MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT 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.
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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
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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
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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
instruction set.

Machine-resident 740 family instructions are as follows:

The FST, SLW instruction cannot be used.

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

CPU Mode Register

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

| | | | | | | | | 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. BA-1 Structure of CPU mode register
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ELECTRIC



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.

000016
RAM area SFR
RAM capacity area Zero
(bytes) Address XXXX16 004016 page
192 00FF16
256 013F16 010016
RAM
384 01BF16
512 023F16
640 02BF16 XXXX16 | o .
768 033F16
896 03BF16 Reserved area
1024 043F16
044016
1536 063F16 Not used
2048 083F16 OEQO16
OF1F16 RAM area for serial I/O automatic transfer
Not used
ROM area 0OF8016
: RAM area for FLD automatic display
ROM t
(b;ti’;?c' Y| Address YYYY1s | Address zzzz1s OFDF16
4096 F00016 F0801s _ Not used
YYYYw [ """ TTTToonmommeamemme
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 RO EF0016 -
40960 600016 608016 M
45056 500016 508016 FFDC16
49152 400016 408016 Special
53248 300016 308016 Interrupt vector area page
57344 200016 208016
FFFE16
61440 100016 108016 Reserved ROM area
L FFFF1e _
Fig. CA-1 Memory map
8 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. CA-2 Memory map of special function register (SFR)
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MITSUBISHI MICROCOMPUTERS

3819 Group

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

10
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MITSUBISHI MICROCOMPUTERS

3819 Group

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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MITSUBISHI MICROCOMPUTERS

3819 Group

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———»| Portlatch | DOJi
~N
O : High-breakdown-voltage P-channel transistor
Note: The dimmer signal sets the Toff timing.
Fig. UA-2 Port block diagram (1)
12 MITSUBISHI

ELECTRIC



MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(5) Ports P3, P9

Dimmer signal —»o

Local data bus (Note)

Databus — 4 5° Port latch

Lo

bd!
~N

(6) Ports P4o, P4s
Data bus )\/II O

INTo, INTz interrupt input 4—@7

" zerocoss L ] 1
| detection |
circuit
“input — — — — — T T T T -
(only P4s)

(7) Ports P42—P4a4, P62, P63

= Direction ﬁ
register
=10
Data bus — »[ Porateh |1 D"Ji

~N

INT2—INT4 interrupt input é
CNTRo,CNTRu1 input

(8) Ports P4s, P47, P61
Timer 1 output selection bit
Timer 3 output selection bit—
Timer 6 output selection bit

™ Direction

. J
register } O
il

Data bus—s—»{ Port latch 4D°J

~
Timer 1 output

Timer 3 output 4%

Timer 6 output

0 : High-breakdown-voltage P-channel transistor

Note: The dimmer signal sets the Toff timing.

Fig. UA-3 Port block diagram (2)
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MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(9) Ports PSo, P54, P64

—={ Direction ﬁ
register 4DT

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

(11) Ports P53, P57, P67

Sroy output enable bit —

| Direction '»—@‘
register
—O

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 4DDT
owarus o}

(12) Port P7

~N

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

Fig. UA-4 Port block diagram (3)
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MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(13) Ports P8, PA

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

Local ) Directionregister]

data bus

Data bus —¢— ° Port latch

< —0

(14) Port PBo
Port Xc switch

bit
— Direction ﬁ
register
—O
Data bus—¢-»[ portlaish |1 D

Oscillation circuit

Port P314|>07

Port Xc switch bit

(15) Port PB1 ‘Port Xc switch

bit
—»{ Direction ﬁ
register
—O
Data bus—+»|_Port latch ADOJ
~
Sub-clock generating circuit input
(16) Port PB2
1 Direction 4D3—‘§
register
—O

pata bus—{ - Portlt | >

~N

D-A conversion output ——»o o
D-A output enable bit

O : High-breakdown-voltage P-channel transistor

Note: The dimmer signal sets the Toff timing.

Fig. UA-5 Port block diagram (4)
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MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

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.

