b3 b2 bl b0

CPU mode register (CPUM) [Address:3Bu1e]

I I I I I I I I
i i i i i i i i B Name Function Atreset| R |W
- b1b0

L1111 L0 [Processor mode bits 0 0 : Single-chip mode 0 |O|O
RN 01
L A 10: Not available 0 OO
| | | | | |
S 1L
[ T T A B SR 2 | stack page selection bit 0:0 page 0 |[o]o
oo 1:1 page
ol ] 3 | Xcour drivability selection bit |0 : Low 1 |Of0o
ol 1: High
R 4 | Port Xc switch bit 0 : I/O port function o lolo
. 1 : Xcin—Xcourt oscillating function
A 5 [ Main clock (Xin-Xout) stop bit |0 : Operating 0o |ofo
Lo 1 : Stopped
| L ,,,,,,,,,,,,,,, 6 | Main clock division ratio 0 : f(XiN)/2 (high-speed mode) 1 olo
} selection bit 1 : f(Xin)/8 (middle-speed mode)
} 7 | Internal system clock selection |0 : Xin-XouT selected 0 O|O
o bit (middle/high-speed mode)

1: Xcin-XcouT selected

(low-speed mode)
Fig. 2.9.5 Structure of CPU mode register
Interrupt request register 1
b7 b6 b5 b4 b3 b2 bl b0

S S N S - Interrupt request reigster 1 (IREQ1) [Address:3Cais]
i i i i i i i i B Name Function Atreset [ R
-1t Lo |INTointerrupt request bit 0 : No interrupt request 0o |o|o
[ 1 : Interrupt request
| | | | | | | g
- 11 L___|1|INTY/ZCR interrupt request bit 0 : No interrupt request 0 |o|o
I 1 : Interrupt request
TR | 2 |+ INT2 interrupt request bit 0 : No interrupt request 0 Oo|o
T T R S —— - Remote control/counter 1 : Interrupt request
A overflow interrupt request bit
oo 3 | Serial I/O 1 interrupt request |0 : No interrupt request 0o |olo
R R S bit 1 : Interrupt request
[ * Serial I/0O automatic transfer
b interrupt request bit
| | | | 7
e 4 |Serial I/O 2 interrupt request | 0 : No interrupt request 0 |o|o
bl bit 1 : Interrupt request
ol L] 5 | Serial I/O 3 interrupt request |0 : No interrupt request o |olo
o bit 1 : Interrupt request
R 6 | Timer 1 interrupt request bit |0 : No interrupt request 0 |olo
| 1: Interrupt request
o 7 | Timer 2 interrupt request bit 0 : No interrupt request o |olo

1 : Interrupt request

U "0"is set by software, but not "1."

Fig. 2.9.6 Structure of Interrupt request register 1
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Interrupt request register 2
b7 b6 b5 b4 b3 b2 bl b0
1 [ 1 1 1 | Interruptrequest reigster 2 (IREQ2) [Address:3D1s¢]
i i i i i i i i b Name Function Atreset | R
011111 Lo [Timer 3interrupt request bit [0 : No interrupt request 0 |ofo
Lonr 1 : Interrupt request
| | | | | | "
b L |1 [Timer 4 interrupt request bit 0 : No interrupt request 0 |O|o
[ 1 : Interrupt request
N 2 | Timer 5 interrupt request bit |0 : No interrupt request 0 |olo
Pl 1 : Interrupt request
R 3 | Timer 6 interrupt request bit 0 : No interrupt request o lolo
o 1 : Interrupt request
A 4 | INTs interrupt request bit 0 : No interrupt request 0 |o|O
} } } 1 : Interrupt request
Lo 5 |* INT4 interrupt request bit 0 : No interrupt request 0 |O|O
[ iy + A-D conversion interrupt 1 : Interrupt request
b request bit
o 6 |+ FLD blanking interrupt 0 : No interrupt request 0 |o|O
R e e request bit 1 : Interrupt request
} * FLD digit interrupt request bit
e 7 | Nothing is allocated for this bit. This is a write disabled bit. 0 oo
When this bit is read out, the value is "0."
O "0"is set by software, but not "1."
Fig. 2.9.7 Structure of Interrupt request register 2

Interrupt control register 1

b7 b6 b5 b4 b3 b2 bl b0
B I N N Interrupt control register 1 (ICON1) [Address:3Eus]
i i i i i i i i B Name Function Atreset| R |W
- ' L]0 [INTointerrupt enable bit 0 : Interrupt disabled 0 |ofo
[ 1 : Interrupt enabled
| | | | | | | 2
© 11 L |1 |INTYZCR interrupt enable bit |0 : Interrupt disabled 0 |olo
A N 1 : Interrupt enabled
TR 2 |+ INTz interrupt enable bit 0 : Interrupt disabled 0 |olo
I - Remote control/counter 1 : Interrupt enabled
ol overflow interrupt enable bit
oo 3 |- Serial I/O 1 interrupt enable |0 : Interrupt disabled 0 |o]o
A bit 1: Interrupt enabled
N + Serial /0 automatic transfer
b interrupt enable bit
| | | | 3
[ 4 |Serial I/0 2 interrupt enable |0 : Interrupt disabled 0 |ofo
o bit 1 : Interrupt enabled
I 5 | Serial I/O 3 interrupt enable |0 : Interrupt disabled 0 |olo
Lo bit 1 : Interrupt enabled
A 6 [ Timer 1 interrupt enable bit 0 : Interrupt disabled o |olo
| 1 : Interrupt enabled
L 7 | Timer 2 interrupt enable bit 0 : Interrupt disabled 0 |olo

1 : Interrupt enabled

Fig. 2.9.8 Structure of Interrupt control register 1
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Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0

Interrupt control reigster 2 (ICON2) [Address:3Fue]

|
|
|
L{o

[ |

b Name Function At reset W
Timer 3 interrupt enable bit 0 : Interrupt disabled 0 0
1 : Interrupt enabled
Timer 4 interrupt enable bit 0 : Interrupt disabled 0 o
1 : Interrupt enabled
Timer 5 interrupt enable bit 0 : Interrupt disabled 0 o)
1 : Interrupt enabled
Timer 6 interrupt enable bit 0 : Interrupt disabled 0 o)
1 : Interrupt enabled
INT3 interrupt enable bit 0 : Interrupt disabled 0 o
1 : Interrupt enabled
5 | INT4 interrupt enable bit 0 : Interrupt disabled 0 o)
+ A-D conversion interrupt 1 : Interrupt enabled
enable bit
6 |+ FLD blanking interrupt 0 : Interrupt disabled 0 (@)
enable bit 1: Interrupt enabled
* FLD digit interrupt enable bit
7 | Fix this bit to "0." 0 o

Fig. 2.9.9 Structure of Interrupt control register 2
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2.9.2 Clock generating circuit application examples

(1) Status transition upon a power failure

Outline : The clock is counted up every second by
using the timer interrupt during a power

failure.

Specifications :

« Keep a power consumption as low as possible
while maintaining a clock function.

« f(XIN) = 4.19 MHz, f(XCIN) = 32.768 kHz

« Port processing

Input port : Fix to “H” or “L” level in the external

Input port [<—— Power failure detection signal
(Note)

3819 group

Note : Signal is detected by inputting
to each input port, interrupt
input pin, and analog input pin.

unit.
Output port : Fix to an output level which does not  Fig. 2.9.10 Connection diagram
cause a current flow to the external [Status transition upon a power failure]
unit.
[Example]

When a circuit turns on LED at “L” output level, fix the output level to “H.”

I/O port : Input port — Fix to “H” or “L” level in the external unit .

Output port — Output the data which does not consume current.
VREF : Supplying to the Reference voltage input pin is stopped by the external circuit.
P45/ZCR (using as the input port) : Fix to “H” level in the external unit .

Figure 2.9.11 shows a status transition diagram upon a power failure, Figure 2.9.12 shows a setting of related

registers, and Figure 2.9.13 shows

a control procedure.

Release reset

4

Detection of power failure

A 4

IUIUUWUWUUUUiinx

XcIN /

JAVAVAVAVAVAVAVAVAVA

1
1
1
1
1
Internal system : >< 1 ><
clock f(XIIN)/S f(Xin)/2 i f(Xcin)/2
1 1
1 1
Change the internal After detecting a power
system clock to f(Xin)/2 failure, change the internal
(high-speed mode). system clock to f(Xciv) and

Selection of Xcin
oscillating function

stop operating of f(Xin).

Fig. 2.9.11 Status transition diagram upon a power failure
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CPUM

CPUM

CPUM

CPUM

CPU mode register (Address:3B1s)

0

0

0

0

0

0

> Main clock f(Xiv) : High-speed mode (Note 1)

CPU mode register (Address:3B1s)

0

0

0

1

0

0

(Note 2) |

> Xcin—Xcourt : Oscillating

CPU mode register (Address:3B1s)

1

0

0

1

0

0

|(Note 2)

> Internal system clock : f(Xcin) (low-speed mode)

CPU mode register (Address:3B1s)

1

0

1

1

0

0

(Note 2)|

» Main clock f(XN) : Stopped

Note 1 : Only when selecting the high-speed mode.
Note 2 : When bit 6 is set to “1”, the middle-speed mode is selected.

Eig. 2.9.12 Setting of related registers [Status transition upon a power failure]
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Control procedure : Set the related registers in the order shown below to prepare for a power failure.

( RESET ) - Middle-speed mode
|
Initialization |
1 1
1 1
1 1
1 1
|
CPUM (Address:3B 1s), bit6 <—0 - When select the main clock f(X in)/2
CPUM (Address:3B1s6), bit4 <—1 (high-speed mode)

- Select the Xcin-Xcout oscillating function

Detect a power failure? N i«
Y P~
CPUM (Address:3B1s), bit7 <— 1(Note) - Internal system clock : select the low-speed
CPUM (Address:3B1s), bit5 <— 1(Note) mode f(X cin).

