f_Ordering number : EN 34384

CMOS LS|

No.3438A | LC65404A

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

4-bit Single Chip Microcomputer
for Control Applications

The LCE5404A 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 {I/0) port pins; 29 for high withstand cutputs (Drivers for
fluorescent display tubes and LEDs), and 12 for input/output (including the altermative pins to interrupt
inputs and serial input).

In addition, this single-chip microcomputer has a two-channe! 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, It is designed based on various standby operation modes. As a result,
the LCB53404A 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 LC65404A functions but oscillation circuit design and
ambient operating temperature range. Its chip name is LC65204A. 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 LCB65404A should be used with the X1 pin connected to the
Vpp and the X2 pin left open.

Features:
- Seventy-seven instructions
- On-chip storage capacity; 4Kbyte ROM and 1Kbit (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
- 1I/0 ports : 41 (Total)
» High-voitage withstand output ports : 21
= High-voltage withstand input/output ports : 8
» Medium-voltage withstand input/output ports : 3
« Inputfoutput ports : 9
- AD converter (sequential comparison type)
« B-bit Accuracy x 8 channels
- Timer : 2 channels
- Timer 1 (interval timer) : Also used as the PWM DAC and applicable 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)
» B-bit input/output
- AC zero cross detection circuit

« The AC zero cross detection circuit is allowed to be internally connected to the PF3/INTO 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: 4.19MHz Crystal oscillation or 4.0MHz Ceramic oscillation

Effective at the reset.

- Standby function: two modes; HALT mode and HOLD mode
- Supply voltage: 3.0V to 6.0V
- Package: DIP-525

- Evaluation Tools:

LCB5PG20X/40X (piggyback)

System Block Diagram
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Development Support
The development support tools for the LCB5404A are as follows:
(1) User's Manual
(LCB5204A/404A User's Manual]
(2) Development Tool Manual
[EVABD0/850-LCB51XX/2XX/3XX/4X X Development Tool Manuall
(3) Development Tools
3-1. Program development tools
i. MS3-DOS Host Computer System and Cross Assembler (note 1)
ii. Cross Assembler -~ MS-DOS-based Cross Assembler ; LCB5S.EXE
3-2. Program evaluation tools
i Evaluation Chip: LC65999
ii. Piggyback Mlcrocomputer : LCB5PG20X/40X

iii. Emutator : 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 CB55,EXE>

EPROM
(2764, 27128 or
their equivalent)

Model/Function
setting switches
- 4

EVA chip board: _
EVAB00/850-TBB51 X X/2XX/3X X 4XX Piggyback Microcomputer:
LCB5PG20X/40X

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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LC65404A Pin Assignment

PAO/ADD | N 52 vp
PAl/AD) 2 51 PPO
PA2/AD?2 3 50 P03
PA3/AD3/INTI 4 43 P02
PBO/AD4/ DACO 5 48 POt
PB1/AD5/ DACT 6 47 POO
PB2/AD6/SOR 7 48 PN3
PB3/AD7/START 8 45 PN2
Av+ 9 44 PN
AV— 10 43 PNO
Vss 1 42 PM3
05¢1 12 41 PM?
0SC2 13 LC656404A 4 PMI
Voo 14 39 PMO
RES []I5 8] PL3
X1 16 37 PL2
x2 17 » PL1
TEST 18 35 PLO
PFO/S1 19 34 PK3
privso [ 120 3 PK2
PF2/SCK [ 21 207 ex
PF3/INTO 22 n PKO
PCO 23 30 PD3
PC1 24 29 PD2
Pc2 25 28 PDI
PC3 26 27 PDO
Package Dimensions : 3128
(unit; mm)
52 27
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Pin Description

Pin
Name

No.Of
Pins

170

Functional Description

Output
Driver

Option

Reset
Status

Unused Pin
Handiing

VoD

1

V55

Power supply pin

TEST

1

LSl test pin, This pin should be con-
nected to the Wss 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.

AVt

AV

Reference voltage
conversion

input pin for A/D

Always con-
nected to the
vgg pin,

OSCi

0sCe

Oscillation cireuit component pins for
system main clock generation, H exter-
nal clock input Is used, leave the QSC2
pin open and connect the external élock
generator to the QSC1 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.
Xa2:
OPEN,

left

vp

Load power for FLT output internal pull-
down resistor

Connected to
the Vpp pin.

