Brdering number: EN 3438A

CMOS Lsi

No.3438A | LC65404A

(A/D Converter, FLT drivers, PWM Output,
and On-chip 4Kbyte ROM)

4-bit Single Chip Microcomputer
for Control Applications

The LC65404A is a 52-pin CMOS 4-bit single chip microcomputer. It consists of a high-speed core CPU with the
minimum cycle time = 0.92uF, 8-bit AD converter with 8 input channels, 4Kbyte ROM and a 1Kbit RAM (256 x 4
bits).

The LCB5404A has a total of 41 input/output {1/0) port pins; 29 for high withstand outputs (Drivers for
fluorescent display tubes and LEDs), and 12 for input/output (including the alternative pins to interrupt
inputs and serial input).

In addition, this single-chip microcomputer has a two-channel timer. This timer circuit block can be used as
a general-purpose timer, watchdog timer, time base timer, PWM type DA converter, melody tone generator and
the like within application products. 1t is designed based on various standby operation modes. As a result,
the LCB5404A microcomputer can be embedded into many kinds of home appliances as, for example, display
control and timer control in audio visual products.

There is another microcomputer with almost all the LCB85404A functions but oscillation circuit design and
ambient operating temperature range. Its chip name is LC85204A, This single chip device has a subclock
function and its operating temperature range is from minus 30 °C (~30) to plus 70°C (+70)., For detailed
information, refer to its catalog. Note that the LC65404A should be used with the X1 gin connected to the
Vpp and the X2 pin left open,

Features:
- Seventy-seven instructions
- On-chip storage capacity; 4Kbyte ROM and tKbit (256 x 4 bits) RAM
- Minimum instruction cycle time: 0.92us (4.33MHz at Vpp = 4.5V or greater)
1.84us (2,17MHz at Vpp = 4.0V or greater)
- Reduced power dissipation mode through system clock selection by software
» Main system clock = 4,19MHz : 0.95us, 1.9us and 30.6us
- Operating temperature: Ta = -30 'C to +85°C
- Working register/Flag function
- {16 flags + B working registers ) x 4 banks
- Stacks : B levels
- 1/0 ports : 41 (Total)
- High-voltage withstand output ports : 21
- High-voltage withstand input/output ports : 8
» Medium-voltage withstand input/output ports : 3
- Input/output ports : 9
- AD converter (sequential comparison type)
« 8-bit Accuracy x 8 channels
- Timer : 2 channels
- Timer 1 (interval timer) : Also used as the PWM DAC and apptlicable to a divider at melody tone
generation.
- Time base timer for clock generation : 14-level divider on-chipped
- PWM DAC output : Also used as timer 1.
» B-bit PWM DAC + 8-bit PWM DAC or 14-bit PWM DAC
- Serial input/output interface (LSB first)
» 8-bit input/output
- AC zero cross detection circuit

» The AC zero cross detection circuit is allowed to be internally connected to the PF3/INTOQ pin through
option data specification.
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LC65404A

- Interrupt function: 5 interrupt sources and 4 vector addresses
- External interrupt sources: 2

» Timer interrupt sources: 2

« Serial input/output interrupt source: 1
- On-chip oscillation stabilization period wait function:
- Oscillation circuit; 1 type

» Main clock: 4.18MHz Crystal oscillation or 4.0MHz Ceramic oscillation
- Standby function: two modes; HALT mode and HOLD mode

- Supply voltage: 3.0V to 6.0V

- Package: DIP-52S

- Evaluation Tools;

LCB5PG20X/40X (piggyback)

System Block Diagram
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Development Support
The development support tools for the LCB65404A are as follows:
{1) User's Manual
(LCB5204A/404A User's Manual]
(2) Development Tool Manual
[EVABOO/B50-LCB51XX/2XX/3XX/4XX Development Tool Manual]
(3) Development Tools
3-1. Program development tools
i MS-DOS Host Computer System and Cross Assembler (note 1)
il.  Cross Assembler --- MS-DOS-based Cross Assembler : LCB5S.EXE
3-2. Program evaluation tools
i Evaluation Chip: LCB65999

ii. Piggyback Mlcrocomputer : LCB5PG20X/40X
iii, Emulator : EVA-800 main unit and EVA chip board, or EVA-850 main unit and EVA chip board
(note 2)
Outline of the Development Support System
<L C65S.EXE>
Ermulator: (2764, 27128 or
EVA-B0O0 or EVA-850 their equivalent)

Model/Function
setting switches
. 4

EVA chip board:
EVABDO/850-TBB5IXX/2XX/3XX/4XX Piggyback Microcomputer:
LCB5PG20X/40X

S .
/ Conversion board

Application product board (TB52S)

{Note 1) MS-DOS: A trademark of Microsoft Corporation.

(Note 2) The EVA-800 and EVA-850 are general names given to emulators. They are qualified with suffixes (A,
B, ...) because the emulators are updated very often. So use the latest version of the emulators by
checking the suffixes carefully prior to program debug.
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LCG65404A Pin Assignment

PAD/ADO 1 -/ Vo
PA1/ADI1 2 PPO
PA2/AD2 3 PO3
PA3/AD3/TNTT 4 P02
PBO/AD4/ DACO 5 PO1
PB1/ADS/DAC] 6 PO0
PB2/ADE/SAR 7 PN3
PB3/AD7/START 8 PN2
Av+ 9 PN1
AV- 10 PNO
Vss 11 PM3
05C1 12 PM2
05C2 13 LC6H404A PMI
Voo 14 PMO
RES []15 PL3
X1 16 PL2
%2 17 PL1
TEST I:] PLO
PF0/S) 19 PK3
PFisso [ ]20 BK2
PF2/5CK []21 PK1
PF3/INTO 22 PKO
pco [ ]23 PD3
PC1 24 PD2
pc2 []25 PDI
PC3 % FDOD
Package Dimensions : 3128
{unit; mm)
52 27
noQpoaooo oo oo nooconoonoonnno
1
2w
° B
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i] 46.0 3 0.25
[3
-
(n.
™

SANYO : DIP52S

Neo. 3438-4/27



LC65404A

Pin Description

Pin
Name

No,Of
Pins

170

Functional Description

Output
Driver

Option

Reset
Status

Unused Pin
Handiing

VoD

1

Vss

1

Power supply pin

TEST

1

LSI test pin, This pin should be con-
nected to the Vss pin during operation
and has an internal pull-down resistor,

Always con-
nected to the
Vgg pin,

RES

System reset input.
This pin has an internal pull-up resis-
tor.

Ayt

AVT

Reference voltage input pin for A/D
conversion

Always con-
nected to the
Vgg pin,

OSCi

OsC?

Oscillation circuit component pins for
system main clock generation, M exter-
nal ¢lock input Is used, leave the OSC2
pin open and connect the.external clock
generator to the OSC1 pin, Feed-back
resistor is_Internally provided.

X1

X2

Unusable, Always leave the X2 pin Open
and connect the X1 pin to the Vpp.

X1: connected
to the vDD
pin.
xX2:
OPEN,

left

Vp

Load power for FLT output internal pull-
down reslistor

Connected to
the Vpp pin.

PAQw3

1/0

Input/output port pins PAQ to PA3
~ Port function
4-bit data Input {IP Instruction)
4-bit data output (OP Instruction)
1-bit input decide operation (BP/BNP
instruction)
1-bit output set and reset opera-
tions (SPB and RPB Instructions)
Low-level threshold input
All these four port plns can be used
for two OF more purposes:
PAD/ADO:
Also used as AD converter input pin
ADO
PA/ADTY:
Also used as AD converter input pin
AD1
PA2/AD2:
Alse used as AD converter input pin
AD2
PA3/ADJI/INTI:
Alsc used as AD converter input pin
AD3 and as external interrupt
signal input pin TNTT

Normal-valt-
age withstand
Medium-level
current type

Each port pin
can be set to
output type
(1) or (2):
{1} COpen
Drain
(oD)
output
Pull-up
resistor
output

(2

QOutput
transistor
OFF (H-
level out-
put)

Should be set
to the open
drain output
type and then
connected to
the Vgg pin,

PBOto3

i/0

Input/output port pins PBO to PB3
- These port plns have the same function
as port pins PAD to PA3,
- Low-level threshold input
- All thesa four port pins can be used
for two or more purposes:
PBO/AD4/DACO :
Also used as AD converter input pin
AD4 and 6-bit PWM output pin
DATO

PB1/ADS/DATT:
Also used as AD converter input pin
ADS and 8-/14-bit PWM output pin
DACT

PB2/AD6/SQR:
Also used as AD converter input pin
AD6 and square waveform signal
output pin SQR.

PRI/ADT/START:
Also used as AD converter input pin
AD7 and standby control input pin
START

Same as PAQ
te PA3

Same as PAD
to PAD

Same as PAO
to PA3

Same as PAQ
to PA3,

Continued on next page,
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Continued from the preceding page.