16
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MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Interrupt request bit —

Interrupt enable bit —

Interrupt disable flag (1)

BRK instruction
Reset

Interrupt request

Fig. DD-1 Interrupt control

bo
| | | Interrupt edge selection register
(INTEDGE : address 003A16)

INTo interrupt edge selection bit

INT1/ZCR interrupt edge selection bit
INT2 interrupt edge selection bit
INT3 interrupt edge selection bit
INT4 interrupt edge selection bit

0 : Falling edge active
1: Rising edge active

0 : INTa4 interrupt

INT4/AD conversion interrupt switch bit 1

CNTRo pin active edge switch bit } 0:

: A-D conversion interrupt

Rising edge count

b7

CNTR1 pin active edge switch bit 1 : Falling edge count
bo . b7 bo .
| | | Interrupt request register 1 | | | | | | | | | Interrupt 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 Timer 5 interrupt request bit
Remote control/counter overflow Timer 6 interrupt request bit
interrupt request bit INT3 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 .
11 Interrupt control register 1 []

b0
[T T T]

Interrupt control register 2

(ICONL1 : address 003E16)

INTo interrupt enable bit
INT1/ZCR interrupt enable bit
{INTz interrupt enable bit

Remote control/counter overflow
interrupt enable bit
{Serial 1/01 interrupt enable bit
Serial I/0 automatic transfer
interrupt enable bit

(ICON2 : address 003F 16)

Timer 3 interrupt enable bit
Timer 4 interrupt enable bit
Timer 5 interrupt enable bit
Timer 6 interrupt enable bit
INT3 interrupt enable bit
{INT4 interrupt enable bit
AD conversion interrupt enable bit

Serial 1/02 interrupt enable bit

{FLD blanking interrupt enable bit
FLD digit interrupt enable bit

Serial I/03 interrupt enable bit

Timer 1 interrupt enable bit

Timer 2 interrupt enable bit

Not used (returns “0” when read)
(do not write “1” to this bit)

0 : Interrupts disabled
1: Interrupts enabled

Fig. DD-2 Structure of interrupt-related registers
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MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

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. FB-3). 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.

18 MITSUBISHI
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Xcin O—I@ '
Internal system

Data bus

Timer 1

count Timer 1 latch (8)
source

o gl_ock selection | «» selection bit
it — Q i
o Timer 1 (8)
X O—| B>t —=5 7 —
0 Timer 1
P46/T1lout P4e latch (k;?tum siop
Timer 1 output
selection bit
Timer 2
source | Timer 2 latch (8)
P4s direction register 007} selection bit -
woT° k Timer 2 (8) .
“10”  Timer 2
count stop
Rising/faling bit
P62/CNTRo edge switch
Timer 3
o
source Timer 3 latch (8)
«17| selection bit
L3 k Timer 3 (8)
P47/T30ut P47 latch ‘0" Timer 3 d
count stop bit
Timer 3 output ;
selection bit Iémﬁ{ 4 ;
u Timer 4 latch (8)
source
“01"| selection bit
P47 direction register TO ° -Timer 4
“10"  Timer 4
S count stop
ising/falling bit
P63/CNTR1 edge switch I
Timer 5
source Timer 5 latch (8)
17| selection bit
L > k Timer 5 (8) .
0 Timer 5
count stop bit
Timer 6

00"

—AAC O

count Timer 6 latch (8)
source

017} selection bit

> Timers @]

“10” Timer 6

P61/PWM O

<}+<}Pé1 1atch
Q
B ]
O
Timer 6 output 0
selection bit

count stop
bit
| Timer 6 PWM register (8) |

o [pwn]
gy

Timer 6 operating

mode selection bit

P61 direction register

RESET

‘ STP instruction

Timer 1 interrupt request

Timer 2 interrupt request

Timer 3 interrupt request

Timer 4 interrupt request

Timer 5 interrupt request

Timer 6 interrupt request

Fig. FB-1 Timer block diagram
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3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

|b7| | | | | | |b0| Timer 12 mode register |b7| | | | | | |b0| Timer 34 mode register
(T12M : address 002816) (T34M : address 002916)
L Timer 1 count stop bit L 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)
L 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. FB-2 Structure of timer-related registers
20 MITSUBISHI
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

ts
> <
Timere [ V|||
count
source ]
Timer 6
PWM output
nlts

mdts

(n+m)Ots

¢

Timer 6 interrupt request

Timer 6 interrupt request

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.