PADte3

/0

tnput/output port pins PAO to PA3
- Port function
4-bit data lnput [IP Instruction}
4-bit data output {QP 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 pins can be used
for two or more purposes:
PAD/ADD:
Also used as AD converter input pin
ADO
PA1/ADT;
Also used as AD converter input pin
AD1
PA2/ADZ:
Also used as AD converter input pin
AD2Z
PA3/ADI/INTI:
Also used as AD converter input pin
AD3 and as external interrupt
signal input pin TNTT

Normal-volt-
age withstand
Medium=-level
current type

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

(2)

Qutput
transistor
OFF {H-
level out-
put)

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

PB0to3]

1/0

Input/output port pins PBO to PB3
- These port pins have the same function
as port pins PAQ to PAS,
- Low-level threshold Input
- All these 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
DACO

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

PB2/AD6G/SQR:
Also used as AD converter input pin
ADB and square waveform signal
output pin SQR.

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

Same as PAD
to PA3

Same as PAD
to PAJ

Same as PAQ
to PA3

Same as PAD
to PA3,

Continued on next page.
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Continued from the preceding page.

Pin No.Of . . Output . Reset Unused Pin
Name |Pins ey Functional Description Driver Option Status | Handling
PCOto3 q 1/0 | Inputfoutput port pins PCO to PC3 Vpp-45V The outpult | The output | Set the

- Same as port pins PAQ to PA2 in High-voltage typf °|f each [level at | pin(s) to the
tunction, withstand Ecg spent ct"’g 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 d‘atab Orai 0! by | data and then
option data at the same time, m (Op;)"ou{g:]“t option data.| connect it
- FLT segment drive output (2} Puli-down {or them) to
resistor output the Vss pin
Output level through the
specification resistance of
option: The some kohms,
output level In addition,
?our port be sure to
pins can be set the peort
simultaneously output  level
s t:thhoé at the reset
reset by to ‘L.
option data.
PDDte3 4 1/0 | Input/output port pins PDO to 'PD3 Same as port | Same as port [Same as port| Same as port
- Same as port pins PAG to PA3 in| pins PCO to | pins PCO to |pins PCO to| pins PCO to
function and characteristic. PC3 PC3 PC3 PC3
PFQt3 4 1/0O | Input/output port pins PFO to PF3 PFO to PF2 {1} Qutput Same as port| Set the
- Same as port pins PAO to PAJ in | Open Drain type pins PAQ toj pin(s) to the
function. (OD) ocutput 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 PAD to data and then
PFO/SR Pull-up out- PA3. connect it
Also used as B-bit serial input pin | put types: | (2) The AC {or them) to
S, Normal-volt- zero the Vss pin,
PF1/S0: age withstand cross
Also used as 8-bit serial output pin ) PF3 detection
SO.___ Normal-volt- circult
PF2/SCK: age withstand can be
Also used as 8-bit 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 tc this pin by
option data {AC zero cross interrupt
function available).
PKDtod 4 O | Output port ping PKO to PK3 Same as port | 1he outpul | ogurput Set the
- Port functions pins PCO to “('fr’f U'fne:g: transistor pin{s) to the
a-bit data output (OP Instruction) | PC3 bt P G0 | oFF ("L | open drain
1-bit set and reset operation either (1) or | level oul- | ocutput type
(SPB and RPB instructions) . put) by option
1-blt decide operation {1) Open data and then
(BP and BNP instructions) Drain (QOD} connect it
- FLT segment drive output output {or them} to
(2) Pull-down the VDD pin
resistor
output
PLOto3 4 O | Output port pins PLO to PL3 Vpp-45vY Same as port |Same as port] Same as port
- Same as port pins PKO to PK32 in High-voltage | pins PKO to |pins PKO to| pins PKO to
function. withstand PK3 PK3 PK3
- FLT digit drive output It_ﬁ;ge current
PMQto3 4 0] Output port pins PMO to PM3. Same as port | Same as port |Same as pert| 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 |pins PKO to| pins PKO to
function and characteristic PL3 PK3 PK3 PK2
POQ0o3 4 O |Output port pins POO to PO3. 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 () | OQutput 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. PL3 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 {evel 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 fevel 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

Conditions
1. Watchdog reset function select

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 circuit 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 s Schmitt input a Sw2
e N i
b b
i AC rero crosq

detection
cifcuit
W
, Wi swr | swe
Option nameé
% Port input INTG input a a
AC zero cross

input
i |
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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 inputfoutput 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

Appiied ports

Open Drain {OD)
output

O—— 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
voltage output port pin to either the open drain output or

setting only).

each high-voltage input/output and high-
the pull-down resistor output {bit-by-bit

Option name

Circuit type

Applied ports

Open Drain (OD)
output

Ports C and D

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

Puli-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 L C65404A Characteristics |