Pin No,Of . Output Reset Unused Pin
) I/ Fu ipti i
Name |Pins (0] nctional Description Driver COption Status | Handling
PCQOteo3 4 1/0 | Input/output port pins PCO to PC3 VDD-45V The output { The output | Set the
- Same as port pins PAD to PA3 in High-voltage | 1P Of €2ch |jeve| at | pinis) to the
tunction. withstand gog spent ctag the reset | open drain
- High-level threshold input Medium cur- | either (1) or | can be set | output type
- The output level of these four port| rent type (2) by option [to 'H' or | by option
pins can be set to 'H' or 'L' by data, e by | data and then
option data at the same time. € Open Drain) option data.{ connect It
- FLT segment drive output (2 (F?ull)-dow?r:j {or them) to
resistor output the Vss pin
Output level through the
specification resistance of
option: The some kohms.
;L}‘Dﬁl 'f}’]eé In addition,
our port be sure to
p_insltc?\nobseI set the port
Simuyltaneously output  level
?Et. t;)th o at the reset
reset by to 'L
option data.
PDOto3 4 1/Q | Input/output port pins PDO to 'PD3 Same as port | Same as port [Same as port| Same as port
- Same as port pins PAD to PA3 in| pins PCO to | pins PCO to [pins PCO to| pins PCO to
function and characteristic. PC3 PC3 PC3 PC3
PFOtw3 4 1/0 |Input/output port pins PFD to PF3 PFO to PF2 (1) Output Same as port| Set the
- Same as port pins PAO to PAJ in | Open Drain type pins PAQ toj pin(s) to the
function. (QOD) output option: PA3 open drain
- Schmitt input type: With- Same as output type
- All these four port pins can be used | stand voltage port pins by option
for two purposes: +15V PAO to data and then
PFO/SI: Pull-up out- PA3. connect it
Also used as B-bit serial input pin | put type: | (2) The AC {or them) to
. Normal-volt- zero the Vss pin,
PF1/50: age withstand cross
Also used as 8-bit serial output pin ) pPF3 detection
SO. Normal-volt- circult
PF2/SCK: age withstand can be
Also used as 8-pit serial clock pin | Medium cur- internally
SCK rent type added to
PF3/INTO: the INTO
Also used as external interrupt pin by
request input INTO. The AC zero option
cross detection circuit can be data,
internally added to this pin by
option data (AC zero cross interrupt
function available}.
PKOto3 4 (O | Output port pins PKO to PK3 Same as port | 1he OfUtPUt Output Set the
- Port functions pins PCO to t’;‘r’f °inegcn transistor pin{s) to the
a-bit data output {OP Instruction) | PC3 bt o | OFF ('L | open drain
1-bit set and reset operation either (1) or | level out- [ output type
(SPB and RPB instructions) . put) by option
1-blt decide operation {1) Open data and then
(BP and BNP instructions) Drain {OD) connect it
- FLT segment drive output output {or them) to
(2) Pull-down the VOD pin
reststor
output
PLOto3 4 (O | Output port pins PLO to PL3 VoD-45V Same as port Same as port| Same as port
- Same as port pins PKO to PK3 in High-voltage | pins PKO to |pins PKO to| pins PKO to
function, withstand PK3 PK3 PK3
- FLT digit drive output tLya‘;ge current
PM0Oto3 4 0 Output port pins PMO ta PM3, Same as poct | Same as port |Same as port| Same as port
- Same as port pins PLO to PL3 in| pins PLO to | pins PKO to [pins PKO to| pins PKO to
function and characteristic PL3 PK3 PK3 PK3
PNQto3 4 O | Output port pins PNO to PN3. Same as port | Same as port |Same as port| Same as port
- Same as port pins PLO to PL3 in|pins PLO to | pins PKO to Ipins PKO to| pins PKO to
function and characteristic PL3 PK3J PK3 PK3J
PODto3 4 O | Output port pins POQ to POJ. Same as port | Same as port [Same as port| Same as port
- Same as port pins PLO to PL3 in|pins PLO to | pins PKO to [pins PKO to| pins PKO to
function and characteristic PL3 PK3 PK3’ PK3
PPO 1 O [Output port pin PPO Same as port | Same as port |[Same as port| Same as port
- Same as port pins PLO to PL3 except | pins PLO to | pins PKO to [pins PKO to| pins PKO to
for 1-bit configuration. PLI PK3 PK3 PK3
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User Option types

1) Oscillation circuit options

The main clock oscillation circuit and the sub clock oscillation circuit can be selected from the
following optional circuits:

Option name Optional oscillation circuit
Main clock oscillation circuit Two-pin CF oscillation circuit

Two-pin X'tal (crystal) oscillation circuit

External clock input
Sub clock oscillation circuit Unused

2) Output {eve! option

This option is provided to set the output level of input/output ports C and D to either 'H' or 'L' at the
reset. This sets the output level of the four pins at the same time.

Option name
1. 'H' level output at the reset
2. 'L' level output at the reset

Conditions
Simultaneous 4-bit setting (input/output ports C and D)
Simultaneous 4-bit setting (input/output ports C and D)

3. Watchdog reset option

The watchdog reset option is used to select the watchdog reset function. Note that the watchdog reset
function utilizes the time base timer,

Option name
1. Watchdog reset function select

Conditions
An additional program routine is required in order for the
time base interrupt request flag to be reset at a certain
interval. This prevents the watchdog reset ciccuit from being

activated in cases but a program upset.
2. Watchdog reset function non-select | ——

4) AC zero cross detection input circuit option

The AC zero cross detection input circuit option is used to permit the INTO pin to internally have an AC
zero cross detection circuit or Schmitt input circuit,

PF3/INTO

SW1 a Schmitt input a sw2
O ™o
b b
I AC reca cros: I

detection

cireuit
, SWI swi | swe
Option name
@O‘ Port input INTO input a a
AC zero cross
—W\EI input
|_—_

No. 3438-7/27
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5) Normal-voltage withstand/Medium-voltage withstand port output type option
This user option is used to allow the output circuit type of each normal-voltage withstand and medium-
voltage input/output port pin to be set to either the open drain output or the pull-up resistor output

(bit-by-bit setting only).

Option name

Circuit type

Applied ports

Open Drain {OD)
output

(|,

[>o

Ports A, B and F

Pull-up resistor
output

+

Ports A, B and F

6) High-voltage withstand port output type option
This user option is used to allow the output circuit type of each high-voltage input/output and high-
voltage output port pin to either the open drain output or the pull-down resistor output (bit-by-bit

setting only).

Option name

Circuit type

Applied ports

Open Drain (OD)
output

Ports C and D

Ports K, L, M, N, O and P

Pull-down resistor
output

Ports C and D

RD

Ports K, L, M, N, O and P

No. 3438-8/27
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[Major LC65404A Characteristics |

1. Absolute Maximum Ratings at Ta = 25 °C, Vss = OV
Applied Pins - . .
Parameter Symbol Condition: Limits Unit
y and Remarks rHons voo(V) o
v&?;nggm Supely ™ [\pp max Voo —0.3t0+7.0
Input Voltage Vi(1) 0SC1 At self-oscillation Up to the voltage produced
acc OSC1: at _
Vvi(2) TEST,RES,OSCI external clock 0.3to\Vpp+0.3
input
Vi(3) AVt —0.3toVon+0.3
Vild) AvV— —0.3toVpp+0.3
Vi(5) vp Voo—45t0Vop+0.3
Output Voltage Voll) 0SsC? At self-oscillation Up to the voltage producea vV
Ports K, L, M, N, O —45tw0Voo+0.
Vol2) and port gin £0 Voo—45toVoo+0.3
Input/output violl) Port pins F2 to FO At open drain —0.3to+15
Voltage output
Vio(2) Port pins F2 to FO At pull-up reslstar —0.3t0Voo+0.3
output
Vio{3) Ports C and D Vob—45toVoo+0.3
Vio(4) S —0.3toVop+0.3
Eeak Otutput lop(1) Ports A, B, and F ] = 2t0-+10
urren
lop2) PO o o ™. 0 —30t00
lor{3) Ports C, D and K —101a0
Average Output | [gaf)) Ports A, B, and F Average value per —2ta+10
Current Fore L WO pin for 100ms
loal2) and pori pin PO —30tol A
loA(3) Ports C, D, and K —10to0 m
Zloal(l) Ports A and B Total current —16to+80
value of all _
Zloal2) ::or: F 5 pins for 100ms 8 to-+40
$10a03) | aon ol M o —50to0
Z1oAa{4) | Ports C, D and K —50to0
Maximum Power |Pd max | DIP52S Ta=—30t0+85C 580 mw
Dissipation
Temperature 0 | Topr =A% |
‘%2‘,,?;,2’2253’”" Tsig —55t0+125
2, Allowable Operating Range at Ta = -30°C to +85 °C, Vss = OV
Applied Pins . Limits
P
arameter Symbol and Remarks Conditions Voo (V) Min Tyo Max Unit
Operating Power 1 \/op(1) VoD 0.92us= 4.5 6.0
Supply Voltage TCyC<36MS
(including a
standby mode) | Vpp{2) Vop, 1.84us= 4.0 6.0
Toyc <36us v
Voo(3) Voo 29.4us< - 3.0 6.0
Teye <3B6us
Memory backed-up Full standby . .
Power Supply Vst VoD mode (HOLD 18 6.0 i
Voltage mode)

To be continued on the next page.
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Continued from the preceding page.