Fig. FB-3 Timing in timer 6 PWM mode
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3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

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.

22
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

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 110 shift register 1(8) }J

Synchronous
clock selection

bit aqn

Frequency dividel

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

P50/Sinz - O

P57 latch
“Qr
P57/SroY3

“1”0&@'(—0\2 Ir|1terknal isynphrcl))r]ous
Srov2 output selection bit Exiermal clock “Qr clock selection bit

’I Serial 1/0 shift register 2(8) }J

Frequency dividel

uqn

“0"0< P5g latch
P56/ScLk3

o
P5s/Souts Oiofg(_ PSs latch

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

ScLk:

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).

| » Serial I/0 automatic
transfer interrupt request

Serial /01
> interrupt request

Serial 1102
interrupt request

Serial 1/03
interrupt request

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

Fig. GA-1 Serial I/O 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. GA-2 Structure of serial I/O control registers

24

MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

3819 Group
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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 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.

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.

Synchronous
clock

Transfer clock

Serial I/O register
write signal

Serial I/O output
Sout

Serial I/O input
SIN

Receive enable
signal
SRDY

Interrupt request bit set

Note : If internal clock is selected, the Sout pin goes to hlgh impedance state
at the completion of data transfer.

Fig. GA-3 Serial I/0O timing in the serial /0 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 | | | | | | | |b0| Serial I/0 automatic transfer control register
setting the serial 1/0 automatic transfer control register (ad- r (SIOAC : address 001A16)
dress 001A16). Automatic transfer control bit
The followi ) d ist dt bl 0 : Serial I/O ordinary mode
e fo 9wmg memory spaces and registers used to enable (serial O1 interrupt)
automatic transfer mode: 1 : Automatic transfer mode
« 32-byte serial I/O automatic transfer RAM (serial I/O1 automatic transfer interrupt)
« A serial 1/0 automatic transfer control register getﬁ::\:gfetrrigrsnf;resﬁtg: bit
* A serial 1/0 automatic transfer interval register 1 Transferring(starts by writing “1")
« A serial /0O automatic transfer data pointer Transfer mode switch bit
When using serial /0 automatic transfer, set the serial 1/01 0: FU'Z’Up'eX(”ansm" and receive)
control register (address 001916) in the same way as the se- mode
rial 1/0 ordinary mode. However, note that when external
clock is selected, port P67 becomes the CS input pin by set-

1 : Transmit-only mode
Synchronous clock output
ting the bit 4 (the SRDY1 output selection bit ) of the serial /01
control register to “1”.

pin selection bit

0 : Sciki1

1: Sciki2

Not used (return “0” when read)

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.

Fig. GA-4 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. GA-5 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. GA-6 Serial /0 automatic transfer interval timing
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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 LSB first (SC1s="0"): MSB LSB
MSB first (SC1s = “1”) : LSB MSB
DO7| DOs | DOs| DO4 | DOs| DOz | DO1 | DOo
SiN Sout
—> Dlo | DO7 | DOs | DOs | DO4 | DO3 | DOz | DO1 >
> Dl1 | Dlo | DO7 | DOs | DOs | DO4 | DO3 | DO2 [ —>
- Dl2 | DIz | Dlo | DO7 | DOs | DOs | DO4 | DO3
—I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I DIz | Dl | DIs | Dla | DIz | Dl2 | DIl1 | Dlo
Transfer clock Serial 1/01 register
Fig. GA-7 Serial /01 register transfer operation in full duplex mode
MITSUBISHI 27