1. Absolute Maximum Ratings at Ta = 25°C, Vss = QV
Applied Pins - L ,
Parameter | Condition Limits Unit
Symbo and Remarks rHons voo(v) l
td&:;;nggm Supply Voo max | Voo ~0.3te+7.0
Input Voltage Vi(1) 0SC1 Al self-oscillation Up to the voltage produced
aco OSC1: at _
Vi{e) TEST, RES,0SC1 external clock 0.310Vop+0.3
input
Vi(3) AVt —0.3teVon+0.3
Vif4) Ay— —0.3t0VoD+0.3
Vit5) vp Voo—45teVop+0.3
Qutput Voltage Voll) QSC? At self-oscillation Up to the voltage produced \%
forts K, L, M, N, O Vpp—45toVpo+0.3
Volz) ar% Sport pin PO bo=45t0
Input/output Vio(l) Port pins F2 to FO At open drain —0.3t0+15
Voltage output
Vio(2) Port pins F2 to FO At pull-up reslstor —0.3toVoD+0.3
output
Vip(3) Ports C and O Voo—45toVoo+0.3
VIo(4) oS A B —0.3toVop+0.3
Peak Output lop{1) Ports A, B, and F ) —~2to+10
Current, Forts, T, M, N, O 30100
lop(2) and port pin PO h
1o (3} Ports C, D and K —10t00
Average Output loall) Ports A, B, and F Average value per —2Zto+10
Current Ports L. WM. N O pin for 100ms " 30to0
l0a(2) and port pin PO to oA
10A(3) Ports C, D, and K —101t00
Zloall) Ports A and B Total current —16t0+80
value of all .
Zlpaf2) |Port F pins for 100ams 8 to+40
Sloald) | pons it M T© ~50t00
Zloald) Ports C, D and K —50tal
Maximum Power | Pd max | DIP52S Ta=—3010+85C 580 M
Dissipation
Temperators -0 | TOpr ~00+8 |
Tempersture | 1518 —~55t0-+125
2, Allowable Operating Range at Ta = -30°C to +85 °C, Vss = OV
Applied Pins . Limits
Parameter Symbol and Remarks Conditions Voo V) Min Tvp Max Unit
Operating Power | Vippll) Voo 0.Russ 4.5 6.0
Supply Voltage TCYC<35.US
{including a
standby made) | Vpp{2} Vo, 1.84ps= 4.0 6.0
Teye <36us y
Voo(d) Voo 29.4us= - 3.0 6.0
Teye < 36us
Memory backed-up Full standby . 6.0
Power Supply vst Voo mode (HOLD 18 \%
Voltage mode}

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

Altowable Operating Range at Ta = -30 °C to +85 °C, Vss = OV
Applied Pins - Limits
Parameter Symbol a:?g Remarks Conditions Voo (V) Min Typ Max Unit
pout evel V) [y R o O e "] 3.0106.0 | 0_80Voo 13.5
ViR(2) f-'é" por2e POrt PINS o tput Neh Tr. OFF | 3.0106.0 0.80voo VoD
Vin(3) Ports A and B Output Nch Tr, OFF | 3.0t06.0 1.9 VoD
Vinld) Ports C and D Output Neh Tr, OFF | 4.5t06.0 | 0.80VoD VDD v
3.0t06.0 [ 0.85VDo Voo
Vinis) oscu.START.PFF’E@;fL%.:’l. e o1 3.0t06.0 | 0.80Vo0 Voo
INTO, INTTtNote 1) lEﬁePEﬁ: aseR),
VIH(G} RES 1.8106.0 | 0.80VoD Voo
Input 'L'-level viL(n Port pins F2 to FO |Output Nch Tr. OFF | 3.0t06.0 Vss 0.20voo
Voltage VILi2) Ports A and B Output Nech Tr. OFF [ 4. 5t06.0 Vss 0.5
3.0w6.0 Vss 0.35
VIL(3) Ports C and D Output Neh Tr. OFF | 3.0to6.0 Vss 0.40voo
viL4) | TEST 4516.0|  Vss 0.30voo | V
3.0t06.0 Vss 0.25VDpD
VL) [OSC1,RES, PF3/ [33% e, 7. BonlTes tol 5 7006.0 Vss 0.20VoD
INTO, INT ote {37 OFF, fonpl o't
ViL{6) START 1.8t06.0 Vss 0.20Voo
He:rtl;uctron Cyele Treye {Note 2) {Note 2) 0.92 36 | ws
Frequency Fxosc 0OSC1 {Note 2) 3.0t06.0 3.6 4.33
H MHz
8 .
% | Pulse Width | Twoscch See Fig. 3 4.51t06.0 70
,;-; TwosccL
: 3.016.0| 140 e
‘EE ?;Tf :inr:es Toscr See Fig. 3 3.0t06.0 30 s
=0 Toscf