Allowable Operating Range at Ta = -30 °C to +85°C, Vss = OV
i ins Limits
Parameter Symbot Applied Pins Conditions - L
and Remarks Vool(V) Min Typ Max Unit
ot *level | vill) [y i Eg o |TeicansistorlorF | 3:0106.0 | 0.80Voo 13.5
age H
° vi) | EY Lypeeorteins louput Neh Tr. OFF | 3.0t06.0 | 0.80Voo Voo
VIH(3) Ports A and B Output Nch Tr. OFF | 3. 0to6.0 1.9 VoD
Vir(4) Ports C and D Output Nch Tr, OFF | 4.5t06.0 | 0.80VoD VDD v
3.0106.0 ] 0.85VoD Voo
Vii(5) | OSCI,START,PFY/ o"s*’cf'ogﬁ.s{.‘o"ﬁ ) 3.0t06.0 | 0.80Vop Voo
INTO, INTTiNote 1) |The s “Poan OsC 114
VIH{6} RES 1.8t06.0 | 0.80Voo Voo
Input 'L'-level MILIT) Port pins F2 to FO |Output Nch Yr, OFF | 3.0t06.0 \Vss 0.20vVo0
Voltage ViL(2) Ports A and B Output Nch Tr. OFF | 4.5t06.0 Vss 0.5
3.0tw6.0 Vss 0.35
Vi (3) Ports C and D Output Nch Tr. OFF | 3.0t06.0 \/ss 0.40Vop
viL{d) TEST 4.5t06.0 Vss 0.30voo| V
3.0t06.0 Vss 0.25vVoo
viLi) | OSC1,RES. PR3/ |83t o1, Boplles 1] 3.0106.0 Vss 0.20Vo0
INTO.INTT (Note 1)3lhed" ¥ TAaaOSE 1),
ViL{b START 1.8t06.0 Vss 0.20Voo
Tnstruction Cycle Teye {Note 2) {Note 2) 0.92 36 | wus
Frequency Fxosc 0SCH {Note 2) 3.0106.0 3.6 4.33
- MHz
g .
T | Pulse Width | Twoscch See Fig. 3 4.5106.0 0
;g Twoscel
ns
. 3.0106.0 140
ge
o2
£ 5| Rise and Toscr See Fig. 3 3.0106.0 30
gg Fall Times Toscf ns
(Note 1) This does not apply to the case where the AC zero cross detection circuit has been internally added
to the INTO pin by the user option data.
(Note 2) Frequencies are closely related to power supply voltages and instruction cycle times. So they

should be studied in connection with supply voltages and cycle times.
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3. Electrical Characteristics at Ta =

-30 C to +B5C, Vss = OV
. . i
Parameter | Symbol | APPlied Pins, Conditions Limits
and Remarks Voo (V) Min Typ Max Unit
) Output Nch (N
Input H'-level D) OD type port pins cf:,ar?rl:el) ql'rf 3.0t06.0 +5.0
Current F2 to FO {transistor) OFF
{including Nch Tr,
'OF F leakage
current). Vin=+13.5V
hH(2) OD type ports A and | Output Nch (N . .
B, and OD type port | channel) Tr, 3.0t06.0 +1.0
pin F3 (including (transistor) OFF
multl-functional (including Nch Tr,
port plns INTO, OFF leakage LA
INTT and START) | current). Vin=Vpp
{Note 1)
I+(3) RES Vin=Voo 3.0t06.0 +1.0
In4(4) 0SC1 | Vin=Vpo 3.0t06.0 +10
i {5) OD type ports C end | Output Pch Tr OFF. [ 3.(t06.0 +130 +100
D Vin = VpO
Input  'L’'-level (1) OD type ports A, B8 | Output Neh Tr. OFF. | 3.0t06.0 -1.0
Current and F (including Vin = Vsg
multl-:uncln%%al
port pins ,
INTT and START) HA
{Note 1)
e (2) PU type ports Output Neh Tr, OFF, | 3.0t06.0 —-1.0 —0.5
A, BandF Vin = Vss -
('ir'uzludingI multtl-
ungtional por
pins INTO, mA
and START)
(Note 1)
h(3) RES Vin=Vss 3.0t06.0 -60 =25
L (4} 0SC1 Vin=Vss 3.0t06.0 —10
I (5} OD type ports C and (é):atrp‘:gll)?c?r(-}:‘ 3.0t06.0 -30 uA
o transistor) OFF
Including Pch Tr,
OFF leakage
current), Vout =
Vpp - 40V
Output 'H'-level Von(1) PU type ports A, B | o= —50uA 4.5t06.0 [VDD—1.2
Voltage end F
Vor(2) PUdlﬁpe ports A, B | lon=—101A 3.0t06.0 |vpo—0.5
an
Von(3 Ports L, M, N and lor=—20mA 4.5t06.0 |Voo—2.
on{3) 0, and port pin PO On ° 00—2.1
Ports L, M, N and =—1. . . —1.
Vori{d) BorLe by N B0Te0 foH 1.0mA 3.0t06.0 |VoD—1.0
10Hs of other \Y
ports < -1mA
Vor (5) Ports C, D and K | logy=—5mA 4.5106.0 |vop—1.8
Vor{6) Ports C, D and K [ lon=—1.0mA 3.0t06.0 |Voo~-1.0
1OHs of other
ports < -1mA
Output 'L'-level Vou(1) Ports A, B and F | |oL> 5 mA 4.5106.0 1.5
Voltage
Vor{2) Ports A, B and F | o =1.0mA 3.0te6.0 0.5
10Ls of other Vv
ports < 1mA

To be continued on the next page.
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Continued from the preceding page.

Electrical Characteristics at Ta = -30°C to +85°C, Vss = OV

Applied Pi Limits
Parameter Symbol pplied Pins Conditions - ,
and Remarks Voo (V) Min Typ Max | Unit
Output ‘L'-level Output Pch (P channel)
Current (tha lou il v a8 [Tr. (transistor) OFF 5.0 190 362 844
gu{ll'ednt produced by and PD type port Vout=3.0V
ull-down i
resistors) pin £0 Vp=—36V
Out 0D type ports K, L, |Output Pch (P channel}
Cﬂr?grtuOFF Leakage| loff(1) M.degiand 00’ [Tr. (transistor) OFF 3.0t06.0 30 #A
type port pin PO | Vout=Vpp
Qutput Pch (P channel) _
loff(2) | PO yee ports K35 [Tr. (transistor) OFF | 3-0106.0 30
typa port pin PO Vout=Vpp—40V
Pull- . Output Nch (N channel)
R:lsi:tgmgsn Rtru zkxdt%pe ports A, 8 | Qutput el (N chan 5.0 _ 8 12 30 kG
ViIN=0V
Pull-up resistor Ru RES Vin=0V 5.0 100 400 | k&
. Output Pch (P channel}
Puli-down reslstor | Rd f(lf)c'yme. ?j’?:dcd,D' Tr. " (transistor) OFF 5.0 45 105 200
and PD type port Vout=3.0V kQ
pin PO VD=_35V
Hyst Is Volt Port F and port .
ysteresls Voltage | \Vhys e R3S 3.0t06.0 0.1Voo
RES and START \Y
(Note 1)
Input Clock Tckeydl) | SCK See Flgure 5, 4.0v06.0 0.8
Cycle
Output Clock | Texey(2) | SCK | see Figure 5. 4.01t06.0{2.0%
Cycle Teve
Input Clock Teku(h) SCK See Figure 5. 4.0t06.0 0.3
Li-tevel
Pulse Width
(Note 5)
= ————
8 [ output Clock | Texu(?) | SCK See Figure 5. 4.0t0B.0 Teye
O |'L'- level
-~ 1| Pulse Width
©
3
Input Clock TckH(1) | SCK See Flgure 5. 4.0t06.0 0.3
‘H'-level
Pulse Width
{Note 5) uS
%ulnl)utcl!ock Tckui?) | SCK See Figure 5. 4.0t06.0 Teye
-leve .
Pulse Width
" Tick With reference to the | 4 ] ]
2 %anl\aeSetup C S rising edge of the 5CK 4.0t06.0 0.2
g signai
=~ Sea Fig. 5.
2 | pataHold Tcki Sl 4.0t06.0 0.2
3 Time
o | OuvtputDelay [T With reference to thel 4 (tob.0 0.6
2 | Time Cxo SO falling edge of the SCK|
g signal,
© External resistance: 1
® kohm. External capaci-
5; tance: 50pF,
See Fig. 5,
. g|Oscillation fosex 0SC1 See Flg. 3. 3.0t06.0 4.19 MHz
.% ‘ng Frequency (?lstcza) (Note 2)
= |w'=|Oscillation ote
= Sg o axon (S See Fig. 2 20 ms
g Period
3 Qscillation | fOSCCF See Fig. 1. 3.92 4.0 4.08
- S|Frequency (Note 2) MHz
geles "
5 21§ Z[osaiiiation IMCFS ~
=B| 8 8 Stabilizing MCE See Fig, 3 10
8 5|9 C|period ms

{Note 3) For oscillation constants, refer to Tables 1.