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 SrRDY1 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/ScLK11
with the following registers (refer to Table GA-1):

e the bit 3 (SC13), the bit 4(SC14), and the bit 6(SC1s6) of the se-

When using both the ScLk11 and SckLi12 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 GA-1. ScLk11 and ScLk12 selection

rial I/O1 control register

e the bit 3 (SIOAC3) of the serial I/O automatic transfer control

register

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

Note : SC13: Serial /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 /0O

transfer control register

Write signal from RAM to
serial /01 register

Write signal from serial 1/01
register to RAM

Data pointer

Transfer clock
(internal or Scik output)
Receive

enabled signal

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

SRDY

Serial I/O output  _______
Sout
Serial 1/0 input
SIN

(DloX DI1Y DI2X DIsX Dl4X DisX DlsX DIv

Transfer interval

Fig. GA-8 Timing diagram during serial /0O automatic transfer (internal clock selected, SRpY used)

Bit 1 write signal of serial /0

automatic transfer control _1
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/O automatic
transfer control register

Transfer clock

ScLk12 output

(internal) il £
|
Seazoutput ] [ [ LML

]
;
?
|
T
|

Serial I/O output
Sout

Serial 1/0 input
SIN

{DoXDoXD0:X DoXD0:XDOXDOXDO)

€D €D €1 €0 €1 €1 ©1 €]

Transfer interval

Fig. GA-9 Timing during serial /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 I/0 automatic transfer

interval register are invalid, but the serial I/O output pin SouTt1 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 (SC1s) of the serial /01 control
register

o the bit 0 (SIOACo0) of the serial I/O 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-
quest bit is set and the bit 1 of the serial I/0 automatic transfer
register is cleared at the point when the specified number of bytes
of data have been transferred.)

Table GA-2. P67/SRDY1/CS selection

SCie 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 /0O
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 /01

register to RAM

Data pointer n

External input —|

cs |
|

Serial 1/0 output

Serial 1/O input
SIN

T o WL LU R rLrLrLr
ScLk input | |

|

Transter dook ] [ [ [T LI LI LML |

(internal) | |

|

|
l
|
|
| ! |
| |
soor =~ (X XBOXBOKBONBOHBONETHEONTOr )} ---7--=--==== ===~
| |
I |

Note: Data marked with X is invalid.

Fig. GA-10 Timing during serial I/O automatic transfer (external clock selected)
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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".

AD/DA control register
(ADCON : address 002Cz1s6)

Analog input pin selection bits
b3 b2 bl b0
0

b0
LLTTTTTT]]
[

1 P70/ANo

1 P71/AN1

1 P72/AN2

1 P73/ANs

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. JA-1 Structure of A-D control register

30 MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Data bus

b0

AD-DA control registerl I I I I

(address 002C1s) J

-
J ]

P70/ANo

A-D control circuit

P71/AN1
P72/AN2
P73/AN3
P74/ANa
P75/ANs
P76/ANe
P77/AN7
P50/Sin2/ANg
P51/Sout2/ANg
P52/ScLk2/AN10

Comparator

A-D conversio

n register

(Address 002D 16)

P53/Srpy2/AN11

P54/Sin3/AN12
P55/Souta/AN13
P56/ScLk3/AN14
P57/Srpy3/AN15

Channel selector

Resistor ladder

VREF

AVss

A-D conversion interrupt request

Fig. JA-2 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).

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

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.

Data bus

D-A conversion register (8)

Y

R-2R resistor ladder

DA output enable bit

—O/O—Q PB2/DA

Fig. JB-1

D-A converter block diagram

"0" DA output enable bit

PB2/DA ()0

e

D-A conversion
register

AVss O

VREF O

Fig. JB-2 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
O0FBO16 | G1 (SEG P3)  V[P9ASEGs
G2 (SEG P3) P9s/SEGw| 8
P94/SEGz20
P9s/SEGa21
OFBF16| G16 (SEG P3) 00125
OFCO016| G1 (SEG P0)

G2 (SEG PO) P30/SEG24
L |P31/SEG2s
 V[P3SEGs

P3s/SEGz| 8
G15 (SEG P0) P34/SEG2s
OFCF16| G16 (SEG P0) P3s/SEGa2g
OFDO016| 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. KA-1 FLD control circuit block diagram
32 MITSUBISHI

ELECTRIC



MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

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. KA-2 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. KA-3 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 L-1. 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. KA-4 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.