(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 +B5%C, Vss = OV
i i Limits
Parameter Symbaol Applied Pins. Conditions 1
and Remarks Voo (V) Min Typ Max Unit
Input  'H'-level hH(1) 0D type port pins S#;R:;I?'qprfN 3.0t06.0 +5.0
Current F2 to FO {transistor} OFF
{Iinctuding Nch Tr,
'OF F leakage
current). Vin=+13.5V
{2} OD type ports A and | Output Nch (N 3.0t06.0 +1.0
B, and OD type port | channel) Tr,
pin F3 (including {transistor) OFF
multi-functional (including Nech Tr.
port_plns INTO, OFF ieakaga HA
INTT and START) | current). Vin=Vpp
{Note 1)
l4(3) RES Vin=Vop 3.0t06.0 +1.0
{4} 0SC1 | Vin=voo 3.0t06.0 +10
{it(5} OD type ports C and | Output Pch Tr OFF. | 3.0t06.0 -+30 -+100
D Vin = Vpp
Input  'L*-lavel (1) OD typeports A, B | Output Nch Tr. OFF. | 3.0t06.0 —1.0
Current and F (including Vin = Vss
multl-ii'uncl}\llg])_lz)al
port pins Y
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 -
(finchtjg:!ingl rnulttl-
unctiona o1
ping INTQ, mA
and START)
(Note 1)
hL{3) RES Vin=\Vss 3.0t06.0 —60 25
l (4} 0SCH Vin=Vss 3.0106.0 —10
[ (5} 0D type ports C and g#;ﬁ:;gc%(f 3.0t06.0 -30 uA
o transistor) OFF
Including Pch Tr,
OFF leakage
current), Vout =
Vpp - 40V
Output 'H'-level Vo (1) PU type ports A, B | Jon= —H0uA 4.5106.0 [VDo—1.2
Voltage end F
VOn(2h | PU type ports A, B | lon=—104A 3.0t06.0 [Vpo—0.5
an
Von(3) Ports L, M, Nand | {op=—20mA 4.51t06.0 1Vpp—2.1
0, and port pin PO
Vonr{d) Ports L, M, Nand | |oy=—1 (0mA 3.0t06.0 |VDD—1.0
0, and port pin PO v
loHs of other
ports < -1mA
VoH(5) Ports C, D and K | JoH=—5mA 4.6106.0 Ivop—1.8
Vor{6) Ports C, D and K | lom=—1.0mA 3.0t06.0 |Voo—1.0
10Hs of other
ports < -1maA
Output 'L*level Vo (1) Ports A, B and F | [o =5 mA 4.5t06.0 1.5
Volt
age Vou{2) [Ports A, B and F | o =1.0mA 3.0to6.0 0.5
10LS ot 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