To be continued on the next page.
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Continued from the preceding page.

Electrical Characteristics at Ta = -30 °C to +85°C, Vss = QV
Applied Pins . Limits
Symbol Conditions - )
Parameter y and Remarks Voo(v) | Min Typ Max | Unit
Input Fzin Apply to the case | (D At opendraln 40 1000
» | Frequency where the AC zero output Hz
£ cross detectlon At self-blas ON
2 circuit has been @ See Fig.™.
2 itrr‘:te;’rl‘;a:;;{Ng‘((’)deld tt)o ®©.D.Q® coupl 0 2.4
o e pinby , (O, oupl- X .
{'Li' nput Voltage | Vzin the user optlon ing capacltancgp= ! Vp-p
8 data. WF
© 0.0.® soHz +100
5 gfrtgftlon Vza sinewave signal mv
2 Input
g | nput Current | Iz .0.® 4 5106.0 +40
‘g Vin=Vopn A
J liLz ONORE) =40
% ViN=Vss
5 | Trreshola V¥ ACM D0 0.3Voo 0.7Voo
o Voltage
N [ Ctevel 1nput Vik Ao D.0.0 VT*ACM v
O | Threshold —0.?
< | Voltage .
Comparison] Vieecon | ADOto AD7 AV+=Vpp +1 2?2 LSB
@ |Accuracy AV-=Vss
[+
E Threshold | \/THCON . AV— AVt
S | Voltage
[
& [Trpot AV-— AVt v
" Veage | VINCON v
5 8 | Reference | av+ AV+ 5.0 AV— Voo
FER - ' v AV+
] oltage AV-— AV +10% S8
“
E% Conversion | Tee ?,cr‘moarator speed 1} 96
bz [Time At 12 x TCYC (Teve= (Teve=
55 0.92us) Bus) |
®0
5“ C/%mparator speed 21 92
1/2, = =
E% At 23 x Teve. (Teve= (Teve
o= 0.625) 4us)
Resolution 8 Bit
Absolute = + 12
Aceuracy AV+=Vpo
= | Zero Scale Ezs AV—=Vss + 1
3 Error LS8
E
O | Full Scale Ers T 1
< | Error
(=}
= | Conversion T AD speed t/1, 24 208
2 | Time CaD At 26 x TCyC (Teye= (Teve=
2 0.92u5) Bus)
<3 MS
a AD speed 1/2. ” 204
e At 51 x Tgvye. 5.0 (Teve= (Teve=
8 +10% | 0.92us) dus)
2 'Reference AV+ AV+ AV- VoD v
% Input T
@ | Voltage AV-— AV~ Vss
g Relerence IRIE AV+, AV~ AV+=Vpp 75 150 300 s
Input Current __
§ | Range AV—=Vss
< Analog Input | Vapy AQOtAD? AV— AV v
Z | Voltage Range
Q .
o
| Port pins ADO to Including output 1
2 ﬁgﬂ:ogcfﬁgm AN ADT7\with the OFF leakage cur-
output cn/rcu:t ct>f rent. LA
the Input/outpu
multlr:?unctlonaloo Vain=VpD
E‘%;)plns set to VAN=Vss 1

To be continued on the next page.
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Continued from the preceding page.
Electrical Characteristics at Ta = -30 °C to +85°C, Vss = OV

Applied Pins . Limits -
Parameter mb Conditions - Unit
Symbol and Remarks Voo (V) Min Typ Max
Dissipated Current | Ippoe(1) | VoD 4.19MHz x 1/1: 4.5106.0 3 ]
in Normal Operation High-speed opera-
Mode (Note 4) tion mode (TcyC =
0.95 wus).
loooe(2) | Voo 4.19MHz x 1/2: 4.0t06.0 2 4
High-speed opera- A
tion mode (Tgyg = m
1.9 us).
Iooor(d) VoD 4.19MHz x 1/32; 3.0 0.3 1
Low-speed opera-~
tionmode (Teyc =
30.5 ws).
Dissipated Current | |ppsT(1) | VDO 4.19MHz main clock 6.0 0.8 1.9
in Standby Opera- illati
tion Mode (Note 4) oscillation (HALT mA
mode)
lopst(2) | Voo 3.0 200 500
Dissipated current | IppsT(3) | Voo Full standby mode 1.8 1
in Full standby (HOLD mode) A
operation mode
(Note 4) .
loosT(4) | VoD Full standby mode 6.0 10
{HOLD mode)

(Note 4) The 'dissipated current' does not include the current flowing into the (/O port transisters, pull-
up/pull-down resistors,

(Note 5) When the internat clock is used, although according to the specifications TCKL(2) and TCKH(2(=TCYC)
are output from the SCK pin with the minimum clock width, there are cases where their clock widths
become shorter than TCYC due to the value of the pull-up resistor. However, it is necessary to setect
a value for the pull-up resistor so that even at the minimum, these clock widths exceed the 0.3 us
stipulated for TCKL(1) and TCKH(1).

Table 1. Guaranteed constants for
Main clock osclllation

&s‘g:gllatlon Suppller Osclilator COi | CO?2
HC-43/U
0SC1 0502 2.19030aMie | MM (oL mraopr | 19PF | 19PF

crystal 0S¢ [ Nippon | AT-51

,_|E”._ﬂ Denpa |CL=16pF 22pF | 22pF

co1 A= Crystail or | 02 Murata CSA4.00MG 33pF | 33pF
ceramic ura
l resonator J; ie?;\?:lzc CST4.00MGW rgulred ::oqtulroa *1

KBR-4.0MS 33pF | 33pF
KBR-4.0MES :\Ie%lulred ::%tulred * |

CO1 and CO2 tolerance: Within +10% {including wire
capacitance)

Cr: Internal load capacitance of a crystal oscill-
ator

*1: Three-pin (C internally provided)} ceramic
resonator

resonator 0SC| Kyocera

Fig. 1 Main clock oscillation circuit

/ ‘ | osc osc2 |
----------------------- VoD low limit f l
/ External clock lnput OPEN
I L OV

DAY

Oscillation stabillzing period o
I -} Stabilized osciblation

-
tMxs or EMCFS

twoscet. 1wOoSCCH

Fig. 2. Main clock oscillation i 1
stabilizing period toscF 10SCR

Fig.3, Input waveform of input clock
(for main clock)
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0

ES

;J; Cres(=0,1uF)

Fig. 4. Reset Circuit

Voo

1kQ

test point

50pF

1

Serial output load

1CKCY

(Note)

If power stabilizing time is
zero, the reset time will be
10ms to 100ms with the CRes =
0.tuF,

If the power stabilizing period
is rather tong, the Cregs value
should be set properly so that
the reset time period can be
longer than the maln clock
oscillation stabilizing period.

1CKL }CKR t{CKH tCKF
4 0.80 Voo linput)
- tput
SCK 0.20 Vop (input) \ V00-1V {output)
0.5V (output) K N
| ek 1eK|
R 0.80 Voo
Sl
j 0.20 Voo
1CKO
Voo-1V
S0
0.5v

Fig. 5 Serial clock timing
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PF3/INTO
RI ] Synchronization pulse
AC input —'I - defgc?.-o’f I_"i ggneratlonc reuf I'_” ACZ Interrupt
4] '

, Option

[}

i

<AC zero cross detection>
1/4zn

AC lnput } Vza

Vza I t \ van

Rising edge detection
and output 1 | I l

The falling polnt does not correspond
exactly to the AC zero-crossing polnt.

<AC zero cross timing>

Rislng edge detection
and output 1

Synchronization pulse
generatlon clrcuit

[
T

Synchronization delay =0tol - Teye

Fig. 68 AC zero cross detection
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{ C65404A |nstruciton Set {by Function)