- Main clock f(Xin) : Stopped

Set so that a timer interrupt occurs every
second.
Execute the WIT instruction.

- At a power failure, the clock count is perform-
ed during processing the timer interrupts
(occur every second).

Be concluded the condition
recovered from a power failure?

Recovery processing from a power failure

i_ Note : Do not switch at the same time.
P~

Fig. 2.9.13 Control procedure [Status transition upon a power failure]
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(2) Counting without clock error during a power
failure

Outline : It keeps counting without clock errors
during a power failure.

Specifications :
» Keep a power consumption as low as possible
while maintaining a clock function.

» Keep counting a clock correctly.
« f(XIN) = 4.19 MHz, f(XCIN) = 32.768 kHz

* The Timer 1 interrupt is used in a normal power state.
The Timer 3 interrupt is used during a power failure.

* Port processing

Input port : Fix to “H” or “L” level in the external

unit.

Output port : Fix to an output level which does not
cause a current flow to the external
unit.

[Example]

Input port [<—— Power failure detection signal
(Note)

3819 group

Note : Signal is detected by inputting
to each input port, interrupt
input pin, and analog input pin.

Fig. 2.9.14 Connection diagram

clock errors during a power failure]

When a circuit turns on LED at “L” output level, fix the output level to “H".

I/O port : Input port — Fix to “H” or “L” level in the external unit.

Output port — Output the data which does not consume current.
VREF : Supplying to the Reference voltage input pin is stopped by the external circuit.
P45/ZCR (using as the input port) : Fix to “H” level in the external unit.

[Counting without

Figure 2.9.15 shows a timing chart of counting without clock errors during a power failure, Figure 2.9.16 shows a
structure of a clock counter, and Figures 2.9.17 and 2.9.18 show a setting of related registers.

Release reset Detection of power failure

T ATTTATTARAT A

T

SN ivavavava

JAVAVAVAVAVA

clock

1
Internal system f(Xin)/8 >< f(XiIN)/2

>< f(Xcin)/2

1
I
l
Change the internal

(high-speed mode).

Selection of Xcin
oscillating function

T system clock to f(Xin)/2

!

After detecting a power
failure, change the internal
system clock to f(Xciv) and
stop operating of f(Xin).

Fig. 2.9.15 Timing chart of counting without clock errors during a power failure
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Timer 1 interrupt Timer 3 interrupt
Base counter 1 second counter 1 minute counter
Fixed Timer 1 244 s 1 second
r=—="7 r=——=—" r=-=="
f(XiN) = 4.19 MHz —>| 1/16 |—>| 1/64 |—> ----*:_112_5_6_: ‘:_1_/_1§_: ------ > :_1_/99_:
A
1
Minute/Hour/Day/
Month/Year
I I !
/
When the system recovers /]
from a power failure, add the K
switching process time taken /
for the recovery. /
| | /
1
/
1
<at a power failure> Timer 1 Timer 2 Timer 3 /

f(Xem) = 32.768 kHz ————— [ 18 |—> =+ -5 [/266] ——[1/16 | —>

r=—=—" .
1 ! Software timer

| N
I:l Hardware timer

Eig. 2.9.16 Structure of a clock counter
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CPUM

CPUM

T1

T12M

T34M

IREQ1

IREQ2

CPU mode register (Address:3B1s6)

0

0

0

1

oo

CPU mode register (Address:3B1s6)

0

0

CBBE

> Xcin—Xcout : Oscillating

> Main clock f(Xin) : High-speed mode

Timer 1 (Address:2016)

> Internal system clock : f(Xin)/2 (high-speed mode)

63

Set “division ratio — 1”

Timer 12 mode register (Address:2816)

[E

0

Timer 34 mode register (Address:2916)

“ONNCONE

Interrupt request register 1 (Address:3Cise)

0.000
[

> Set “0016”

\—> Timer 3 count : Operating
Timer 3 count source : Timer 2 underflow

> Timer 3 output selection : 1/O port

0

Interrupt request register 2 (Address:3D1s6)

> Set the Timer 1 interrupt request bit to “0”

0

\—> Set the Timer 3 interrupt request bit to “0”

Fig. 2.9.17 Setting of related registers (1) [Counting without clock errors during a power failure]
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ICON1

CPUM

CPUM

ICON1

ICON2

T1

T2

T3

Interrupt control register 1 (Address:3E16)

1

CPU mode register (Address:3B1s6)

> Timer 1 interrupt : Enabled

1

0

01 0

0

CPU mode register (Address:3Bz1s6)

> Internal system clock : f(Xcin) (low-speed mode)

1

0

0

Interrupt control register 1 (Address:3E1e)

L
|

> Main clock f(Xin) : Stopped

0

Interrupt control register 2 (Address:3F1s)

> Timer 1 interrupt : Disabled

0

1

Timer 1 (Address:2016)

\—> Timer 3 interrupt : Enabled

7

Timer 2 (Address:2116)

255

> Set “division ratio — 1" to each timer

Timer 3 (Address:2216)

15

J

Fig. 2.9.18 Setting of related registers (2) [Counting without clock errors during a power failure]
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( RESET )

! Initialization l
1
]

CPUM (Address:3B1s), bit4 <— 1
I

CPUM (Address:3B1s), bité <y

T1 (Address:2016) <—64-1
T12M (Address:281s) <€—0016
T34M (Address:2916), hit6, bit0 <—0
T34M (Address:2916), bit2 <1
IREQ1 (Address:3C1s), bité <0
IREQ2 (Address:3D1s), bit0 <0
Base counter  (Internal RAM) €—256-1
1second counter(Internal RAM) €<—16-1
ICON1 (Address:3Es), bité <«

Detect a power failure?

- Middle-speed mode

- Select the Xcin-Xcour oscillating function

- Main clock division ratio : select the high-speed

mode

- Set for being count the base and 1 second

counters during the Timer 1 interrupts.
In the normal power state, these software
counters generate one second.

T12M (Address:281¢), bit2 <— 1
ICON1 (Address:3E1s), bit6 <— 0
CPUM (Address:3B1s), bit7 <— 1(Note)
CPUM (Address:3B1s), bits <— 1(Note)
IREQ1 (Address:3Cue), bit6 <— 0
IREQ2 (Address:3D1e), bit0 <— 0

T1 (Address:2016) <— 8-1

T2 (Address:2116) <— 256-1
T3 (Address:2216) <— 16-1

ICON2(Address:3F16), bit0 €<— 1

|

71

Execute the WIT instruction

Be concluded the condition
recovered from a power failure?

Recovery processing from a power failure

v

~
~

13

- Timer 1 count source : f(X cin)
- Timer 1 interrupt : Disabled
- Internal system clock : select the low-speed

mode f(X cin).

- Main clock f(Xin) : Stopped
- Set for generating the Timer 3 interrupts every

second.

- Generate 1 second by the hardware timer during

a power failure.

- Timer 3 interrupt : Enabled

- Generate the Timer 3 interrupts every second

(recover from a wait mode)

Note : Do not switch at the same time.

Fig. 2.9.19 Control procedure (1) [Counting without clock errors during a power failure]
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2. APPLICATION 2.9 Clock generating circuit

( Timer 3 interrupt processing routine )

Push register to stack etc.

Count 1 minitue counter (Internal RAM)

1 minitue counter overflow ?

Renew Time, Day, Month, Year

l¢
<

N
( RTI )

Fig. 2.9.20 Control procedure (2) [Counting without clock errors during a power failure]
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3.1 Notes on use

3.1.1 Notes on Interrupts

<Note 1>
For the products able to switch the external interrupt |Clear an interrupt enable bit to *0" (interrupt disabled) |
detection edge, switch it as the following sequence.

| Switch the detection edge |
Reason J
The interrupt circuit recognizes the switching of the  |Clear an interrupt request bit to “0” (no interrupt requ-
detection edge as the change of external input signals.  |est issued)
This may cause an unnecessary interrupt. \|(

| NOP (one or more instructions) |
N
|Set the interrupt enable bit to “1” (interrupt enabled ) |

<Note 2>

Fix the bit 7 of the interrupt control register 2 to “0”". b7 b

0 Interrupt control register 2
Address 003F16

Figure 3.1.1 shows the structure of the interrupt control
register 2.

Interrupt control bits

Not used
Fix this bit to “0”

Fig. 3.1.1 Structure of interrupt control register 2

3.1.2 Notes on the FLD controller and the serial I/O automatic transfer function

When using the FLD controller function and the serial I/O automatic transfer function, set the system clock to the high-
speed mode or the middle-speed mode.

3.1.3 Notes on the A-D converter

<Note 1>
Make the signal source impedance for analog input low, or equip an analog input pin with an external capacitor of
0.01 pF to 1 pF. Further, be sure to verify the operation of application products on the user side.

Reason

An analog input pin includes the capacitor for analog voltage comparison. Accordingly, when signals from signal
source with high impedance are input to an analog input pin, charge and discharge noise generates. This may cause
the A-D comparison precision to be worse.

<Note 2>

Pins AVcc and AVss are A-D converter power source pins. Connect them as following :
e AVcc : Connect to the Vcc line which is the analog system

e AVss : Connect to the Vss line which is the analog system
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<Note 3>

The comparator uses internal capacitors whose charge will be lost if the clock frequency is too low. Thus, make sure
the following during an A-D conversion.

e f(XIN) is 500 kHz or more .

e Do not execute the STP instruction and WIT instruction.

3.1.4 Notes on the RESET pin

<Note>

n case where the RESET signal rise time is long, connect a ceramic capacitor or others across the RESET pin and
the Vss pin. And use a 1000 pF or more capacitor for high frequency use. When connecting the capacitor, note the
following :

e Make the length of the wiring which is connected to a capacitor.

e Be sure to check the operation of application products on the user side.