Appli i Limits
Parameter Symbol pplied Pins Conditions . .
and Remarks Voo (V] Min Typ Max Unit
Output 'L'-level Qutput Pch (P channel)
Current (the lou E?Ltwi.ﬁ '&?gt:dcdl[)' Tr. (transistor) OFF 5.0 190 362 844
gull'll'%nt produced by and [5[) type port Vout=3.0V
ull-down i
resistors) pin £O Vp=—3tV
Qut 0D type ports K, ., |Qutput Pch (P channel}
C:r?g;IOFF Leakage| 10ff(1) M, N and O, and OD [Tr. {transistor) OFF 3.0106.0 30 #h
type port pin PO Vout=Vpo
ts K, L, |Qutput Pch (P channel} —
foff(2) ﬁ?h}%e\?j%?ra:déo' Tr. (transistor) OFF | 9-0t08.0 30
type port pin PO Vout=Vppo—40V
Puli-up MOS Tr. s Dutput Mch (N channel)
Resistaneg. | Rt b EPS POrts A B3 Miransistor) OFF 5.0 8 12 L
VIN=0V
Pull-up resistor Ru RES ViN=0V 5.0 100 400 | kQ
. ts C, D, 10utput Pch {P channel}
Puli-down reslstor | Rd I:(I‘)Ltlyﬁde. pﬁ:rﬂrz:.d d. 1T (transistor) OFF 5.0 45 105 200
and PD Ltype port Vout=3.0v i kQ
pin PO Vp=—35V
Hysteresls Voltage Port F and port .
¥s 98 | VHys plns INTO, 3.0t06.0 0.1Voo
RES and START A
(Note 1)
tnput Clock | Tekey({1) | SCK See Figure 5. 4.0t06.0 0.8
Cycle
Output Clock | Tckey(2) 1 SCK | see Figure 5. 4.0106.0 [2.0X
Cycle Teve
Input Clock Teku(1} SCK See Figure 5. 4.0t06.0 0.3
"Li-level
Pulse Width
(Note 5)
x —_—
8 | output Clock Teokoi?) SCK See Figure 5. 4.0taB.0 Teye
Q|- level
~ | Pulse Width
bl
b
a —
Input Clock Teku(1) SCK See Figure S. 4.0t06.0 0.3
'H'-level
Pulse width
{Note 5) HS
Output Clock | TckH(2) | SCK See Figure 5. 4.0t06.0 Teve
‘H'-lavel
Pulse Width
- Tick With reference to the . i .
2 %ant\z;Setup c S rislng edge of tha SCK 4.0%06.0 0.2
g signal
- Sea Fig, 5.
2 | DataHold Teki Sl 4.0t06.0 0.2
3 Tima
~ | Output Delay | T With reference to thg 4 (to6.0 0.5
a | Time Cro S0 falling edge of the SCK|
] signal.
© [External resistance: 1
s kohm. External capaci-
.§ tance: 50pF,
See Fig. 5,
. g|Osciilation| foscx 05C1 See Flg. 1. 3.0106.0 4.19 MHz
_% EE Frequency (?qstcza) {Note 2)
= |w=|Oscillation ote
= Sg ST tMXS See Fig. 2 20 ms
g Period
3 Oscillation | fOSCCF See Fig. 1, 3.92 4.0 4.08
- S|Frequency {Note 2) MHz
gples -
G 21§ Z[osaiiiation 1 -
£2|g 8 Stabillzing MCFS See Fig. 3 10
I8 Ol pericd 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 = OV
Applied Pins . Limits
Param Symbol Conditions
arameter y and Remarks Voo (Vi Min Typ Max | Unit
Input Fzin Apply to the case () At opendraln 40 1000
w | Frequency where the AC zero output H2
£ cross detectlon @ At self-blas ON
@ circuit has been @ See Fig.1.
2 the PESNTO pinby [ DB
9 the pin by , (@, Coupl- )
§ nput Voltage | Vziy the user optlon ing capacltang:p= 1.0 2.4 Vo-p
g data, WF
S Detection Vza 0@ @ 60Hz £100
3 | Error slnewave signal myv
a Input
§ | Input Cureent | iz D@0 4 51060 +40
E‘; Vin=VDD oA
B Iz .0 =49
g VlN"'_'VSS
5 | Tnreshola Vik AcMm D.0.O 0.3voo 0.7oo
o Voltage
N ["evel Input | \tak Ay DO, VTkAcm v
¢ | Threshold —0.2
<« | Voltage .
Comparison! \/cecon | ADOto AD? AvV+=Vpp 1 2] g
§ |Acouracy AV-=Vss
[+]
E Threshold | \V/THCON . AvV— AVt
S | Voltage
m
3§ Vot | Vincon AV~ AVt v
3 3 E‘?)Letrence Av+ AVt 5.0 AV— VoD
25 |Yotmee  av-  [av- 109 | VSS AvE
E% Gonversion | Tee ﬁ:,t:‘mparator spesd 1 96
£ .
g fme At 12 x Toye. {Tcve= (Teve=
§; 0.92us) Bus) us
o
g“ i:;:?mparator speed 21 92
¥ = . —
g’i At 23 x Tcyc. (Teve= {(Teye=
o= 0.928) 15)
Resolutlon 8 Bit
Absolut — -
Accuracy AV+=Vpp 1 t?
< | Zero Scale Ezs AV-—=Vss +1
E Error LSB
O | Full Scale Ers bl |
& | Error
=
| Conversion Tcap AD speed /1, 24 208
,E: Time At 26 x Toyg (Teye= (Teye=
v
g 0.92us) Bus)
3 HS
a AD speedT 1/2. 47 204
< At SExTeye. 50 |[(Tovc= (Teve=
g +109% | 0.92us) ¢us)
wn
‘T | Ret - v
5 In(:metrence AV+ A+ AV DD v
8 - - AVt
§ | Voltage AV AV Vss
g Relerence heue AVH, AV AV+=Vpo 75 150 300 2A
Input Current
5 | range AV~ =Vss
5 | Analog Input | vam AD0OtAD? AV= AVHE
£ | voltage Range
Q .
o
Analog Port Port pins ADO to Including output 1
3 Input Current lan Qﬁgurlég}é:?t of ?e':'nft: leakage cur-
the Inputfoutput : uA
mulu-?um:tionaloD Vain=VoD
t t L
?;%e)p 18 8ot 10 Vain=Vss — 1

To be continued on the next page.

No. 3438-13/27



LCB5404 A

Continued from the preceding page.