Convention
AC 1 ACcumulator PC : Program Counter
ACt : ACcumulator bit t STACK : STACK register
CF s Carry Flag bAt ,bHa,
CTL : ConTrol register bLa 1 Working repister
MSTEN : MaSTerinterrupt ENable flag IF ¢+ Zero Flag
DP : Data Pointer ()[] : Indicates the content.
E : E register -— : Transfer operation and its direction
bFn : Flag bit n . : Addition
M : Memory - ¢ Subtraction
M (DP) : Memory adoress specified by DP ~ + And
P {DPL) : Input/output port specified by DPL v : Or
GP (DP} : Pseudo port specified by DP » : Exclusive Or
3
g: Opesration Code ol Affected
\g_% Mg monic 14 E Operations Operating Deacription 5TS Remarky
?‘6 D;0Ds504 (D300 09{® |5 fiag(s)
glcia Clear AC 1100|loooco|i]i|ac—0 Resets AC to O. ZF .
8lcc Clear CF trvo0fooo ) [1rfcFeo Resats CF to O, CF
f s1C Set CF r1rr v fooo 1 [y |cF et Seta CF to 1. CF
§[cma Complemeni AC rvrvofron i [ac-FS tnvarty all AC bity, ZF
i INC nceement AC CODDOD |1 )1 O |1}t ]|AC =IAC)+1 Increments AC by 1. 2F Cf
;’ DEC Decrement AC CO0OO0OD([1r 1 vy |1y ]|AC —{ACH—1 Oecraments AC by 1, ZF C¥F
1 — 1
g RAL :",:'O'J;h A& en cooofooo || &%‘:" ::(I::F-,—'::E;l“ Rotatos AC laft through CF, ZF Cf
2
E|VAE Transter AC 10 E Q000|003 |t])]|E~tAC Teansfers AC to E.
B XAE Exchange AC with E [0 O O O |) 1 0 1 |1 ) [{AC)2HE) Exchange ths contents of AC end E.
.§ INM Increment M 001 0]t 1 v olt] MDP)~IMIDP)I41 | Incrementa M(DP) by 1. ZF CF
HED Decrement M 001 0111 [i])[mMDOPI—tMIOPN—1 | Decrements MDP) by 1. 2F CF
5 he M(OP) bl ti
22l SMBbn | Ser ™M dars b 0000 |1 0B8Bo|t|1|miDP BB -1 Sets the MIOP) bit epecilad by 880,
2 g
5K
Resats the M{DP) bit Ifled b
5§ AMB b |Reser M data b [0 0 1 0 |1 0818o[* |1 [ MlDR.BIBII—0 Rosots the MIDP) bit meclfied by | ¢
Addy AC end M{DP) In bl d set!
AD Add M 10 AC 01 1000001 [1|aciac)+MDR)) | A2 AC end (D) In blnary end watel ;¢ (¢
— Adds AC end M(OP) with CF In bi
ADC Ado M 10 AC winCF [0 0 t 0foo ool f"_c(c;‘;“’)““(op” e Lo MO et ] FT I
Decimal agyust AC
DAA ' 33ch1hon 111 0lo 1 v o |1 )Y |ACHACI+6B Adds € ta AC, IF
Decimat adiust AC
S DAS ' BUbtraCIOn YU o010 0|1 |AC —(ACI+10 Adda 10 to AC, 2F
§ Togicaliy exclusiva-Ors AC and M(OP)
E|exy Exclusive oo M 1IGAC|Y 1 1 1 |0 1 0 1 |1 ]t |AC—(aciv(M{DP)) and sats ita loglcal excluslve wum In | ZF
4 S
v — Logically Ands AC end M(OP) and sets
i AND And M 10 AC 11 ofo o1 1] ] ac—{aciaiMiDP]) itslogioal product In AC, 2F
E
3 I
; oR Ot M 10 AC 1000 0 1|1 [actaclVIMEP)) | [O0iSey Ofs A 620 MDR) sndeats | 7¢
5 N CTompares AC with M{OP), and eats or
[3 CM Compare AC witbM |1 1.1 1 110 1 1 (1)1 | (M{OP)I+{aC)+) resots CF and 2ZF according to the ZF CF
£ result,
g Comparison cosult | CF 2F
(MOP) >tact | ¢ 0
(M(DP)) =¢AC} 1 !
(M{DP)) <t AC) t [}
Cr omva [Compare AC with OO0 1 Of1v 1Y 0O [2|2]11ti0p+IACI+Y lCtlml'p'nrcs :C with lmmodh:;Fdn't‘: 2F CF
1 1 ] 3121110, and sets or cesets al
immediale data 0 co shatato 2F accarding to tha result.
Comperison result | CF ZF
l3l2lilo >(ACHE © 0
tylgbidg =(ACH] 1 1
tytgtitg<iAaCI] 1 0
CULI dat Compate DPc with O C Y O |1 1 O O |2 |2 |[{DP()MIalz] 1g Comp DPL with | diate data 2F
immediate dats O 1 0 jijlatilg 13921410,
Load AC wlth - Load Immediate data 131211la Into AC.
Ll dara o e data 1100 fiatztvg |t |V [AC—13121010 2F "t
S Store AC 10 M oooolooo|r |1 |mMDPI—(AC) Stora AC to M{OP),
gL Load AC tiom M 001 0001 |1 |1 ]|AC—(MmiOP}) Load M(DP) Into AC. 1F
=
§[xM dara [ Excnange ac winM [1 0 1 0 [o maMimo]t [2 [(ack=imiorh S S T ity i oA
S then modHy DPu OPu+— (DPyIV {OP) end Immed)ate dsta OMzM Mg and | 2F
g wrth 1mmeghate data 0 Mz Mi Mg rl:all ylvvopllu';:“es OPH with the loglical
o
5]x Exchange AC withM |1 € 1 0 }0 0 0 0 |1 |2 [(AC)=(M(DP)) Exchanges the contents of AC end Viatied Semans o
& M(DP). 2F :m OPH conlont at
2 foe, o0, 5900 e
L] aculed,
°|x Exchange AC withM [ 1 v v 1 [ 1 1 0 [t |2 ](act=(M(DP)) Exchangas the contents of AC end |, Yohether o sat F 1
§ then increment DPy DPL=(DP ) +1 M(DP) and then Increments DPL by 1. e Ofy inerament.
XD Exchange AC withM [» 1 1 1 |y v v 0 | ]2 [ {ac)=(M(DPY) Exchanges the contents of AC end |, Yrater o pa IF ta
then decrement DPy DP.— (0P ) —1 M(DP) and then decrements OPL by 1. tre OPy docrament.
— Replaces the PC low-order 8 bits with
AT BL Resd ubleng:‘u hom]D 1 1 0 |0 OV 1 |1 |2 |ACE~RADOM E and AC, and then loads the contents
program {PCh.E.AC) { oI the ROM address specitiad by the
new PC coontents Into AC and E.
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Oporation Code