Reason
If the several nanosecond or several ten nanosecond impulse noise enters the RESET pin, it may cause a
microcomputer failure.

3.1.5 Notes on input and output pins

<Note 1>

In stand-by state* for low-power dissipation, do not make input levels of an input and an I/O port “undefined,*
especially for the 1/0 ports of the P-channel and the N-channel open-drain.

Pull-up (connect the port to Vcc) or pull-down (connect the port to Vss) these ports through a resistor.

When determining a resistance value, note the following points:

e External circuit

e Variation of output levels during the ordinary operation

When using built-in pull-up or pull-down resistor as an option, note on varied current values.
e When setting as an input port : Fix its input level
e When setting as an output port : Prevent current from flowing out to external

Reason

Even when setting as an output port with its direction register, in the following state :

e P-channel......when the content of the data register (port latch) is “0”

e N-channel......when the content of the data register (port latch) is “1”

the transistor becomes the OFF state, which causes the ports to be the high-impedance state. Note that the level
becomes “undefined” depending on external circuits.

Accordingly, the potential which is input to the input buffer in a microcomputer is unstable in the state that input levels
of an input and an I/O port are “undefined.” This may cause power source current.

* stand-by state : the stop mode by executing the STP instruction
the wait mode by executing the WIT instruction
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<Note 2>
When the data register (port latch) of an 1/0 port is modified with the bit managing instruction*, the value of the
unspecified bit may be changed.

Reason

The bit managing instructions are read-modify-write form instructions for reading and writing data by a byte unit.
Accordingly, when these instructions are executed on a bit of the data register of an I/O port, the following is executed
to all bits of the data register.

e As for a bit which is set to an input port : The pin state is read in the CPU, and is written to this bit after bit managing.
e As for a bit which is set to an output port : The bit value is read in the CPU, and is written to this bit after bit managing.

Note the following :

e Even when a port which is set as an output port is changed for an input port, its data register holds the output data.

e As for a bit of which is set to an input port , its value may be changed even when not specified with a bit managing
instruction in case where the pin state differs from its data register contents

* bit managing instructions : SEB and CLB instruction

<Note 3>
When not using the A-D converter, connect the A-D converter power source AVsSs pin as follows :
e AVss : Connect to the Vss pin

Reason
If the AVss pin is opened, the microcomputer may have a failure because of noise or others.

3.1.6 Notes on clock synchronous serial 1/0O
<Note>

When an external clock is used as the synchronous clock for data transmission, set the transmit enable bit to “1” at
“H” of the ScLK input level. Also, write data to the transmit buffer register at “H” of the ScLk input level.
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3.1.7 Notes on built-in PROM
(1) Programming adapter
To write into or read from data the internal PROM, use the dedicated programming adapter and general-purpose
PROM programmer as shown in Table 3.1.1.

Table 3.1.1 Programming adapter

Microcomputer Programming adapter
M38197EAFS PCA4738L-100A
M38197EAFP

PCA4738F-100A
(one-time blank)

(2) Write and read
In PROM mode, operation is the same as that of the M5M27C101, but programming conditions of PROM
programmer are not set automatically because there are no built-in device ID codes.
Accurately set the following conditions for data write/read. Do not apply 21 V to the Vpp pin (is also used as port
P40), or the product may be permanently damaged.
e Programming voltage : 12.5 V
e Setting of programming adapter switch : refer to “Table 3.1.2”
e Setting of PROM programmer address : refer to “Table 3.1.3”

Table 3.1.2 Setting of programming adapter switch

Programming adapter SW 1 SW 2 SW 3
PCA4738L-100A OFF
P-channel OFF
PCA4738F-100A (CMOS)

Table 3.1.3 Setting of PROM programmer address

Microcomputer PROM programmer start address (Note) | PROM programmer completion address (Note)
M38197EAFS
Address : 608016 Address : FFFD16
M38197EAFP
Note : Because addresses 600016 to 607F16 and FFFE16 to FFFF16 are the reserved ROM area, do not use these
addresses.
(3) Erasing

Contents of the windowed EPROM (38197 EAFS) are erased by an ultraviolet light source with the wavelength
2537-Angstrom . At least 15 Wesec/cm?are required to erase EPROM contents.
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3.2 Countermeasures against noise

Countermeasures against noise are described below. The following countermeasures are effective against noise in
theory, however, it is necessary not only to take measures as follows but to evaluate before actual use.

3.2.1 Shortest wiring length
The wiring on a printed circuit board can be as an antenna which feeds noise into the microcomputer.
The shorter the total wiring length (by mm unit), the less the possibility of noise insertion into a microcomputer.

(1) Wiring for the RESET pin
Make the length of wiring which is connected to the RESET pin as short as possible. Especially, connect a capacitor
across the RESET pin and the Vss pin with the shortest possible wiring (within 20mm).

Reason

The reset works to initialize a microcomputer.

The width of a pulse input into the RESET pin is determined by the timing necessary conditions. If noise having a
shorter pulse width than the standard is input to the RESET pin, the reset is released before the internal state of the
microcomputer is completely initialized. This may cause a program runaway.

Noise
U/ _/
Reset f g Reset
circuit ¢ RESET circuit ™ RESET
Vss Vss Vss-- T Vss

Fig. 3.2.1 Wiring for the RESET pin

(2) Wiring for clock input/output pins

e Make the length of wiring which is connected to clock 1/O pins as short as possible.

e Make the length of wiring (within 20mm) across the grounding lead of a capacitor which is connected to an oscillator
and the Vss pin of a microcomputer as short as possible.

e Separate the Vss pattern only for oscillation from other Vss patterns.

Reason

A microcomputer's operation synchronizes with a clock generated by the oscillator (circuit). If noise enters clock
I/O pins, clock waveforms may be deformed. This may cause a program failure or program runaway.

Also, if a potential difference is caused by the noise between the Vss level of a microcomputer and the Vss level of
an oscillator, the correct clock will not be input in the microcomputer.
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Noise An example of Vss patterns on the
- underside of a printed circuit board
——
S ] ] Oscillator wiring
pattern example
] XIN
——— XIN FA XIN — Xout
= = T
= Xout H— Xout Vss
Vss Vss

Separate the Vss line for oscillation from other Vss lines

Fig. 3.2.2 Wiring for clock I/O pins

(3) Wiring for the V pp pin of the One Time PROM
version and the eprom version
e Make the length of wiring which is connected to the
VPP pin as short as possible. 3819 group
e Connect an approximately 5 kQ resistor to the Vpp

pin in serial. Approximately
5kQ

Reason
The VPP pin of the One Time PROM and the EPROM PAoVPPIANA-
version is the power source input pin for the built-in
PROM. When programming in the built-in PROM, the
impedance of the VPP pin is low to allow the electric
current for wiring flow into the PROM. Because of this,
noise can enter easily. If noise enters the VPP pin,
abnormal in struction codes or data are read from the  Fig. 3.2.3 Wiring forthe V PP pin of the One Time PROM
built-in PROM, which may cause a program runaway. and the EPROM version

3.2.2 Connection of a bypass capacitor across the
Vss line and the Vcc line

Connect an approximately 0.1 uF bypass capacitor

across the Vss line and the Vcc line as follows:

e Connect a bypass capacitor across the Vss pin and
the Vcc pin at equal length .

e Connect a bypass capacitor across the Vss pin and
the Vcc pin with the shortest possible wiring. Vel [Vss

e Use lines with a larger diameter than other signal
lines for Vss line and Vcc line.

Fig. 3.2.4 Bypass capacitor across the V  ss line and
the Vccline
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3.2.3 Wiring to analog input pins

e Connect an approximately 100 Q to 1 kQ resistor to an
analog signal line which is connected to an analog
input pin in series. Besides, connect the resistor to
the microcomputer as close as possible.

e Connect an approximately 1000 pF capacitor across
the Vss pin and the analog input pin. Besides,
connect the capacitor to the Vss pin as close as
possible.

Reason

Signals which is input in an analog input pin (such as
an A-D converter input pin) are usually output signals
from sensor. The sensor which detects a change of
event is installed far from the printed circuit board with
a microcomputer, the wiring to an analog input pin is
longer necessarily. This long wiring functions as an
antenna which feeds noise into the microcomputer,
which causes noise to an analog input pin.

If a capacitor between an analog input pin and the Vss
pin is grounded at a position far away from the Vss pin,
noise on the GND line may enter a microcomputer
through the capacitor.

3.2.4. Oscillator concerns

Take care to prevent an oscillator that generates clocks
for a microcomputer operation from being affected by
other signals.

(1) Keeping an oscillator away from large current
signal lines

Install a microcomputer (and especially an oscillator) as

far as possible from signal lines where a current larger

than the tolerance of current value flows.

Reason

In the system using a microcomputer, there are signal
lines for controlling motors, LEDs, and thermal heads or
others. When a large current flows through those signal
lines, strong noise occurs because of mutual induct-
ance.

(2) Keeping an oscillator away from signal lines
where potential levels change frequently

Install an oscillator away from signal lines where poten-

tial levels change frequently. Also, do not cross such

signal lines over the clock lines or the signal lines which

are sensitive to noise.