Etlectrical Characteristics at Ta = -30°C to +B5 °C, Vss = OV
Applied Pins . Limits -
Parameter Conditions - Unit
Symbol and Remarks Voo (V) Min Typ Max
Dissipated Current | Ippoe{1) | VDD 4.19MHz x 1/1: 4.5106.0 3 6
in Normal-Operation High-speed opera- '
Mode {Note 4) tion mode (Teyg =
0.95 ws).
looer(?) | Voo 4,19MHz x 1/2: 4.0to6B.0 i 4
High-speed ocpera- A
tion mode {Teyg = m
1.9 us).
looortd) | Voo 4.19MHz x 1/32: 3.0 0.3 1
Low-speed opera-
tionmode (Tegye =
30.5 ws).
Dissipated Current | |npsT(1) | VDD 4.18MRz main clock 6.0 0.8 1.5
in Standby Opera- et
tion Mode {Note 4) oscillation (HALT mA
mode)
lopsti2) | Voo 3.0 200 500
Dissipated curcent | IppsT(3) | Voo Full standby mode 1.8 1
In Full standby {HOLD made) A
?Npg{gtu‘?)n mode
lpostid) | Voo Full standby mode 6.0 10
{HOLD mode)

{Note 4) The 'dissipated current' does not include the current flowing into the 1/O port transistors, pull-
up/pull-down resistors.
(Note 5) When the internal clock is used, although according to the specifications TCKL(2) and TCKH(2H=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 putl-up resistor. However, it is necessary to select
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).

Fig. 1 Main clock oscillation circuit

0sC

0SC2

0

_ Crystal or
S ceramic
l resonator

== €02

)

Osclllation stabillzing lperh)cl
L

[
tmxs or tmc

-}

FS

Fig. 2. Main clock osciliation

stabilizing period

Stabilized oscillation

Table 1. Guaranteed constants for
Main clock osclllation

&sg:eillatlon Suppller Osclilator CO1 | CO?
HC-43/U
4.194304 Mz Kinsek| CL=13.20F 15pF | 15pF
crystal 0S¢ ["Nippon | AT-51
Denpa |CL=16pF 22pF 1 22pF
Murata CSA4.00MG 33pF | 32pF
ie?;\?n}-i CST4.00MGW x%tulred ?e%tulrod *1
resonator 0sc| Kyocera KBR-4.0MS N:ﬁpF ,?o:ipF
KBR'A.OMES required|required * 1

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
| 0SC1 0sc2 |
External ciock input OPEN

tWOSCCH

!

loscF 1G5CR

Vi (5)

ViL (5)

Fig.3. Input waveform of input clock

(for main clock)
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20

ES

j;‘:CRES(=0.l,uF)

Fig. 4. Reset Circuit

Voo

1kQ

test point

S50pF

!

Serial output load

(Note)

If power stabilizing time is
zero, the reset time will be
10ms to 100ms with the CRes =
0.1uF,

If the power stabilizing period
Is rather fong, the Crgs value
should be set properly so that
the reset time period can be
longer than the maln clock
oscillation stabilizing period.

1CKCY
KL, }0““ 1CKH tCKF
\ 4 0.80 Voo (input)
Voo-1V (cutput)
SCK 0,20 Voo (input) \ po-1 p
0.5V (output} K N
| tick oK
R 0.80 Voo
]|
j 0.20 Yoo
KD
Voo-1v
S0
0.5v

Fig. 5 Serial clock timing
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PF3/INTO
Rlse edtge Synchronization pulse
AC input—-' : dercrioh génerat%ncrcmf }—uAcz tnterrupt
G L]

, Option

1

'

<AC zero cross detection>
1/ziv

AC lnput } Vaa

Va ¥ \ Vaw

Rising edge delection
and output I J | | | l

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

<AC zero cross timing»

Rislng edge detection
and output i

Synchrenization pulse
generatlon clrcuit

[
g

Synchronization delay =010 Teye

Fig. 8 AC zerc cross detection
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LC65404A Instruciton Set {by Function)