[¢
3... P 5 o g © A;lectod
_E Mnemonic 2|2 Operstlons parating Description STS Remarks
4 Dy Dg D5 D4 {D3D; 0,09 |5 | & flagls)
LDZ dars|Losd DPuwith Zeroand|1 O O O Nialz 1y 1o k) |V {DPu—0 toads rero and immediate oata i31211
5 DPL with immediale DPL =312 10 10 Into OPH and DP, respectively.
|2 dars respeciivel
E ivdly
; LHi davas |Load DPu with O 1 00 H>1210p 1Y |) |DPr—1lal2alsio Loads Immediate data i3121119 Into
€ |immedisie daia . OPH.
& -
Ll Incremaeant DPL 11 Y0 (Y1 1 0|V |1 ]|OP =~(DA)+) Increments DP( content by 1, IF
ég DED Dscroment DP. 1 1170y v vt {1 |1 |OP =—(DR)—1 Decrements DP( contant by 1. IF
= 2| TaL Tisnsler AC 10 DP. |1 1 1 1 1O Y 1 1 b |1 |OPL ~—(AC) Transfers AC content to DP.
T
o= TLA Transter DPL Lo AC 1190|001 [v]|1 |AC—(DPL} Transfers DPg contant to AC. ZF
XAH Exchangs ACwIhDPw [0 1 © [0 1 [ | [aci = toen EShonoes the contenta of AC and
E XA Exchange AC wilh Exchmg:n the I::‘or\lonts .oll ?Cl:ngea
-1 -— speciiled warking registe -
% XAD working ieQisier bAI T110 O+ ]! (AC':(bAO) pister bank b (alresdy salected).
S| XA 1110 0 |1 11 |(AC) S (bAT) Note that bits ty end to are used to
2 XA2 1110 o |1 |1 |(ac) S(baA2) spec!fy warking reglsters bAD, bal,
§| xa3 P11 0 o v |1 [tacr = a3 bAZ and bAJ.
2 Exchangas the contenls of DPH and a
2| XHe Exchangs DPu with wpechiled working reglster in re-
E XHOQ working rogisiss bHa 111 o |1 |y |tOPw ={bHO) g‘istterlhb:nzn (r rud);l ulgs;::d)
- ote tha a s use 1y
: XH1 11 0 |1 |} |1DP) S(bHY) working reglsters bHO and bH 1.
Exchanges the contents of OPL and a
& XLa Enchange DPy with spacitied working regleter Lln 8-
o xLo working rsgister blLa 111 1|1 JtOPL S (bLO) g‘«stcr nb:":ub (‘alre-.d:;’ {electeﬂ)
2| x1 R v |1 fropur = (oLt Note tha a i usad to speclly
o orklng reglstars HLO and bL 1.
£ |srBA Sel Register [ 1|11 R8F + 1110 of SB Sety the bank valua glven by the S8
5 Bank Address Illl1:°trucllon in the reglster bank
x .
SFB liag| Ser llag o1y 0101 |B)B2BsBo|l |1 | bFa—1 Sety a spacifled flag In raglster
bank b {already selectad). Note that
g immediate data 83828180 Is used to
= specify the flags.
8
< |RFB Hag| Reset 11ag bil 00 0 |BaB2BiBo|) |1 |bFn—0 spacified flag In register | 2¢ Flags sre
B ¢ bank b (alrendy selocted). Nots that givi :‘? .Irnto
Immediste data B3B201B0 Is vsed to or oo 0ko,
5 speclify the Hags. OF4 to OF7,
5 11, IF12¢0
§ ZF‘?!WI::U:I(
§ raset deponchy
* an Lhe con-
; i o S
2 to which a
= ¢ cILi.nld
ag belongs,
1 * PC « PCHI of Makes program Jump to the addre 1 axeculed (mmad)-
JMP addr | Jump 1n the current 0110 PuaPaPa'l2 |2 fewerted PGH1) speciiied by PCI1 (of Inverted ate '.:::':II::.‘::':
bank PrPaPPy|PaP,P Py ProPyPsP1PgP andlmmedula data P10PgPaPTP&PSP4P3 curront” pank “value
PUPIPPIPGPs | B3P iFo. i e
-— Replaces lower- order 8 bits af PC
JPEA Jump n dthe currentjl 1 0V ) l.O 10|V V| PCrewo {E. AC) wf&‘g"ma :c and lhen"moﬂo the
page modilisd by E address speciflad by the new PC
g and AC content.
§ CZP addr [ Calt subrouting onshe |1 0 1 1 |PaP2PiPo |1 |1 | STACKe(PO)+1 Calla @ subroutine in pages O of bank
$ 1010 page PCi1ios. PCirod> 0 0.
£ POsc2+~P3 Py Py Po
£ CAL adar | Call subtoutins sn the |1 O 1 O | PoPoPa|2 |2 | STACK=—(PO)+2 Calls 8 subroutine tn bank Q.
§ Toso bank PrPePsPalP3P2P)I PO PClw0p 00 P1aPsPy Py
5 PsPsPsP1P2P\Pg
Elar Rerwn liom subrounre [0 3 1 0 [0 0 1 0 1 |1 |PC—isTACK) R, 0 mein routine fram & aut-
2lrT Return Irom intecropt |0 0 1 0 J0 0 v O |1 |V | PC—(STACK) Returns to main routine fram an in- 2F CF
2 rouling CF ZF ~CSF.25F tarrupt earvicing routlna.
BANK Change Dank Tt11yyjrror i PG||‘-]PC|I) Specitles naw ROM banks of pseudo
orP(DP) porte.
sB Set bank 01 Y0 |01 it ]!]RBF—llo gpe:ﬂies worklng reglster and flag
aaks,
BA| addr | Branch on AC bet 01 11 (0D 11p]2]|2(PCreo—P)PePsPa :Ad.t‘:l‘r“ .’.'°F'°"' g““‘:h o aaapoec ’rlos Enange. oo BAG 10
P1PsPsPa| PaPIPr PO F1P2PiPo tlrnmedlatodal e s2apep By Fab P s o Tty
i ACt=1} fs used f 7:? 55‘; i ZJ 0 ;:l‘:.lllo-mm -
' t?fo ‘Iqlarn Idlato d.tl [31:+] u:-ed to
BNAt addi| Branch on no AC bt [O 0 Y )V |O Otiig|2 |2 |PCrwo~ PIPePsPa ‘l‘ :“:{gr’gﬁ“.’::“%‘.m f Wc'"ﬂd g[rﬂ;r;:ﬂ?nela‘zl‘l;
PrPePsPa|PIPIPIPO ' AC P3pP2P1Po In?me:llltc dl’ll 4 PFP5%4§3P2}'|PP7I| Pr":.::‘udzz.::\gll:'nﬁ
= mediale data tie
! ¢ rmmaoifto da{u tito wsed to specify e
BM1 adar [ Branch on M bit 011110 1tiiol2]2[PCreomprpepyPe s :;":':.’“.2"""‘ % I Bety My
§ 1PePsP4|P3IP2PI PO PaP2 Pli;o :ﬂa;f:me%a{e ot 7‘} 3.'5;.49392,;.90 ;Eg.m"uﬁ'ﬂ&"h":
§ it (MIDP. Ly ta)= amth’ey Jmm slf%!‘lgtn lﬂo used'to
E BNMt adds] Branch on no M bir D01 1|0 Vitrtg|2|2]|PCroo—PIPePsPd’ ;I‘::ﬂﬁonu.é; '::"::.ml;' ?&g?ﬂ JM(';';::;‘“&%“;'(L
§ PIPsPsPy|PyP2 P Py ! omiop P”'?';‘ Pa nat immadiate datg PIPaPe PqﬁiF P|Fo [tne varue of Jor
A - Ul
@ ! (0Pt to! ° un tha Im g rt {1 tﬂo use maatate aais 10,
3ir
BP1 aoo | tanch on Porl bil 00V 1V Yy 0Otito |2 |2]|PCue—PiPePsPs w" ’[ m :!;m lnf T’ Tna mnamonia will
P D or pnudo pnﬂ nange Irom BPY 1
Pr P Ps PalPaP2P 1 Pp PyP2P Po ' L r‘ n1 673 depending oa tne|
HIPIOP, tita)) =1 Imm-« mog}-ﬁg'?’g el or3 smancing s s
(QP(DLPl a DEE] feeclata; Gata Uicd esd. (o WR' fol tte-
o Wtita)) = ihe Oeirad
BNP1 adar] Bcanch on ao Port bit [0 0 1 1 |1 0 (116 |2 |2 | POres—PIPPsP !‘Ja?;lﬂ"'P""' o pam ‘“5"."”“; [1re, mromentc wil
#1 Pa Ps Pa| Py P2 1 Po _ PiPaP\Po b ‘!‘%‘ ALYl i ot BT capandiog o4
If[rofgz;.;| Io)))')- 0 0 m{:zl'iﬁf&%%‘;}g?ﬁeﬁ mociate OMA tHl0x
or Apte)) = edlpte dsfe y
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cycle.

—E—.« Operation Code Altectod
F] Mnamonlc g £ Oparations Operating Description TS Remarks
ig D;DsD5D4 D3D,0Dg[ © 5 fiag(s)
8GCadds |Branch on CF 001 1|1 11 0|2[2]|PCro—P;PsP5Py ,dg,';ggqu°9'm bf‘"chF*“q”gFﬂod
te that | diate data PP,
PPsPsPUPsPaPIPo| || PaPaPiPa | s e gl (NERRE e Py
BNC addr | Branch onno CF 001 1|1 11 1]2]2|PCroo~P;PgPsPy | Makes propram branch to s spegified
dl
P1PgPsPy| P3P2P1Po " CF:’OFZP'PD p;pshspwgszphﬁonun:::tmpe%ﬁ’
£ BZaddr | Branch on ZF 01 1 1|1 11 0[2]|2|PCroo~PyPgPsPy | Makes progeam branch 1o & ppogiliad
I dl data P
% P1PgPsPa[PyP2 Py Po ' ZF:"P’P'P“ PgPstPngP‘i’oT:nautlolo ety
ﬁ BMZ addr | Branch on no ZF 001 1|1 1 1 0[2]|2]|PCreo—P;PgPsPy :‘dd'}:z.p']?‘alilhrg E;.nch l%l Ifled
diate  da
3 P1PsPyPalPaP2P1Fo " ZF:JOFZP‘PO PJ ehsP:‘PaazHSQ i t%io-cl'f'
BFn addr | Branch on llag bl 110 1 |nanzningl2]|2{PCroo=PyPgPsPy ?dro“plr?n{rsgm rancgr S.T:;cprc:rd Trr‘lamnav'v%nr;‘c
PyPgPsP|PyP2P Po P3yPPy P 'fd oV oplator bank b (siready 80 Yo BFIS
W LFne=1 se octe |l t. Note that immadiate according to
3:‘1 adnZninG I‘u \me{‘s‘l u.:n:’pohclry I}m he velues of
medlat?dulaﬂ'r?epspﬂ'ap‘gs’ 0 used
BNZ addr | Branch on no llag bi b 00 V[aanzningl 2] 2] PCreo-PrPgPsPy an’a'?'nniﬁ's‘ ?'e ppeo, It I!-d T:'\.o"mrw:n'%r:'&‘c
PrPgPs Py P3Pz PPy P3P PPy bl-‘) I:“r;gillgio th b L. rndg NF{ (60 BNF 15
I bFne O salacted] la raset. Not at Im- according tg
RN W ol the vatues of
Eie ".‘;"Q.%":"J’ S ohd Bared )
b3hahiPo pec
P Input  port A — ar uts data to AC hi ZF
put  p o AC 0ODO0OO|VYVYOO|1}1]AC EZ;(:?S;;]] BP:) dats o AC lrom the eort
g oP Outpul AC 10 port 01 3V 0[000 1§71} 1}P{DPL) or «=(AQ) Outputs data to the port P(DPL) or
3§ GP(DP) oseudo port GP(DP) from AC.
8
—|sPB bit |Set porl bil 0000|011 BByl 1]|2|P(DPLEIBG) —1 §, W‘C”‘ﬂd D‘l ?,' " Rt 11 executed
3 o PP BBy | herp e e amum ", oo {he “gontent
] specily the deslred port b raque‘grmwlél
2 Yo
2
c
= | RPB bit [ Reset port bit D01 0|0 188y!|2[POP.BIB)—0 Resats o specl u zZF it executed,
o apion man | G B of P et
spaciiy the d Ir t reolster wl
e destroyed.
SCTL bit | Sev contiol register 00101 Y 0O0[|2{2]CTL B3BzB1Bo — 1 | Sete a cifiod bit of tha contral * 2
o 1 0 0 0|B3B;8 By or Ff."g'f'SF e ""’E’.ﬁ'ar "r'ffe'r'r‘i%‘: Snable
MSTEN—1 933 |B? |l und l.o i%'.‘éﬁy"?r'.:
g déslred b
= i - 161 |
¥ RCTL bir | Resel conirol reqister [0 O 0 O v 1 0 02} 2]CTL, BaB2B1Bo -0 fgl ter (mﬁmgglblggﬁﬁr& c:r:'aéf. ZF * 2
‘B bit 100 1]B)B;8,8y of ! o ot the master Intercuot e bl
= MSTEN~—0 Ba&zmﬂ? is used to specify l.ho
2
8 HALT Halt LY 1301 1 0] 1] 1] Hel, Hold Ptaces tha c¢hip in the atandby mode.
NOP No  operation 0000]000 G(1]1[No operation The CPUruns Idle for 0ne machine

*1: If two or more LI or CLA Instructions are executed contlnuously, only the first instruction will be
executed normelly. However, the instructions following the tiest will bs handled as the NOP instruc-~

tions,
.2

B3B2B1BO = 0000B to 10008
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[ On the LC65404A user mask option code specification |

Overview

The user mask option data for the LCB65404A should be stored to an EPROM as well as program code and then
sent to Sanyo.