Reason

Signal lines where potential levels change frequently
(such as the CNTR pin line) may affect other lines at
signal rising or falling edge. If such lines cross over a
clock line, clock waveforms may be deformed, which
causes a microcomputer failure or a program runaway.
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3.2 Countermeasures against noise

Noise

Sensor

Microcomputer

Analog
input pin

| :L IVSS

Fig.3.2.5 Analog signal line and a resistor and a
capacitor

’Microcomputer
Mutual inductance N

ME%
-

= XiN
|-
XouTt
Vss
GND

Large
current

Fig.3.2.6 Wiring for a large current signal line

Do not cross

| XIN
} Xout
Vss

sy

HK

Fig.3.2.7 Wiring to a signal line where potential levels
change frequently

176

3819 Group USER’'S MANUAL




MITSUBISHI MICROCOMPUTER

3819 Group
3. APPENDIX 3.2 Countermeasures against noise
3.2.5 Setup for 1/O ports
Setup I/O ports using hardware and software as follows: Noise
<Hardware> é
Data bus

e Connect a resistor of 100 Q or more to an I/O port in O"\/\/\/_

™
<Software> _ - i
e As for an input port, read data several times by a

program for checking whether input levels are equal VO port

or not. pins

e As for an output port, since the output data may
reverse because of noise, rewrite data to its data
register at fixed periods.

e Rewirte data to direction registers and pull-up control
registers (only the product having it) at fixed periods.

Fig. 3.2.8 Setup for 1/O ports

When a direction register is set to input port again at fixed periods, a several-nanosecond short pulse may be output
from this port. If this is undesirable, connect a capacitor to this port to remove the noise pulse.

3.2.6 Providing of watchdog timer function by

software
If a microcomputer runs away because of noise or
others, it can be detected by a software watchdog timer ( Main routine ) Qnterrupt processing routine)
and the microcomputer can be reset to normal opera- |

tion. This is equal to or more effective than program | (SWDT)— N | |(SWDT) - (SWDT)—1|
runaway detection by a hardware watchdog timer. The

following shows an example of a watchdog timer pro- | | -
vided by software. | CLI | | Interrupt processing |
In the following example, to reset a microcomputer to

normal operation, the main routine detects errors of the
interrupt processing routine and the interrupt process-
ing routine detects errors of the main routine. #N
This example assumes that interrupt processing is
repeated multiple times in a single main routine process- =N
ing.
Interrupt processing Main routine
<The main routine> routine errors errors

e Assigns a single byte of RAM to a software watchdog
timer (SWDT) and writes the initial value N in the
SWDT once at each execution of the main routine.
The initial value N should satisfy the following Fig. 3.2.9 Watchdog timer by software
condition:

N+1 > (Counts of interrupt processing executed in each main routine)

As the main routine execution cycle may change because of an interrupt processing or others, the initial value N
should have a margin.

e Watches the operation of the interrupt processing routine by comparing the SWDT contents with counts of interrupt
processing count after the initial value N has been set.
e Detects that the interrupt processing routine has failed and determines to branch to the program initialization routine
for recovery processing in the following cases:
O If the SWDT contents do not change after interrupt processing
O If the changed SWDT contents are abnormal
(In Figure 3.2.9, the main routine determines that the interrupt processing routine has failed only if the SWDT
contents do not change).
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<The interrupt processing routine>
e Decrements the SWDT contents by 1 at each interrupt processing.

e Determins that the main routine operates normally when the SWDT contents are reset to the initial value N at almost
fixed cycles (at the fixed interrupt processing count).

e Detects that the main routine has failed and determines to branch to the program initialization routine for recovery
processing in the following case:

O If the SWDT contents are not initialized to the initial value N but continued to decrement and if they exceed the
limit (and reach 0O or less).
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3.3 Control reqgisters

Port Pi direction register
b7 b6 b5 b4 b3 b2 bl b0

Port Pi direction register (PiD) (i=4,5, 6, 7, 8, A, B)
[Address:09 16, 0B16, OD16, OF16, 1116, 1516, 1716]

I I I I I I I I
i i i i i i i i B Name Function Atreset| R |W
CL L1 11 L Lo |Port Pidirection register 0 : Port Pioinput mode 0 [o|o
N 1 : Port Piooutput mode  (Note)
| | | | | | | | .
e 0 : Port Pi1input mode 0 |olo
A L 1 : Port Pi1 output mode
I 2 0 : Port Pizinput mode o |olo
oo 1 : Port Piz output mode
R 3 0 : Port Pizinput mode o lolo
ol [ | 1 : Port Piz output mode
A 4 0: Port P?ainput mode 0 |olo
. | 1: Port Pis output mode
A 5 0 : Port Pisinput mode o |olo
[ [ | 1: Port Pis output mode  (Note)
| L ,,,,,,,,,,,,,,, 6 0 : Port Pis input mode 0 |olo
| [ 1 : Port Pis output mode
o 7 0 : Port Pizinput mode o |olo

1 : Port Pi7 output mode

Note : Port P4 direction register [Address:09 16]
Ports P4o and P4s are input ports. Accordingly, these bits do not have a
direction register function.
Fig. 3.3.1 Structure of Port Pi direction register (i = 4, 5, 6, 7, 8, A, B)
Port P2 direction register
b7 b6 b5 b4 b3 b2 bl b0

411 Port P2 direction register (P2D) [Address:0516]
i i i i i i i i B Name | Function Atreset| R |W
} } } } } } } =10 [Because P20 to P23 are output ports, these bits do not have a 1 oo
I 1 1 1 1 | ———-|1 |direction register function and nothing is allocated. 1 a|d
T s 2] 1_|0]0
e 3] L
ol L 4 | Port P2 direction register 0 : Port P24input mode o |olo
b [ | 1: Port P24 output mode
o] 5 0 : Port P25 input mode o |lolo
o 1: Port P25 output mode
o] 6 0 : Port P26 input mode o |lolo
| 1: Port P26 output mode
I — - -
o 7 2 : Port P27input mode 0 olo

: Port P27 output mode

Fig. 3.3.2 Structure of Port P2 direction register
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Serial 1/0 automatic transfer data pointer

b7 b6 b5 b4 b3 b2 bl b0

Serial /0 automatic transfer data pointer (SIODP) [Address:1816]

I I I I I
} } } } } i } } B Function Atreset | R [W
| | | | | | |
bbb 1 L]0 |Indicate an address of Serial I/O automatic transfer RAM. ? |O|O
| | | | | | |
SR
[ I A ||
ST R > [l
| | | | | —
R R 3 2 |ofo
| | | |
| | | | —
I 4 2 |olo
Lo
. |5 | Nothing is allocated for these bits. These are write disabled bits. 0 _[o]0
| T | 6_| When these bits are read out, the values are "0." 0o _|ofd
b 7 0 _|olo
Fig. 3.3.3 Structure of Serial 1/0O automatic transfer data pointer
Serial /0 1 control register
b7 b6 b5 b4 b3 b2 bl bo
N I N N N . Serial I1/0 1 control register (SIOLCON) [Address:191s]
i i i i i i i i B Name Function Atreset| R |W
| | | | | | | | b2 b1b0
N ggleercnt% r%'i‘t‘;hronous clock 1000 : f(xm)/8 or f(Xcin)/8 0 19]©
[ — 001 : f(XiN)/16 or f(Xcin)/16
e ks 010 : f(Xin)/32 or f(XciN)/32 0 |o|o
A | - 011 : f(Xin)/64 or f(Xcin)/64
[ T T R T A 110 : f(Xin)/128 or f(Xcin)/128 0 |O]|O
R 111 : f(X)/256 or f(Xci)/256
Lo L] 3 | Serial I/0 1 port selection bit |0 : I/O port - o |olo
} } } } (P65,P66,P670) 1: Souri, Sciki1, Scikiz signal pins
A T 4 | Srov1 output selection bit 0:1/0 port 0 |ofo
. (P67) 1: SRDYl/CS%iQI’]&' pin (Note)
R 5 | Transfer direction selection 0 : LSB first 0 |o]loO
| bit 1: MSB first
I 6 | Synchronous clock selection 0 : External clock 0 |olo
} bit 1 : Internal clock
} 7 | P6s/Sout1 P-channel output 0 : CMOS output (in output mode) 0 |O|O
1

disable bit

: N-channel open-drain output
(in output mode)

0 Valid only in the Serial /O automatic transfer mode

Note : When an external clock is selected in the serial /O 1 automatic transfer

mode, the Srov1 signal pin is used as the CS signal input pin.

Fig. 3.3.4 Structure of Serial I/O 1 control register
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Serial 1/0 automatic transfer control register

b7 b6 b5 b4 b3 b2 bl b0

Serial I1/0 automatic transfer control register (SIOAC) [Address:1Az1s]

I I I I
i i i 1 i i i i B Name Function Atreset | R |W
|
} } } } } } } } 0 |Automatic transfer control bit |0 : Serial I/O ordinary mode 0 |O]|O
Lor (serial /0O 1 interrupt)
} } } } } \ } L 1 : Automatic transfer mode
A N (serial I/O automatic transfer
. | | } | interrupt)
A R 1 | Automatic transfer start bit 0 : Transfer completion o |oflo
TR e 1: Transferring
. | (starts by writing “1”)
o ] 2 | Transfer mode switch bit 0 : Fullduplex (transmit / receive) 0 |O|O
[ N N mode
SR } | 1 : Transmit-only mode
B L 77777777 3 | Synchronous clock output 0 : Sciki1 0o |olo
T pin selection bit 1: Scikiz
A T 4 | Nothing is allocated for these bits. These are write disabled bits. 0 _|of0
b b | 5 | When these bits are read out, the values are "0." o (o]0
b [ 6 | 0 1010
s 7 0 |O]|O
Fig. 3.3.5 Structure of Serial 1/0 automatic transfer control register
Serial I/0 automatic transfer interval register
b7 b6 b5 b4 b3 b2 bl b0
B S [ Serial I/0 automatic transfer interval register (SIOAI) [Address:1Cuis]

B i EE Function Atreset [ R [W
| | | | | | |
Lo Lo |Ti=E(n+2)0Te 0 |O|O
A || (Ti=alength of transfer interval
I L,, 1 n = a setting value o lolo
A Tc = a length of a bit of transfer clock
BT R S MEE
| | | | | —
o b 3 o |o|o
| | | |
| | | | —i
R R 4 0 |ofo
| | |
| | |
A |5 [ Nothing is allocated for these bits. These are write disabled bits. 0 _10]0
| T | 6 | When these bits are read out, the values are "0." 0 1910
b 7 o [o]D