MITSUBISHI a5
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Bit 7 6 5 4 3 2 1 0
Address

0F8016 SEG7 SEGs SEGs SEG4 SEG3 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 SEG4 SEG3 SEG2 SEG1 SEGo

OF8F16 SEG7 SEGs SEGs SEG4 SEG3 SEG2 SEG1 SEGo

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

OF9L1c SEGis | SEGu4 | SEGis | SEGiz | SEGu | SEGwo | SEGs | 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 SEGuis SEG17 SEG16

OFAF16 SEG23 SEG22 SEG21 SEG20 SEG19 SEGuis SEG17 SEG16

OFBO16 SEGa1 SEG30 SEG29 SEG2s SEG27 SEG26 SEG2s SEG2s4 | <+4— The last digit

OFBLus SEGa | SEGm | SEGze | SEGazs | SEGzr | SEGazs | SEGzs | SEGz (The last data of segment P3)
Segment P3
data area

OFBE1s SEG31 SEG30 SEG29 SEG2s SEG27 SEG26 SEG25 SEG24

OFBF16 SEG31 SEG30 SEG29 SEG28 SEG27 SEG26 SEG25 SEG24

OFCO016 SEG39 SEGss SEG37 SEGs3s SEGss SEG34 SEGs3 SEG32 <+— The last digit

OFCl1s SEGas | SEGss | SEGsr | SEGss | SEGas | SEGss | SEGss | SEGa (The last data of segment PO)
Segment PO
data area

OFCEu1s SEG39 SEGss SEG3s7 SEGss SEGss SEGs4 SEGss3 SEG32

OFCFi6 SEG39 SEGss SEG37 SEGss SEGss SEGs4 SEGss3 SEG32

OFDO16 SEGa1 SEG4 | < The last digit

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

OFDE1e SEG41 SEGu40

OFDF16 SEG41 SEGu40

Fig. KA-5 FLD automatic display RAM and bit allocation
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e 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
OF9416 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. KA-6 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. KA-6 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. KA-7 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 |2s6
1 54T1/1‘28 Data bus

Divider
f(Xin)

Fig. DE-1 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. DE-2 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. DE-3 Interrupt interval determination operation example (at rising edge active)
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(When [IDCONa4 = “17)

Noise filter
Sampling clock
INT2 pin

Acceptance
of interrupt

Counter B

sampling clock
N FE FF

_ ] 3 4
8-bit binary 1 1 2 1 1 1
up counter value 0 0 | 0 |—|‘ 0 |—|‘ 0 |—|‘ 0 —- o
N 1 4 1 1 1 FF

Interrupt interval ¢ ¢ ¢ ¢ ¢ ¢

determination KN 1 — > 4> 1 > 1 > 1 ——><FF—--

register value Remote  Remote Remote Remote Remote Remote Counter
control control control control control control overflow
interrupt  interrupt interrupt  interrupt  interrupt  interrupt interrupt
request request request request request request request

Fig. DE-4 Interrupt interval determination operation example (at both-sided edge active)
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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. JE-1 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. JE-2 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
fxon) 16428
CIN -
SR
Fig. JE-3 Block diagram of zero cross detection circuit
MITSUBISHI 43

ELECTRIC



MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

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. JE-4 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‘ : * > it 4 of 2RC.
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. JE-5 Timing of noise filter circuit
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RESET CIRCUIT

To reset the microcomputer, RESET pin should be held at an “L”
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
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.