With the Sanyo cross assembier for the LCB65404A, the user is allowed to specify option codes in the
conversation mode and the user option data can be set in an EPROM properly with esase.

If the Sanyo cross assembler is not used, the option code should be specified in the following manner
{this corresponds to the format of the cross assembler):

EPROM address map

oeo0H ~

Program code area (4Kbytes)

FA

EANNNNNNNNNNRNNNNGY

AALAARARRRARANAN

y
\\\
1FFFH \\ RN shouia be filed with 100",

—h b otk h h —A b b b o — O
cooocoooooDoooDODoooo
Y _ VY =Y=]=]=] olwlolel=)=l=lol=laly )]
—~o NMMOODPOWE-IONLWN—OT
ITIITIIIIIIIIIIIIIIT

31

139
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Contents of User option codes

27 20
roood | [ [ | fol1]

o | ]
L"“‘f"ﬂ\"""""”—r/ - Main clock oscillation option
00 Two-pin CF oscillation
—— 01 Two-pin X'tal oscillation
—— 10 No assigned (unselectable)
—— 11 Externa! clock

» Sub clock oscillation option
00 Two-pin X'tal oscillation (unselectable)

——01 Unused
—10

—11

} Not assigned(unselectable)

» Port C output level at the initial reset

0 'L' level output
l— 1 'HW level output
« Port D output level at the initial reset
[_ 0 'L' level output

1 H' level output
- Watchdog timer reset function
0 Not selected
t Selected
- AC zero cross input function

l_ 0 INTO input mode
1 AC zero cross input mode

2 e
1001H [ofofolo]oo]o]o]

T
These bits should always be set to 'O\

27 20
10021 [ PA3 [ PAz | Par | Pan |
\ J

= Port A output type

00 Nch open drain output
01  Pull-up MOS output
10
(R

No assigned (unselectable)

27 20
1003H [ P83 ] PB2] P81 ] PBO |
\ -

» Port B output type
00 Nch open drain output

01 Pull-up MOS output

:? } Not assigned (unselectable)

To be continued on the next page.
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Continued from the preceding page.

27 20
10041 | PC3 | PC2 [ PCI ] PCO |
: l ! - Port C output type
00 Pch open drain output
01 Not assigned (unselectable)

10 Pull-down resistor output
11 Not assigned (unselectable)

27 20
1005+ | PO3 | PD2 [ PD1 [ PDO |
\ J

« Port D output type

00 Pch open drain output

01 Not assigned (unselectable)
10 Pull-down resistor output
11 Not assigned {unselectable)

27 20
1006H {ofJoJoJoJoJo]o]o]

These bits should always be set to 'O\

.o 20
1007H | PF3 | PF2 | PF1 | PFO |

’

| » Port F output type
00 Nch open drain output
01 Pull-up MOS output

:? ] Not assigned (unselectable)

(Note) Be sure to set the output type of
the PF3 port pin to OD if the AC
zero cross input mode has been
selected with the AC zero cross

10081 &7 20 input option.
o fofJofofoofofofo]
100BH .

{
These bits should always be set to 'O

.27 20
100cH | Pk3 | Pk2 | PKi | PKo |
b l ' . Port K output type
oo Pch open drain output
01 Not assigned (unselectable)

10 Putl-down resistor output
11 Not assigned (unselectable)

To be continued on the next page.
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Continued from the preceding page.

27 20
1000H [ P3| Pz ] pli | PLO|

)

« Port L output type

27 20
100eH | Pm3 | Pm2 | PM1 | PMO |

1 -}

00
01
10
1

Pch open drain output
Not assigned (unselectable)
Pull-down resistor output
Not assigned (unselectable)

- Port M output type

00

2? 20
NEEEREARNES

v 2

ot
10
t

Pch open drain output
Not assigned (unselectable)
Pull-down resistor output
Not assigned {unselectable)

» Port N output type

27 20
10101 | Po3 | PO2 | PO1 | POO |

) l

o0
01
10
1

Pch open drain output

Not assigned (unsefectable)
Pull-down resistor output
Not assigned (unselectable)

» Port O output type

0o

27 20
10114 {ofolofofo]o] Ppo |

S
These bits should i

01
10
11

Pch open drain output

Not assigned {unselectable)
Pull-down resistor output
Mot assigned {unselectable)

« Port P output type .

always be set to '0\.

00
01
10
1

Pch open drain output

Not assigned {unselectable}
Pull-down resistor output
Not assigned (unselectable)
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[ Programming Considerations |

. The user application programs for the LC65404A should be developed with the following considerations in

mind.

Item

Functions

Conslderation

System clock
mode

The LCE5404A allows the user to select the desired system clock
source from the tollowing three by software.

@ Main clock 1/1 mode (Tgyc= 0.85 us)

@ Main clock 1/2 mode (Teyc = 1.80 wus)

@ Main clock 1/32 mode (TCcyc = 30.6 us)

(Note) Main clock = 4,19MHz

- The main clock osclllation is always
required at the system start-up.

System clock

The desired system clock mode can be selected by writing data to

When the current system clock mode needs

<Release>
(1) Reset
{2) The PB3/START pin is set to 'H’ with the WGt = 1,

c | switching the clock mode flag (CMF: 2 bits) of the system clack control to be changed, the user shoutd confirm
-S register as shown below: that the maln clock oschlilation has
2 becoma stabllized or that the MCSTP flag
@ CMF System clock mode has been set to '0' in the external clock
x 0 [Main clock 13/32 mode (at the reset) Input mode.
8 1 |Main clock 1/1_mode « The current system clock mode wilt be
0 2 |Main clock 1/2 mode switched to the desired mode in 64 cycles
E 3  |Unusable (64/fMOSC. Max.) after the CMF flag is
2 set properly. |f the user wants the
> LC65404A to enter a standby mode after
the system clock switching, the above
switching time peciod should be kept in
mind, That is, the user should execute
the HALT instructlon after the switching
- time elapses.
Main clock The malin clock osciilation should be started by setting the MCSTP - Be sure not to set the MCSTP to "1 If
control flag of the system clock centrol register to "0" {(at the it is set to '1', the main clock
(osciltation reset). oscillation will stop. As a result, the
stop/start) microcomputer wlll operate abnormally.
HALT mode «Start»> « If tha HALT mode needs to be released
start/release The HALT mode wi be started If the HAL'T instruction Is executed based on the PB3/START pin level (*H') or
with the SLPF flag of the standby control register set to ‘0. the interrupt release signal, the WG2 or
Note that the instructlon will be processed as the NOP instruc- WG3 flag must be set prior to the execu-
tion If one of the followlng conditions Is satisfied, tion of the HALT Instruction,
<Release »
(1) Reset
(2) The PB3I/START pin is set to 'H' with the WG2 = 1,
8 {3) The Interrupt release signal becomes active with the WG3 = 1,
S {4) Time base overflow
5
w
2| HOLD mode <Start»> + Execute one NOP linstruction before
2| start/release | The HOLD mode will be started if the HALT instruction Is executed issulng the HALT instcuction to place the
g with the SLPF = 1. microcomputer in the HOLD mode.

« |f the HOLD mode needs to be released

based on the PB3I/START pin level, it
should be confirmed that the WG1 flag is
set and the actlve oscillation clock
{either main clock x 1/128 ) is used as
the time base source clock prior to
the execution of the HALT
{nstruction,

To be contlnued on the next page.
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Continued from the preceding page.

watchdog function
has been selected)

Item Functions Consideration
Watchdog reset The watchdog reset functlon uses the time base timer to allow » The routine must be included In the user
{only In case when| program upset and watchdog reset, . application program in order to reset the
the optional TBF flag wlithln a certain fixed time

(maximum time base timer overflow cycle).

In this case, be sure not to overlap the

time base interrupt request signal timing

with the TBF flag reset timlng.

The active oscillation clock should be

used as the time base clock source.