Fig. 3.3.6 Structure of Serial /0 automatic transfer interval register
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Serial 1/0O 2 control register

b7 b6 b5 b4 b3 b2 bl b0

Serial 1/0 2 control register (SIO2CON) [Address:1Dzise]

I I I I I ! I I
i i i i i i i i B Name Function At reset W
.11 1 1| 1 L]o [internal synchronous clock béé’cl)b(_’ FXn)/8 or f(Xcn)/8 0 )
L L [ selectionbits 001 : f(XI)/16 or f(Xcin)/16
R R e 010 : f(XN)/32 or f(Xcn)/32 0 o
. | 011 : f(Xin)/64 or f(Xcin)/64
[ T T R T 2 110 : f(Xin)/128 or f(Xcin)/128 0 e}
I 111 : f(Xin)/256 or f(Xcin)/256
Lo L] 3 | Serial /0 2 port selection bit |0 : /O port _ _ 0 0
. (P51,P52) 1: Sourz, Scik2 signal pins
R 4 [Srov2 output selection bit 0: 1/O port 0 0
. (P53) 1 : Srov2 signal pin
Lo ] 5 | Transfer direction selection bit |0 : LSB first 0 0
Lo 1 : MSB first
} L 777777777777777 6 | Synchronous clock selection |0 : External clock 0 o)
| bit 1 : Internal clock
} 7 | P51/Sout2 P-channel output 0 : CMOS output (in output mode) 0 O
777777777777777777 disable bit 1: N-channel open-drain output
(in output mode)
Fig. 3.3.7 Structure of Serial I/0O 2 control register
Serial I/0 3 control register
b7 b6 b5 b4 b3 b2 bl b0
A1 1 1 1 1 1 | Seriall/O3control register (SIO3CON) [Address:1Es]
| | | | | | | |
T R A 1 Name Function Atreset| R |W
| | | | | | | | b2 b1b0
—-{ 0 [ Internal synchronous clock
o O | e 000 : f(Xin)/8 or f(Xc)/8 0 o
T | } — 001 : f(Xin)/16 or f(Xcin)/16
oo o 1 |1 010 : f(Xin)/32 or f(Xcin)/32 0 o
T S R [ 011 : f(XiN)/64 or f(Xcin)/64
} } } } } L_____ 110 : f(Xin)/128 or f(Xcin)/128 0 @]
. 111 : f(Xin)/256 or f(Xcin)/256
T A R S 3 [ Serial I/0 3 port selection bit | 0 : /O port 0 o
R (P55,P56) 1 : Souts, Sciks signal pins
T I R 4 | Srovs output selection bit 0 :1/O port 0 @)
B (P57) 1 : Srovs signal pin
b 5 | Transfer direction selection 0: LSB first 0 0
} } bit 1 : MSB first
e 6 | Synchronous clock selection | 0 : External clock 0 0
| bit 1 : Internal clock
|
e 7 | P5s/Souts P-channel output 0 : CMOS output (in output mode) 0 (0]
disable bit 1 : N-channel open-drain output

(in output mode)

Fig. 3.3.8 Structure of Serial I/O 3 control register
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3. APPENDIX 3.3 Control registers

Timer 12 mode register
b7 b6 b5 b4 b3 b2 bl b0

. - . Timer 12 mode register (T12M) [Address:281s]
i i i i i i i i B Name Function Atreset| R |W
') 01111 L0 |Timer 1 count stop bit 0 : Operating 0 |ofo
o e
Coror L [1 | Timer 2 count stop bit 0 : Operating 0 |of|o
B 1 : Stopped
T 2 | Timer 1 count source 0 : f(Xin)/16 or f(Xcin)/16 0 |olo
oo selection bit 1 : f(Xcin)
e 3 | Nothing is allocated for this bit. It is a write disabled bit. o |olo
A When this bit is read out, the value is "0. "
R T R S 4 | Timer 2 count source "80': Timer 1 underflow 0 [©f©
o || selection bits 01 : f(Xcm)
R 5 10 : External count input CNTR o 0 |Oo|O
Lo 11 : Not available
| L 777777777777777 6 | Timer 1 output selection bit 0: 1/O port o |olo
| (P4s) 1 : Timer 1 output
L 7 | Nothing is allocated for this bit. It is a write disabled bit. 0 |lolo

When this bit is read out, the value is "0. "

Fig. 3.3.9 Structure of Timer 12 mode register

Timer 34 mode register
b7 b6 b5 b4 b3 b2 bl bO

Timer 34 mode register (T34M) [Address:2916]

I I I T I I
i i i i i i i i B Name Function Atreset| R | W
} } } } } } } ' | 0 | Timer 3 count stop bit 0 : Operating 0 olo
o - Siopped
o r b L1 [ Timer 4 count stop bit 0 : Operating 0 |oJlo
R 1: Stopped
R T 2 | Timer 3 count source 0 : f(Xin)/16 or f(Xcin)/16 0o lolo
I selection bit 1 : Timer 2 underflow
e 3 | Nothing is allocated for this bit. It is a write disabled bit. o lolo
} } } } When this bit is read out, the value is "0. "
. b5 b4

R T 4 | Timer 4 count source 00 : f(XiN)/16 or f(Xcin)/16 0 |O|0
Lo || selection bits 01 : Timer 3 underflow
T —— 5 10 : External count input CNTR 1 0 O|O
} } 11 : Not available
R S 6 | Timer 3 output selection bit 0 : /O port 0o |lolo
} (P47) 1 : Timer 3 output
L ,,,,,,,,,,,,,,,,, 7 | Nothing is allocated for this bit. It is a write disabled bit. 0 olno

When this bit is read out, the value is "0. "

Fig. 3.3.10 Structure of Timer 34 mode register
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Timer 56 mode register
b7 b6 b5 b4 b3 b2 bl bo

9 N N S [ S Timer 56 mode register (T56M) [Address:2Az1s]

i i i i i i i i B Name Function Atreset| R |W

b1 1 L]0 | Timer 5 count stop bit (1) : gperatigg 0 |[o]o

. _ ,  Stoppe

0L |1 |Timer 6 count stop bit 0: gperatlgg 0 |ofo
1: Stoppe

| | | | | |

I 2 | Timer 5 count source 0 : f(Xin)/16 or f(Xcin)/16 0o |olo

T selection bit 1: Timer 4 underflow

A N N T 3 | Timer 6 operation mode 0 : Timer mode o |lolo

b selection bit 1: PWM mode

TR FR 4 | Timer 6 count source 06" #(X)/16 or f(Xcin)/16 0 (o]0

Lol || selection bits 01 : Timer 5 underflow

o] 5 10 : Timer 4 underflow 0 |O|O

[ 11 : Not available

ol 6 | Timer 6 (PWM) 0: 1/0 port o lolo

| output selection bit (P61) 1: Timer 6 output

b 7 | Fix this bit to "0." o lolo

Fig. 3.3.11 Structure of Timer 56 mode register
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3.3 Control registers

AD/DA control reqgister
b7 b6 b5 b4 b3 b2 bl b0

AD/DA control register (ADCON) [Address:2Cis]

B Name

Function

At reset

Py

0 | Analog input pin selection bits

b3 b2 bl b0

0000 : P70/ANo
0001:P71/AN1
0010:P72/AN2
0011:P73/ANs3
0100:P74ANs
0101:P75/ANs
0110:P76/ANs
0111:P77/AN7
1000 : P50/Sin2/ANs
1001 :P51/Sout2/ANg
1010 :P52/ScLk2/AN10o
1011:P53/Srov2/AN11
1100 : P54/Sins/AN12
1101:P55/Souta/AN13
1110:P56/ScLks/AN1a
1111:P57/Srova/AN1s

0

0|z

4 | A-D conversion completion bit

0 : Conversion in progress
1 : Conversion completed

5 | Nothing is allocated for this bit. This is a write disabled bit.
When this bit is read out, the value is "0."

6 | D-A output enable bit

0 : Disable
1: Enable

7 | Nothing is allocated for this bit. This is a write disabled bit.
When this bit is read out, the value is "0."

Fig. 3.3.12 Structure of AD/DA control register
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Interrupt interval determination register
b7 b6 b5 b4 b3 b2 bl b0

Interrupt interval determination register (11D) [Address:301s]

I I I I I I I I

R Function Atreset | R |\W
| | | | | | | |

I “ 19 This register stores the values obtaind by counting the 2 1010
o A |1 | following interval with a counter sampling clock. ? (OO0
[ N N B 2 | (- Falling edge interval 2 |oflo
T |3 | /- Rising edge interval ?2 o0
L e 4 - Both-sided edge interval 2 |O|0
o ] ? (selected by the interrupt edge selection register) 5> oo
L [ S | ) . . :

| b 6 | This register is read-only. MEE
Ee e 7 ?2 |O|0

Note : When the noise filter sampling clock selection bits (bits 2 and 3) of the
Interrupt interval determination control register (IIDCON) (Address: 31 16) is
set to “00” (when no noise filter is used), the both-sided edge detection
function is not available.

Fig. 3.3.13 Structure of Interrupt interval determination register

Interrupt interval determination control register
b7 b6 b5 b4 b3 b2 bl b0

Interrupt interval determination control register (IIDCON) [Address:3116]

I I I I I
i i i i i i i i B Name Function Atreset | R |W
R T | Lo Interrupt interval determination |0 : Stopped o |olo
or circuit operating selection bit |1 : Operating
| | | | | |
T I L___[1 [Counter sampling clock 0 : f(Xin)/256 0 |olo
[ R T B } selection bit 1 : f(Xin)/512
B [ 2 | Noise filter sampling clock 00 : Filter stop 0 |olo
P || selection bits (INT2) 01 : f(X)/64
o L] 3 10 : f(Xin)/128 o lolo
oo 11 : f(Xin)/256
N 4 | One-sided/both-sided edge 0 : One-sided edge detection
o detection selection bit 1 : Both-sided edge detection  (Note)
|
|

b T T T T 5 [ Nothing is allocated for these bits. These are write disabled bits.
| T 6 | When these bits are read out, the values are "0."