Poweron
e
/Natey
Power source (Note)
voltage
RESET Vce ov
+———+  Resetinput
—Pp—— voltage
= 0.2Vcc
7 ov —
Note : Reset release voltage : Vcc = 2.8 V
RESET Vce
Power source voltage
|y S 7 detection circuit
I I
I I
I I
I I
I
I I
I I
I I
I I
L _

Fig. VB-2 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. VB-2 Reset sequence
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Address Register contents Address Register contents
(1) Port PO (000016)---‘ 0016 ‘ (31) Timer 6 (002516)---‘ FF1s ‘
(2 PortP1 (000216)- 0016 | (32 Timer 12 mode register (0028:0)--:| 00 |
(3) Port P2 (000416) ‘ 0016 ‘ (33) Timer 34 mode register (002916) ‘ 0016 ‘
(4) Port P2 direction register (000516) ‘ OF16 ‘ (34) Timer 56 mode register (002/'\16)---‘ 0016 ‘
(5) PortP3 (000616) -+ ‘ 0016 ‘ (35) D-A conversion register (002B1s6)- ‘ 0016 ‘
(6) PortP4 (000816)- 0016 | (36) ADIDA control register (002C10)-- 1010 |
(7) Port P4 direction register (000916) ‘ 0016 ‘ (37) Interrupt interval determination ~ (003116) ‘ 0016 ‘
(8) PortP5 (0O00A16) ‘ 0016 ‘ control register
(9) Port P5 direction register (000B16) ‘ 0016 ‘ (38) Port PO segment/digit (003216) ‘ 0016 ‘
(10) Port P6 (000C1e)-| 0016 | switch register
(11) Port P6 direction register (000D1e)---‘ 0016 ‘ (39) Port P2 digit/port switching (003316) ‘ 0016 ‘
(12) Port P7 (000E1s)- - ‘ 0015 ‘ register
(13) Port P7 direction register (000F1e)---‘ 0016 ‘ (40) Port P8 segment/port (003416) ‘ 0016 ‘
(14) Port P8 (001016) ‘ 0016 ‘ switch register
(15) Port P8 direction register (001116)-- ‘ 0016 ‘ (41) Port PA segment/port switch (003516) - - - ‘ 0016 ‘
(16) Port P9 (001216) ‘ 0016 ‘ (42) FLDC mode register 1 (003616) ‘ 0016 ‘
(17) Port PA (001416) ‘ 0016 ‘ (43) FLDC mode register 2 (003716) ‘ 0016 ‘
(18) Port PA direction register (001516)---‘ 0016 ‘ (44) Zero cross detection control (003916)---‘ 0016 ‘
(19) Port PB (001616) - - ‘ 0015 ‘ register
(20) Port PB direction register (001716) ‘ 0016 ‘ (45) Interrupt edge selection register (003A1e)---‘ 0016 ‘
(21) Serial 1/01 control register (001916)---‘ 0016 ‘ (46) CPU mode register (003816)---‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0 ‘
(22) Serial 1/0 automatic transfer (001A1e)---‘ 0016 ‘ (47) Interrupt request register 1 (OOSCm)---‘ 0016 ‘
control register (48) Interrupt request register 2 (003D16) ‘ 0016 ‘
(23) Serial 1/0 automatic transfer (001C1e)---‘ 0016 ‘ (49) Interrupt control register 1 (003E1e)---‘ 0016 ‘
interval register (50) Interrupt control register 2 (OOSFIG)---‘ 0016 ‘
(24) Serial 1/02 control register (001D1e)---‘ 0016 ‘ (51) Processor status register (PS)---‘ O ‘ O ‘ O ‘ O ‘ O ‘ 1 ‘ O ‘ m] ‘
(25) Serial 1/03 control register (001Ez1s) ‘ 0016 ‘ (52) Program counter (PCH) -+ ‘ Contents of address FEFD1s
(26) Timer 1 (002016) ‘ FFie ‘ (PCL)"" Contents of address FFFC1s
(27) Timer 2 (002116). -+ ‘ Ol1s ‘
(28) Timer 3 (002216) -+ ‘ FE15 ‘
(29) Timer 4 (002316) - -~ ‘ FF1s ‘
(30) Timer 5 (002416). - - ‘ FF1s ‘

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

Fig. VB-3 Internal status at reset
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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. WA-1 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. WA-2 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. WA-3 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)

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

CMs
aqr g

is ended.
Timer operates in the wait mode.

oW

CMs = 0 (Xin oscillating) CMs = 0 (Xin oscillating) b7 bo CPU mode register
CMa = 1 (32 kHz oscillating) CMa =1 (32 kHz oscillating) | | | | | | | | |(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) CM? : 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

: 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.