Convention
AL 1 ACoumulator PC ; Program Counter
ACt : ACcumulatoer bit t STACK : STACK register
CF : Carry Flag bAt , bHe,
CTL 1 ConTrol register bLa 1 Working repistar
MSTEN : MaSTerinterrupt ENable flag ZF : Zero Flag
DP - : Data Pointer {)[1 : Indicates the content.
E : E repgister -— + Transfer operation and its direction
bFn : Flag bit n - 1 Aodition
M 1 Memory - : Subtraction
M {DP) : Memory acoress specified by DP -~ : And
P {DP() : input/output port specified by DPL v 1 Or
GP (DP} : Pseudo port specified by DP » : Exclusive Cr
&
25 Operation Code el Affected
ég Moemonic 13 'i Operations Operating Deacription 5TS Remarky
28 D;0sD504 (D302 01 05{® | & flagle)
==
glcia Clear AC 1100loooo]i]|r|fac—0D Resets AC to O 2F *1
glcc Clear CF t110fooo ) |t]r|ce-o Resets CF to O, CF
E ST1C Set CF P11 o001 |CF et Seta CF to 1. CF
,- CMA Complemenl AL t1rofror ) |aC ~TETE Invarty all AC bits, IF
Z {INC fncrement AC DOQO |1 Y 1 O]}t |AC =AC)+1 Incremants AG by 1. 2F Cf
DEC Decrement AC OOQO |1 1 v 2|11 ]|AC—{ACH— Oecraments AC by 1, ZF CF
Aotate AC leh ACo*—{CF),ACA+1~—
RAL ,
through CF 000G |OODO ]t {ACA). CF —(AC3] Rotates AC left through CF. ZF CF
TAE Trangler AC 10 E 0000|003 |81 |E~tAC) Teansfors AC to E.
3| xae Exchange AC with E [0 O 0 O (1 1 0 1 1 {) [{AC)ZHE) Exchange tha contents of AC end E.
8 | 1MM Ingeement M o1 o1t v volt] IMDP)~(M(DP))+1 | Increments M(DP) by 1. IF CF
DEM Deceernenl M 001 of{1 1] [MIDPI-(MIDPN—1 | Decremants MIDP) by 1. IF CF
he MIDP) bl fi
22 sMB b1 | Se1t M data bt o000 |1 oBisr |1 MR BIBD—T $els the MIOP] bit specitiad by B180.
e s
55
Resats the M{DP) bit Ifled b
55 AMB v [Reser M data ba ]0 0 1 0 |10 8:Bo)1 |1 | MIDP.B1Bg)-0 Boeota the MIDF) bit weclfied by | /¢
Adds AC and M{DP) In blnary Bnd eetp
AD Add M 10 AC 0110|000 0|t |ac—{AC)+MIDP)) | s sum In Ac.( ! 4 IF CF
— Adds AC end M(DP) with CF In binar
aDC AddM 10 ACwanhCF|OC 1 OfOODOD][I] _A,_c(c,i’:‘c”[mopn snd sela ite sum‘ |n)ch. Rt L
Decimal adjus1 AC
DAA o addiiron T1r1o0lor 1oty |acHHAC+6 Adds 6 ta AC. 1F
Decimal adiust AC —
S DAS i Sublraction rr 1ot o 0|1 |AaC —lACI410 Adgda 10 to AC, IF
§ Topicaliy axclusive-Ors AC and M(DP)
E|EXL Exclusive or M 16 AC[1 1 1 1 |0 1 @ 1 | |E|Ac—(agi¥(M{DP)) and sats itn loglcal exclyslve yum In | ZF
3 AC.
© — Logically Ands AC and M{DP) Bnd sots
i AND And M 10 AC Tt oo | ]| ac—laciAalmipP)) 1o Iogical product In AC, F
E
o
o OM ro AC P ofo o || [ace-aciVIMDRY) | [0y Ors AC 0% MDP) andeets | ¢
s ; Compares AC with M{DP), and sats or
5 2] Compare AC withM [1 1 1 1 1 0 1 1 [ |1 | (M(DPIY+H{ACKH+ rosets CF and ZF poverding to the | ZF CF
= result,
g Comparlson rasult | CF ZF
(M{DP) >iact | ¢ 0
(M{DP)) =¢acC} 1 !
(M{DP)) <41 AC) t '}
€l da1a [Compare AC with OC 10 (1 100 [2]2131zk0p AL+ Icllmlvplnres »:C with lmmodi-éeFdart': IF CF
1 1 [} 3121110, and sets or resets al
immediale data e 0o slatle 2F according to tha result.
Comparison reault | CF iF
Iyl lg >TACHE © 0
Lylghy g =(ACH] 1 [
tylg by i< IACI] 1 0
CLI dala Compate DPL wilh 00 ) O}1T 1 00|22 HDPMIsIz] I Comparea DPL with Immediate data 2
immediale datd 0O Jlglatilg 13%21lo.
Load AC wlth — Load Immediate dats 1321110 Into AC,
Lhdata 4 edlate dats 1100 [iytghig|t |y [AC~1311010 ZF "t
S Store AC 10 M o090 |g o o1 |MDP)I—(AC) Stora AG to MDP),
gl Losd AC lrom M oo1olooo1]|1]ac—(MIDP) Losd M{DP) Into AC. IF
s Exchanges. Whather 67 nat 17w |