(o] [e] [e] BNe)
ololo|l o

ol|lo 1o o

Note : When the noise filter sampling clock selection bits (bits 2 and 3) of the
Interrupt interval determination control register (IIDCON) (Address: 31 16) is
set to “00” (when no noise filter is used), the both-sided edge detection
function is not available.

Fig. 3.3.14 Structure of Interrupt interval determination control register
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3.3 Control registers

Port PO segment/digit switch register

b7 b6 b5 b4 b3 b2 bl b0
N I N N . Port PO segment/digit switch register (POSDR) [Address:3216]
i i i i i i i i B Name Function Atreset | R |W
L0111 L]0 [Port PO segment/digit 0:DIGo 0 |o]o
o | | switch register 1:SEGs2
A A E 0: 016 0 |ofo
. [ | 1:SEGss3
T T T 2 0:DIG: o lolo
Pl | 1:SEGsa4
T T A 3 0:DIGs 0 |o]o
} } } } [ | 1:SEGss
N 4 0:DIG4 o |olo
} } } [ | 1:SEGss
[ 5 0:DIGs 0 (e} Ko)
} } | 1:SEGs7
} L 777777777777777 6 0: DIGs 0 |olo
| [ | 1:SEGss
L 7 0:DIG? 0o |lolo

1:SEGsg
Fig. 3.3.15 Structure of Port PO segment/digit switch register
Port P2 digit/port switch register
b7 b6 b5 b4 b3 b2 bl b0
i Port P2 digit/port switch register (P2DPR) [Address:33 16]

i i i i i i i i B Name Function Atreset | R |W
01 Lo | Port P2 digit/port switch 0 : Port P20 output-only 0 |[o]o
L [reaster e
. SRS ] 0 : Port P21 output-only 0 |lolo
[ | 1:DIG17
S T 2 0 : Port P22 output-only o |olo
Pl | 1:DIGis
A 3 0 : Port P23 output-only o |olo
} } } } 1:DIG19
by T | 4 | Nothing is allocated for these bits. These are write disabled bits. 0_|o]|0
A | 5 | When these bits are read out, the values are "0." 0 |O]|O
|omm e | 6 | 0 0|0
e 7 o [o]d

Fig. 3.3.16 Structure of Port P2 digit/port switch register
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3.3 Control registers

Port P8 segment/port switch reqgister

b7 b6 b5 b4 b3 b2 bl b0

Port P8 segment/port switch register (P8SPR) [Address:34 16]

I I I I I I I I

i i i i i i i i B Name Function Atreset| R |W

L1 1 1 L]0 |Port P8 segment/port 0 : Port P8o for I/O 0 |lolo

o || switch register 1:SEGs

. L |1 0 : Port P81 for 11O 0 |olo

N [ | 1:SEGo

I 2 0 : Port P82 for I/O o |olo

Pl ] 1: SEG1o

T T R S 3 0 : Port P83 for I/O o |lolo

b [ | 1:SEGu

} } } e 4 0 : Port P84 for I/O 0 [O]O

Lo [ | 1:SEGuw

R 5 0 : Port P8s for I/0 o |lolo

[ | 1:SEGu1s

| L ,,,,,,,,,,,,,,, 6 0 : Port P8 for I/O 0 |lolo

} | 1:SEGu4

b 7 0: Port P87 for /0 o lolo
1:SEG1s

Fig. 3.3.17 Structure of Port P8 segment/port switch register
Port PA segment/port switch register
b7 b6 b5 b4 b3 b2 bl bo

111 1 | Port PA segment/port switch register (PASPR) [Address:3516]

i i i i i i i i B Name Function Atreset| R |W

b1 L]0 [Port PA segment/port 0 : Port PAo for I/0 0o |lolo

L || switch register 1:SEGo

. SRS ] 0 : Port PA1 for I/O 0 |olo

I N N [ | 1:SEG1

I T 2 0 : Port PA2 for I/O o |olo

Pl 1:SEG2

TR T S 3 0 : Port PAs for I/O o lolo

T || 1:SEGs

} } } e 4 0 : Port PA4 for I/O 0 |(o]lo

o - 1:SEG4

[ 5 0 : Port PAs for I/O o |olo

o - 1:SEGs

L 6 0 : Port PAs for /0 O lolo

} | 1:SEGs

b 7 0 : Port PA7 for I/O o lolo
1:SEG?

Fig. 3.3.18 Structure of Port PA segment/port switch register
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3.3 Control registers

FLDC mode regqister 1
b7 b6 b5 b4 b3 b2 bl b0

FLDC mode register 1 (FLDM1) [Address:3616]

B

Name

Function

At reset

Py

0

Tscan control bits

b1b0
0 0 : FLD digit interrupt

(at rising edge of each digit)
2 é % g E:ig} FLD blanking
11:30 Tdisp /) Inerupt

(at falling edge of the last digit)

0

o=z

Toff control bit
(Setting of digit/segment
OFF time)

b5 b4 b3 b2
0000:1/16 O Tdisp
0001:2/16 O Tdisp
0010:3/16 O Tdisp
0011:4/16 O Tdisp
0100:5/16 O Tdisp
0101:6/16 O Tdisp
0110:7/16 O Tdisp
0111:8/16 O Tdisp
1000:9/16 O Tdisp
1001:10/16 O Tdisp
1010:11/16 O Tdisp
1011:12/16 O Tdisp
1100:13/16 O Tdisp
1101:14/16 O Tdisp
1110:15/16 O Tdisp
1111:16/16 O Tdisp

Nothing is allocated for this bit. This is a write disabled bit.

When this bit is read out, the va

lue is "0."

High-breakdown-voltage
drivability selection bit

0 : Strong drivability
1 : Weak drivability

Fig. 3.3.19 Structure of FLDC mode register 1
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3.3 Control registers

FLDC mode register 2
b7 b6 b5 b4 b3 b2 bl b0

FLDC mode register 2 (FLDM2) [Address:3716]

B

Name

Function

Py

At reset

0

Automatic display control bit
(PO,P1,P20—P23,P3,P8,P9,PA)

: Ordinary mode

: Automatic display mode

o=

0

1

Display start bit

: Display stopped
: Display in progress

RO|—LrO

(display starts by writing “1” to
this bit which is set to “0".)

0

Tdisp control bits
(digit time setting)
(at 8 MHz oscillation
frequency)

b5 b4 b3 b2
0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010

128 pus
256 us
384 us
512 ps
640 ps
768 ps
896 ps
1024 us
1152 ps
1280 ps

: }Not available
1111

P1lo segment/digit switch bit

: Digit (DIGs)
: Segment (SEG 40)

P11 segment/digit switch bit

: Digit (DIG9)

0
1
0
1: Segment (SEG 41)

Fig. 3.3.20 Structure of FLDC mode register 2
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FLD data pointer
b7 b6 b5 b4 b3 b2 bl bo
Bl N N N S FLD data pointer (FLDDP) [Address:381s]

i i i i i i i i B Function Atreset | R |W
11 111 L]0 |Indicate the address of data which is transfered to the segmentof | 2 |O|D
A | | the FLD automatic display RAM.

R ? |o|o
[ ||

IR - 2EE
| | | | | —

T T A 3 2 lolo
| | | |

| | | | —i

R R S 4 ? |o|o
| | |

L 5 e
| |

O E— 6 2 |olo
|

LoD 7 | Nothing is allocated for this bit. This is a write disabled bit. o |olo

When this bit is read out, the value is "0."
Fig. 3.3.21 Structure of FLD data pointer
FLD data pointer reload register
b7 b6 b5 b4 b3 b2 bl b0
N I N N N - FLD data pointer reload register (FLDDP) [Address:3816]

N i R Function Atreset| R |W
| | | | | | |

L 1 1111 L]0 [Indicate the first digit address of the high-order segment. ? |O|O
| | | | | | |

A
| | | | | | | ]

R — AEE
| | | | | —

T T T 3 2> |olo
| | | |

| | | | —i

i i i L 4 ? |Ofo
| | | ]

. 5 ? |O|O
| |

R E— 6 2 |ofo
|

L 7 | Nothing is allocated for this bit. This is a write disabled bit. ? olo

Fig. 3.3.22 Structure of FLD data pointer reload register
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Zero cross detection control register

b7 b6 b5 b4 b3 b2 bl b0

Zero cross detection control register (ZCRCON) [Address:391s]

B Name Function Atreset| R [W
0 | Zero cross detection ON/OFF |0 : Without passing through zero 0 |O]|O
selection bit cross detection comparator
1 : Passing through zero
cross detection comparator
1 | Nothing is allocated for this bit. It is a write disabled bit. 0 |olOo
When this bit is read out, the value is "0."
2 | Noise filter sampling "00 : Note use noise filter 0 |9|0
_| clock selection bits 01 : f(XiN)/64 or f(Xcin)/64
3 |(INT2) 10 : f(Xin)/128 or f(Xcin)/128 0 |[o]o
11 : f(Xin)/256 or f(Xcin)/256
4 | One-sided/both-sided edge 0 : One-sided edge detection 0 |olo
detection selection bit 1: Both-sided edges detection (Note)
| 5 | Nothing is allocated for these bits. These are write disabled bits. o |90
6 | When these bits are read out, the values are "0." O |0
7 | Zero cross detection circuit 0: Lessthan OV o |olo
input bit (read-only) 1:0V ormore

Note : When the noise filter sampling clock selection bits (bits 2 and 3) of the Zero

cross detection control register (ZCRCON) (Address: 39 16) is set to “00” (when
no noise filter is used), the both-sided edge detection function is not available.