Fig. WA-4 State transitions of system clock

MITSUBISHI
ELECTRIC

49



MITSUBISHI MICROCOMPUTERS

3819 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

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.
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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
XC-1 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. XC-1 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 \%
Vi Input voltage XCIN Output transistors are cut off. 03 toVce +0.3 V;
Vo Output voltage P00—P07, P10-P17, P20-P23, Ve —40 to 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 5.0 5.5 \Y
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,
I0H(peak) P50-P57, P60-P67, P70-P77, -10 mA
(Note 2)  PBo-PB3
“L” peak output current P24-P27, P41-P44, P4s, P47,
IOL(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) PB0—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)

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, P4se, P47,
VoL P50-P57, P60-P67, P70-P77, loL=10 mA 2.0 \
PBo—PB3
VT4 VT Hysteresis INTo—INT4, SINg, SIN2, SIN3, Sciki1, | When using a non-port 04
ScLK2, ScLK3, CS, CNTRo, CNTR1 function .
VT+-VT1- Hysteresis RESET, XIN 0.5 \Y
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, PA0—PA7 (Note) Vi=Vee 5.0 HA
IH “H" input current  RESET, XCIN Vi=Vcc 5.0 HA
IH “H” input current  XIN Vi=Vcc 4.0 uA
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 UA
IL “L” input current  XIN VI=Vss -4.0 HA
Output load current POo—P07, P10-P17, P20-P23, | VEe=Vcc-36V, VoL=Vcc,
ILOoAD P30—P37, P90—P97 Output transistors “off” 150 500 900 KA
Output leakage current POo—P07, P10-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)

Symbol

Parameter

Test conditions

Limits

Min.

Typ.

Max.

Unit

Icc

Power source current

» High-speed mode
f(XIN) = 8.4 MHz
f(XcIN) = 32 kHz
Output transistors “off”

7.5

15

mA

» High-speed mode

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

Output transistors “off”

mA

» Middle-speed mode
f(XIN) = 8.4 MHz
f(XcIN) = stopped
Output transistors “off”

mA

» Middle-speed mode

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

Output transistors “off”

mA

* Low-speed mode

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

Output transistors “off”

60

200

HA

* Low-speed mode

f(XIN) = stopped

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

Output transistors “off”

20

40

HA

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

0.6

mA

Increase at zero cross detection
(P45 =Vcce)

mA

All oscillation stopped | T, = 25°¢
(in STP state)

0.1

Output transistors “off” | T2 =85°C

10

HA
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ZERO CROSS DETECTION INPUT CHARACTERISTICS
(Vcc=4.0t05.5V, Vss =0V, Ta=-10 to 85°C, unless otherwise noted)

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

P4s5/INT1/ZCR 57V

clamp correction Vi

input waveform FAVT oV

Y 07V

Zero cross detection
comparator output F

Fig. ZA-1 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=3.0to55V 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
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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”.

Note : Ports P8 and PA need external resistors.

) P5e/ScLks, High-breakdown-voltage P3, P8, P9, PA
Serial clock output port P52/Scik2, P-channel open-drain
P66/ScLk11 output port
4( 7_7[ CL Cu
(Note) VEE

PO, P1, P20—P2s,

Fig. ZA-2 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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— Keep safety first in your circuit designs!

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

— Notes regarding these materials

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

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

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

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

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

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

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

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

© 1998 MITSUBISHI ELECTRIC CORP.

New publication, effective Jan. 1998.
Specifications subject to change without notice. gll_.lé%li"%ll%Hl
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