= If the tIme base Interrupt request flag
(TBF) Is set to '1' prior to the HALT
mode activatton, the HALT mode will be
released dua to the time base overflow
signal and at the same time the watchdog
reset signal becomes active. In order to
prevent the watchdog reset at the HALT
mode release, (1} reset the TBF im-
mediately before executing the HALT
instruction or set the time base
Interrupt enable flag (YBEN) and the HALT
release enable flag (WG3: reiease due to
the Interrupt) before executing the HALT
instruction.

Interrupt
Enable flag
(control
register:
5 bits)

» Five flags are provided to control the flve interrupt sources
on one-to-one basis. To enable a certaln interrupt request, its
corresponding Interrupt enable flag must be set. (For this
purpose, the SCTLO to SCTL7 Instructions can be used. Note that
multiple flag bits cannot be accessed at the same tima.)

All the interrupt enable flags are reset at the system
reset.

.

No flag Is reset after Interrupt process-
Ing terminates. In resetting a certain
flag, tssue the RCTL instruction to that
flag,

All the tlags are reset at the HOLD mode
start, Set the desired flag after the
HOLD mode is released.

‘Interrupt
request
flag

Interrupt function

Five Interrupt request flags are provided to the flve Interrupt
sources on an one-to-one basls. These flags are assigned to a
pseudo port. To reset the flag bits, data is loaded to the AC
{ACcumulator) by the 'BANK + IP' Instructions and then output
to the port by the 'BANK + OP' Instructions. Note that any bit
cannot be set. The data bit that corresponds to the flag bit to
be reset should be set to '0' and the remalning data bits
should be set to 't This data should be first set in the AC
and then output to the interrupt request register by the 'BANK
+ OP! Instructlons,

At the reset, alt the flags except for the timer 1 interrupt
request flag (TMIF) are set to all '0',

The SIOF is reset the moment when the serial data transfer Is
started.

No flag Is reset after interrupt process-
ing terminates. Every time when a certain
Interrupt processing Is performed, be
sure to reset the flag that corresponds
to the Interrupt source. Note that tf the
interrupt request flag needs to be reset,
It shou!d be confirmed that the master
interrupt enable flag, and at the same
time the individual Interrupt enable flag
that corresponds to that Interrupt source
are both reset or either one is reset.
All the flags are reset at the HOLD mode
start-up.

= Be sure not to issue the 'BANK + SPB/RPB'
Instructions to the Intercupt cequest
register,

No. 3438-25/27




LC65404A

| Considerations on Program Evaluation |

« The application programs for the LC65404A should be evaluated on the evaluation chip {LC65999 or
LCB5PG20X/40X) with the following considerations in mind,

type

Item

Item

Function

Production chip

EVA chip

Consideration

Function Settings

RAM capacity

RAM capacity of

The desired RAM capacity can

Set the RC and RC2 pins properly in

be set by the STC pin.

256 x 4 bits be selected by using the RC | accordance with the production ¢chip RAM
and RC2 pins. capacity.
Stack levels 8 levels The desired stack level can | Set the STC pin properly in accordance

with the production chip setting.

Qutput type of
ports C and D

Pch high-voltage withstand
input/output

The circuit type of ports C
and D can be set to the Pch
high-voltage withstand
input/output or the Nch
medium-voltage withstand
input/output by the C/FLSEL
pin,

Set the C/FLSEL pln properly in ac-
cordance with the production chip
circuit type,

Optional functions

Oscillation
circuit

Connect the desired oscil-
lator with pins OSC1 and
osca.

If the EVA chip board is used
for program evaluation, the
desired oscillator can be
selected by using the jump
switch on the board. The
slmulatlon chip has the same
optional selection as the
production chip.

{EVA chip board)] Set the jumpec switch
properly in accordance with the pro-
duction chip option setting. (simula-
tlon chip) Connect the same oscillation
as that of the production chip to pins
0scC1, OSC2,

Output level
of ports C and
D at the reset

4-bit simultaneous select.
The output level of all the
four bits of the port C or D
can be set to the 'H' or 'L'
at the same time,

Port C can set to the 'H' or
'L' by the CHL pin while port
D by the DHL pin.

Set the CHL and DHL pins properly in
accordance with the production chip
option setting.

Watchdog reset
function

The watchdog reset function
based on the time base timer
can be selected.

The watchdog functlon can be
activated or inactivated by
using the WDC pin.

Set the WDC pin properly in accordance
with the production chip option sett-
ing.

AC zerocross
detection
circuit

The AC zero cross detection
circuit can be internally
added to the PF3/INTO pln.

The AC zero cross detection
c¢lrcuit can be Internally
activated by the ACZ/INTO
pin.

Set the ACZ/INTO pin properly in
accordance with the production chip
option setting.

Port output

The output type of each port

No pull-up resistor output

[EVA chip board] Connect the 10kohm of

the port pin that enters the
high Impedance state (HI-2
OFF) at the 'L'-level output.

externally added, the Im-
pedance level remains un-
changed at the ‘L' level
output.

type: PUand | pin can be set to the PU or | can be selected. All the port | external resistor to the target port.
(o] 0] OD {on a single-bit manipu- | pins are set to the Nch OD | [Simulation chip] Cornect a resistor to
lation basis). output type. the target port of the user application

board.
PU resistor This resistor is used with | Since thls is a resistor | On the production chip, only the

leakage current flows into the Pch Tr,
at the 'L' output. However, please
note that the current flow continues
through the pull-upresistor on the EVA
chip.

Port output
type: PD and
oD

The output type of each port
pin can be set to the OD or
PD {on a single-bit manipu-
lation basis).

No pull-down resistor can be
selected. All the port pins
are set to the Pch OD output
type.

[EVA chip board] Connect the 100kohm of
external resistor to the target port,
fSimulation chip] Connect the external
resistor to the target port of the user
application board. Note that the user
application board should have its own
load power supply.

To be continued on the next page.
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Continued from the

preceding page.

Eg Function . .
133 Item Consideration
=~ Production Chip EVA Chlp
Main clock [Crystal oscillation] and|[Crystal oscillation] and [ [Crystal oscillation] angd [Ceramic
oscillation [Ceramic oscillation] If the [ [Ceramicoscillatlon] The EVA | oscillation] External constants should
§ | constant guaranteed constant listed In [ chip differs from the pro- | be fine-adjusted according to the
’g this catalog is used, the|duction chip in oscillation | evaluation environment,
= standard oscillatlon fre- | circuit design and character-
3 quency is produced, istics, In addition, the
© oscillation may be unstable
due to wire capacitance.
Oscillation The oscillation frequency | The EVA chipdiffers from the | The detailed evaluation should be per-
frequencies of | characteristics are shown in | production chip in circult | formed on the ES and CS.
main clock this catalog. design and characteristics.
Operation The current characteristics | The EVA chip differs from the | The standby current cannot be evaluated
current and are shown In this catalog. production chip in clrcuit | in detail. However, the standby func-
Standby cur- design and characteristics, tion can be confirmed in the manner as
6 | reat shown in the manual, Be sure to check
9 the standby function in that way. The
5 characteristics should be evaluated in
‘g detall on the EC and CS.
[
5 Operating The operating power supply | The power supply voltage | The EVA chip should operate in the
% | power supply voltage range is shown in [range is limited to the the | operating power supply voltage range of
g voltage this catalog. range for the EPROM and other | VDD=5V 5%, The operating voltage
S LSls. range of the EPROM and other
5 LSls should not be exceeded. This means
that the functions in the entire oper-
ating range of the production chip
cannot be evaluated.
Operating The operating ambient | Guaranteed temperature range:| The operating temperature range of the
ambient temperature is shown in this | 10 °C to 40 °C EVA chlp and the simulation chip should
temperature | catalog, be from 10 °C to 40 C.
ROM capacity | The LC65404A has the 4Kbyte | Up to BKbytes of ROM can be | It should be confirmed that the ap-
ROM, This means that the JMP | externally added to the chip. | plication program size is less than 4K
c and BANK + JMP instructions | The SB + JMP, BANK + JMP and | bytes.
2 atlow program to jump to the [ JMP Instructions ailow pro-
§ entire ROM area, Note that [gram to jump to the entire
< the SB + JMP instructions | ROM area.
cannot be used.

W No products described or contained herein are intended for use in surgical implants, life-support systems,
aerospace equipment, nuclear power control systems, vehicles, disaster/crime-prevention equipment and
the like, the falure of which may directly or indirectly cause injury, death or property loss.

B Anyone purchasing any products described or contained herein for an above-mentioned use shall:

@ Accept full responsibility and indemnify and defend SANYO ELECTRIC CO. LTD, its affiliates,
subsidiaries and distributors and all their officers and employees, jointly and severally, against any
and ail ¢claims and litigation and all damages, cost and expenses associated with such use:

@ Not impose any responsibility for any fault or negligence which may be cited in any such claim or
litigation on SANYO ELECTRIC CO, LTD, its affiliates, subsdiaries and distributors or any of
their officers and employees jointly or severally.

B Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guarant-
eed for volume production. SANYOQ believes information herein is accurate and reliable, but no guarantees
are made or implied regarding its use or any infringements of intellectual property rights or other rights of
third parties,
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