Fig. 3.3.23 Structure of Zero cross detection control register

Interrupt edge selection register

b7 b6 b5 b4 b3 b2 bl b0

Interrupt edge selecton reigster (INTEDGE) [Address:3Ais]

b Name Function Atreset | R |W

0 [INTo interrupt edge selection |0 : Falling edge active 0o |olo
bit 1 : Rising edge active

1 |INT1/ZCR interrupt edge 0 : Falling edge active 0 |lolo
selection bit 1: Rising edge active

2 |INTz interrupt edge selection |0 : Falling edge active 0 |olo
bit 1: Rising edge active

3 [INTs interrupt edge selection |0 : Falling edge active o lolo
bit 1 : Rising edge active

4 |INT4 interrupt edge selection |0 : Falling edge active o lolo
bit 1 : Rising edge active

5 | INT4/A-D conversion interrupt |0 : INT4 interrupt 0o |olo
switch bit 1: A-D conversion interrupt

6 |CNTRo pin active edge switch |0 : Falling edge active o |lolo
bit 1 : Rising edge active

7 | CNTR: pin active edge switch |0 : Falling edge active o lolo
bit 1 : Rising edge active

Fig. 3.3.24 Structure of Interrupt edge selection register

192

3819 Group USER’'S MANUAL




3. APPENDIX

MITSUBISHI MICROCOMPUTER

3819 Group

3.3 Control registers

CPU mode register
b7 b6 b5 b4 b3 b2 bl b0

CPU mode register (CPUM) [Address:3B1s]

I I I I I I I I
i i i i i i i i B Name Function Atreset| R |W
; bib
i i i i i i i || 0 | Processor mode bits 00 Single-chip mode 0 |olo
- 01:

| | | | | | |
N S 10: Not available 0 |O]|O
L L
R N R 2 | stack page selection bit 0:0 page 0 |ofo
oo 1:1 page
Lol Lo 3 | Xcour drivability selection bit [0 : Low 1 |ofo
o 1: High
R 4 |Port Xc switch bit 0 : I/O port function 0 [o]o
. 1 : Xcin—Xcour oscillating function
A 5 [Main clock (Xin-Xour) stop bit |0 : Operating o |o]|o
Lo 1: Stopped
| L ,,,,,,,,,,,,,,, 6 | Main clock division ratio 0 : f(Xin)/2 (high-speed mode) 1 ol|o
} selection bit 1 : f(Xin)/8 (middle-speed mode)
} 7 |Internal system clock selection |0 : Xin-XouT selected 0 O|0
e bit (middle/high-speed mode)

1 : Xcin-Xcout selected

(low-speed mode)
Fig. 3.3.25 Structure of CPU mode register
Interrupt request register 1
b7 b6 b5 b4 b3 b2 bl b0

B S S S N Interrupt request reigster 1 (IREQ1) [Address:3Cuis]
i i i i i i i i B Name Function Atreset | R
'L 11 I L]0 [INTointerrupt request bit 0 : No interrupt request 0 |O|o
[ N 1: Interrupt request
| | | | | | | -
I 1 1 1 1 1____|1|INT2/ZCR interrupt request bit |0 : No interrupt request 0 |olo
A 1 : Interrupt request
I i 2 |+ INTz interrupt request bit 0 : No interrupt request o |ofo
A T N - Remote control/counter 1: Interrupt request
oo overflow interrupt request bit
oo 3 |- Serial /O 1 interrupt request |0 : No interrupt request o |olo
N T N S bit 1 Interrupt request
[ * Serial /0 automatic transfer
b interrupt request bit
| | | | .
e 4 | Serial /0O 2 interrupt request | 0 : No interrupt request o |olo
SR bit 1 : Interrupt request
ol L] 5 | Serial I/0 3 interrupt request |0 : No interrupt request o |olo
} } bit 1: Interrupt request
oL 6 | Timer 1 interrupt request bit |0 : No interrupt request 0 |o]|o
} 1 : Interrupt request
L 7 | Timer 2 interrupt request bit |0 : No interrupt request 0 |olo

1 : Interrupt request

O "0"is set by software, but not "1."

Fig. 3.3.26 Structure of Interrupt request register 1
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3.3 Control registers

Interrupt request register 2

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request reigster 2 (IREQ2) [Address:3Dis]

I I I I I I I

i i i i i i i i b Name Function Atreset | R [W

011 Lo |Timer 3interrupt request bit |0 : Nointerrupt request 0 |O]|O0

[ } \ 1 : Interrupt request

| | | | | | N

Lo b L |1 | Timer 4 interrupt request bit 0 : No interrupt request 0 |O|O

Lo 1 : Interrupt request

R T N I 2 | Timer 5 interrupt request bit 0 : No interrupt request 0 |olog

b 1 : Interrupt request

A T N N 3 | Timer 6 interrupt request bit 0 : No interrupt request o |lolo

} } } } 1 : Interrupt request

A 4 | INTz interrupt request bit 0 : No interrupt request 0 |o|o

} } } 1: Interrupt request

Lo 5 |* INT4 interrupt request bit 0 : No interrupt request 0 Oolo

e, + A-D conversion interrupt 1: Interrupt request

b request bit

o 6 |+ FLD blanking interrupt 0 : No interrupt request o |olo

L] request bit 1: Interrupt request

| * FLD digit interrupt request bit

e 7 | Nothing is allocated for this bit. This is a write disabled bit. o |oln

When this bit is read out, the value is "0."
0 "0"is set by software, but not "1."
Fig. 3.3.27 Structure of Interrupt request register 2
Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl bo

1 1 1 1 1 1 | Interrupt control register 1 (ICON1) [Address:3Es]

i i i i i i i i B Name Function Atreset| R [W

©L 1L 1o |INTointerrupt enable bit 0 : Interrupt disabled o |olo

[ 1: Interrupt enabled

| | | | | | | -

11111 L |1 |INTYZCR interrupt enable bit |0 : Interrupt disabled 0 |olo

A R 1: Interrupt enabled

TR | 2 |+ INT2 interrupt enable bit 0 : Interrupt disabled 0 o|o

T - Remote control/counter 1: Interrupt enabled

I overflow interrupt enable bit

T 3 |+ Serial I/O 1 interrupt enable |0 : Interrupt disabled 0o |olo

A bit 1: Interrupt enabled

N - Serial 1/0O automatic transfer

Pl interrupt enable bit

| | | | s

e 4 | Serial 1/0 2 interrupt enable |0 : Interrupt disabled o |olo

bl bit 1: Interrupt enabled

o L] 5 [Serial /0 3 interrupt enable |0 : Interrupt disabled o |lolo

| bit 1: Interrupt enabled

L 6 | Timer 1 interrupt enable bit 0 : Interrupt disabled o |olo

| 1: Interrupt enabled

L 7 | Timer 2 interrupt enable bit 0 : Interrupt disabled 0 |olo
1 : Interrupt enabled

Fig. 3.3.28 Structure of Interrupt control register 1
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3.3 Control registers

Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0

9 B S N S Interrupt control reigster 2 (ICON2) [Address:3Fis]

i i i i i i i i b Name Function Atreset | R |W
' 0111 1 Lo [Timer 3interrupt enable bit 0 : Interrupt disabled 0 |ofo
Lo 1 : Interrupt enabled

| | | | | | .

C 00 1L _|1|Timer 4 interrupt enable bit 0 : Interrupt disabled 0 |[o]o
S 1 : Interrupt enabled

A T L ,,,,,, 2 | Timer 5 interrupt enable bit 0 : Interrupt disabled o |olo
oo 1: Interrupt enabled

A R T N S 3 | Timer 6 interrupt enable bit 0 : Interrupt disabled 0 olo
b 1 : Interrupt enabled

R S 4 |INTs interrupt enable bit 0 : Interrupt disabled 0 olo
o 1 : Interrupt enabled

Lo 5 |* INT4 interrupt enable bit 0 : Interrupt disabled 0 [O]O
[ + A-D conversion interrupt 1: Interrupt enabled

b enable bit

Lo 6 | FLD blanking interrupt 0 : Interrupt disabled 0 O|0O
b enable bit 1 : Interrupt enabled

| * FLD digit interrupt enable bit

L 7 | Fix this bit to "0." 0 |olo

Fig. 3.3.29 Structure of Interrupt control register 2
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3. APPENDIX 3.4 Mask ROM ordering method
3.4 Mask ROM ordering method
GZZ-SH07-32B <33B0 >
740 FAMILY MASK ROM CONFIRMATION FORM ask FOM rumber | |
SINGLE-CHIP MICROCOMPUTER M38197MA-XXXFP
MITSUBISHI ELECTRIC Date : ,
Section head| Supervisor
= signature signature
k:

Note : Please fill in all items marked 3k.

Company TEL " Submitted by | Supervisor
name ( ) § g
# | Customer g g
Qo
Date Date : 2 5
issued :

* 1. Confirmation
Specify the name of the product being ordered and the type of EPROMSs submitted.
Three EPROMSs are required for each pattern.
If at least two of the three sets of EPROMSs submitted contain identical data, we will produce masks based on
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs.

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

0 27512

In the address space of the microcomputer, the

EPROM address internal ROM area is from address 608015 to
000016 Product name

ASCIl code : FFFD1s. The reset vector is stored in addresses
000F18 ‘M38197MA -

001016 % FFFC1s and FFFD1s.
607F1e /%

608018 data
FEFD1e /ROM 40830 bytes
FFFE1s //////
FFFFis % /)
(1) Set the data in the unused area (the shaded area of Address Address
the diagram) to “FF1e". 00001s | ‘M'=4D1s 000818 | ‘= =2D1s
(2) The ASCII codes of the product name “M38197 000115 :3: =331 000916 FF s
MA-"must be entered in addresses 00001s to 00021e §=381 000A1s FPue
v 000316 | '1"=31 18 000B1s FFis
00081s. And set the data “FF1e” in addresses 00091s 000416 | ‘=391 | 000Cs FF 15
to 000F1s. 000516 ‘7'=37 18 000D1s FFis
The ASCII codes and addresses are listed to the 000616 | ‘M'=4D 15 000E1s FF s
right in hexadecimal notation. 000716 | ‘A'=411s 000F1s FF 1
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GZZ-SH07-32B <3380 >

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38197MA-XXXFP
MITSUBISHI ELECTRIC

We recommend the use of the following pseudo-command to set the start address of the assembler source program.

EPROM type 27512
The pseudo-command BWEZA‘&%%(;%?M A=

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.

#* 2. Mark specification

Mark specification must be submitted using the ccrrect form for the package being ordered. Fill out the appropriate
mark specification form (100P6S for M38197MA-XXXFP) and attach it to the mask ROM confirmation form.

# 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
[] External clock input [] Other( )

At what frequency? fXin) = E MHz

(2) In which operation mode will you use your microcomputer ?

[ Single-chip mode [1 Memory expansion mode

[CJ Microprocessor mode

# 4, Comments

MITSUBISHI MICROCOMPUTER

3819 Group

3.4 Mask ROM ordering method

Mask ROM number

3819 Group USER’'S MANUAL
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3. APPENDIX 3.5 Mark specification form

3.5 Mark specification form

100P6S (100-PIN QFP) MARK SPECIFICATION FORM

’ Mitsubishi IC catalog name

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special
mark (if needed).

A. Standard Mitsubishi Mark

) @
AR AR AR AR RARRARRRARRR
) o )
z -
=| | & = — —— - Mitsubishi IC catalog name
% Mitsubishi ot number| %
= (6-digit or 7-digit) %
@= =0
) @
B. Customer's Parts Number + Mitsubishi Catalog Name
@ &
R AR AR AR RRRARARARRRR - - =~ Customer's parts number
== g@) { Note : The fonts and size of characters are standard
s = Mitsubishi type.
== 1 :%"—_J r~- Mitsubishi IC catalog name
= == I
% * % - Note3 : Customer’s parts number can be up to 14 char-
% Mitsut?is‘hi tot nu.m‘ber == acters ©
== (edigtor7-aigh) | | &S Only 0~9, A~Z,+, —, /. (, ), & ©, . (period),
®== == and , (comma) are usable.

4 if the Mitsubishi logo A is not required, check
the box below.

) A Mitsubishi logo is not required
Note1 : The mark field should be written right aligned. D

2. The fonts and size of characters are standard
Mitsubishi type.

C. Special Mark Required Note1: If the special mark is to be printed, indicate the
desired layout of the mark in the left figure. The
layout will be duplicated as close as possible.
Mitsubishl lot number (6-digit or 7-digit) and
mask ROM number (3-digit) are always marked.

2 If the customer's trade mark logo must be used
in the special mark, check the box below.
Please submit a clean original of the logo.

For the new special character fonts a clean font
original (ideally logo drawing) must be sub-
mitted.

Special logo required

[]

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

198 3819 Group USER’S MANUAL



MITSUBISHI MICROCOMPUTER

3819 Group
3. APPENDIX 3.6 Package outline
3.6 Package outline
100P6S—A Plastic 100pin 14X 20mm body QFP

EIAJ Package Code JEDEC Code Weight(g)

* QF P100~-P-1420 — 1.58 Mb
Scale : 2/1 Ho @% l A

= ‘
D

00

E

AARARARAARRAARARARAA

o O

SP_A L
S O e i

Recommended Mount Pad

e

ARAAAAAARAARARAAAAARARRA

&

Dimension in Millimeters

CREELERELEEEEERECEEL CELEE
E

L
+ Symbol Min Nom Max |
A — — 3.05
Al 0 0.1 0.2
A2 - 2.8 =
O b 0.25 0.3 0.4
@ c 0.13 0.15 02
D 13.8 14.0 14.2
@%HHHHHHHHHHHHHHHHHH@%__. 2 o8 500 505
[e] - 0.65 —
Ho | 165 16.8 17.1
He | 225 22.8 23.1
L 0.4 06 0.8
i L1 — 14 —
HHHHHHHA v i y — — 0.1
F ] 0 = 10°
(el Lb— 2 ot ->—L—'- ) — 0.35 =
oy g e | 13 = -
Mp — 146 —
Me - 20.6 —
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3.7 Memory map

000016
000116
000216
000316
000416
000516
000616
000716
000816
000916
000A16
000B16
000C16
000D16
OO0OEz1e
000F16
001016
001116
001216
001316
001416
001516
001616
001716
001816
001916
001Az16
001B1e
001C16
001D16
001Ez1e
001F16

Port PO (P0)

Port P1 (P1)

Port P2 (P2)

Port P2 direction register (P2D)

Port P3 (P3)

Port P4 (P4)

Port P4 direction register (P4D)

Port P5 (P5)

Port P5 direction register (P5D)

Port P6 (P6)

Port P6 direction register (P6D)

Port P7 (P7)

Port P7 direction register (P7D)

Port P8 (P8)

Port P8 direction register (P8D)

Port P9 (P9)

Port PA (PA)

Port PA direction register (PAD)

Port PB (PB)

Port PB direction register (PBD)

Serial I/0 automatic transfer data pointer (SIODP)

Serial I/01 control register (SIO1CON)

Serial I/0 automatic transfer control register (SIOAC)

Serial I/0O1 register (SI01)

Serial I/0 automatic transfer interval register (SIOAI)

Serial I/02 control register (SIO2CON)

Serial I/03 control register (SIO3CON)

Serial 1/02 register (S102)

002016
002116
002216
002316
002416
002516
002616
002716
002816
002916
002A16
002B16
002C16
002D1s
002Ez1e
002F16
003016
003116
003216
003316
003416
003516
003616
003716
003816
003916
003A16
003B16
003C16
003D16
003Ez1e
003F16

MITSUBISHI MICROCOMPUTER

3819 Group
3.7 Memory map

Timer 1 (T1)

Timer 2 (T2)

Timer 3 (T3)

Timer 4 (T4)

Timer 5 (T5)

Timer 6 (T6)

Serial I/O3 register (SI03)

Timer 6 PWM register (T6PWM)

Timer 12 mode register (T12M)

Timer 34 mode register (T34M)

Timer 56 mode register (T56M)

D-A conversion register (DA)

AD-DA control register (ADCON)

A-D conversion register (AD)

Interrupt interval determination register (11D)

Interrupt interval determination control register (IIDCON

Port PO segment/digit switch register (POSDR)

Port P2 digit/port switch register (P2DPR)

Port P8 segment/port switch register (P8SPR)

Port PA segment/port switch register (PASPR)

FLDC mode register 1 (FLDM1)

FLDC mode register 2 (FLDM2)

FLD data pointer (FLDDP)

Zero cross detection control register (ZCRCON)

Interrupt edge selection register (INTEDGE)

CPU mode register (CPUM)

Interrupt request register 1 (IREQ1)

Interrupt request register 2 (IREQ2)

Interrupt control register 1 (ICON1)

Interrupt control register 2 (ICON2)
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3.8 Pin configuration

3. APPENDIX

3.8 Pin configuration

< 0D O~ 0O =
GOOBOA SE-2 S
gaoaoaoa p XXWE ZZ
SSQANSL8L Y3 zamuUISdSS
1111115383 113300333
EBl=l=l=Tl=T= ===l E=E]
£19|a/STd «—[1] <«»vINI/rvd
19|/ Td «— [ O «—¥OZ/TINI/SPd
19|Q/eTd «—[E] <> LNOT | /9% d
019|Q/eTd «+—[i3] > L1nog /iy d
691Q/wOIS/TTd «— [&] «»09d
89|Q/0vDIS/0Td «— [53] «“»NMd/19d
£91Q/6e93S/L0d «+— [=] «»041ND/29d
991Q/8693S/90d «— [ > TH1IND/E9d
$91Q/:£93S/50d +— [&] > INIS/P9d
v9|Q/%€DAS/Y0d «— o] <> TLN0S/59d
£91Q/%€93S/60d «— [] a > TDI19S/99d
291Q/¥e93S/20d «— ] s > TDIOS/SD/TAGES/L9d
191Q/££93S/10d «— ] X > 8NV/2NIS/05d
091Q/2e93S/00d «— [9] x [21] «> 6NV/21N0S/1Gd
1£935/.8d «— 5] m [51] 4> OTN /24195 /2Gd
0£93S/9€d «— [&9] = <> TTNV/2AQES/5Gd
6293S/5€d «— 1] 9 <> TINV/ENIS/YSd
8293S/7Ed «— [&] 9 [£7] «» EINV/€LN0S /G d
2935/eed «— [] s [21] > VINV/EX19S/9Gd
9293S/2Ed +— [0 [17] 4> STNV/€AQ¥S/2Gd
293S/1€d «— [ [or] «» varedd
v293S/0ed «— ] [(]«»cdad
£2935/L6d +— ] [£]«»ONV/0Ld
22935/96d «— [Z] [Z]» INV/TLd
1293S/56d «— [&Z] []«»2Nv/eLd
0293S/r6d +— [&Z] [S]«>ENV/ELd
61935/66d «+— [Z] [F]¢>vNV/7.d
81935/26d +— [ [£]«>SNV/s.d
1193S/16d «— [&Z] Q [2]4>9NV/9Ld
9193S/06d «— [z} [T]4>INV/2Ld
El=l=l=sls]=]]]l=N]]]elsl=ls]]E]
%%%%%%EEEEVEEEEEEVVW
QOOPPHLLLY LLLLRY =
8838SPFIL SFLLET

Package type : 100P6S-A
100-pin plastic-molded QFP
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