% [xm dars [ Excrange ac wianm 1 0 1 0 [o mpmimg|t |2 J1aci=imiorh Ercranoes The Contents of AT and o0 Herandh o
5 then modily DPw DPy—(DPy)V {DPH) and Immediate date OMzM Mo and | 2F
2 with immediale dala. 0 Mz M Mg 'II;‘:’" 7I|J!°p!|ﬂ°m“ DPH with the loglcal
o
5% Eachangs AC withM [1 0 1 0o 0 0 0 |1 |2 [{ag)=(MIDP]) Exchanges the contents of AC end WIRCTed Hononds oh
@ M(DP}. zF the DPH conlent aE
4 et e
a sculed,
B[ x Enchange AC withM |1 1 1 1 |1 1 1 0 |1 |2 |{aci=(MiDP)) Exchanges tha contents of AC wmnd Whather o not IF Is
8 ihen increment DPy oP_={DP)+1 M(DP) ang then Increments DPL by 1. | 2F ey lernakel
XD Exchange AC withM |1 1 1 1 |1 1 v 1 |1 |2 [{ac)=(MIDP)) Exchanges Lhe contents of AC snd Whather of ol EF ls
then decrement DFy DPL—{DP.)—1 M(DP) and then decrements OPy by 1. zF :‘r’-:"g;: ncramen,
— Replaces the PC low-order B bits with
ATBL Aead ubleng;:‘l; homlD 1 1 0 |O O 1 1 |1 |2 |ACE~RDOM E and AC, and then loads the contents
program {PCh.E.AT) | ol the ROM uddress specitiad by the
now PC contents knto AC and E.
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EE Oparatlen Code
E- gl 2 Affected
K Mnamonle |5 Operatlons Oparating Description 575 Remarks
QE D;DaDg 04 D20, 0,05 (S| 5 flagis)
LDZ dats]loasd DPuwith Zeioand|! O O O lial2t1 10 F1 |V {DPh—0 Loads rero ond immediate data l3lz11
g DPy with immedial e DPy =133 0110 10 Into DPH and DPL, respectively.
S dats respecuvel
E 1 ¥
§ LHi dats | Load DPy with O 1 00 pat21plp |1 |3 |DPr—1al2)slp Loads Immediate data i31201lg Into
s inmediste dals . DPH.
t -
- IND Inciamant DPL 111 T 1.1 0|V [1]OPL=(DP) ) Incraments TP content by 1. IF
g,_ DED Dacioment DPL tvrofr vt i ]or—tory—1 Decrements DPL content by 1. IF
= TAL Transler AC 10 DP, L I I I | 1|1 |OPL—LAQ) Transfers AC coatent to DP.
I'g- TLA Teanster DPL LD AC 11140 1|1 JAC—=(DP L} Tronalers DP contant to AC. IF
XAH Exchange ACwih DPw |07 O 1 D 1 | [iac = torw Exchanges Lhe contents of AC and
Elxar - [Exoanos ac wen I sk vegktn i o
£ XAQ working regisier bAl T1r10 1|1 |1AC) = (bA0) pister bank b (alresdy salected).
=l XAl 1110 111 | 1AC) S (bAT) Note that bits ty end tQ are used to
L XA2 1110 1 {1 |1ac) = (bA2) specify working reglsters bAJ, bal,
§| xa3 1110 v |1 | AC) = (bAY) bAZ and BAJ.
HER Exchanga OPu with TaecHI28 werking Tagviar I Tas
e xHO working regisier bHa |1 1 1 Y 1 |1 | 1oPH =Z{bHO) gli':“rmb:“:n (ln ra-ﬂ\:1 nelast;:gdi
- ote tha a5 use
2| XHI 111 1|1 J1oPw S {bHY) working reglsters bHO and bHI. ki
E[x1s  [echange opcwin EootHISa wer kg Taateter 1 (o:
2| xo working register bla 11011 11 [oP o S (bLe) g:ster hb't":ub (.alren% zelactef)
-— te t 0 Ity
:: X e V{1 JLoPLE =(bLl) wgr:Ingareglsta:n ;Lo"-nu bLl‘f‘
£ |sRBA Sat Registsr 111 1|1} ReF « 110 of sB Sot the bank valua plven by the S8
s nstruction in the reglstes Da
g Bank Address I"“t‘ 1] in th glstes bank
SFB liag| Set I1ag b 01 0 Y |B3BzBiBg|1 [1|bFa=1 Sety a specifled flag In reglster
bank b {already selectad}, Nota that
£ immediate dala 83828180 Is used to
£ speclfy the flags,
]
& | AFB flag| Reser Ilag bn 00 0 ) |BsB2B1Bo |V |V |bFA—D Resats & cified flag In ragister Flags sre
z ¢ e 'ee hank b falieady Kelecteds, Noter that |2 faridea Into
Immediate dala BIB2B1BO Is Lsed to OF 2 to OF0,
5 specify the Hags. OF4 to OF7,
% IF11, IFN2tS
3 3F 15  Whatnar
E ZF Itlmut g:
5 roie
g an Lhe I::onn-
tont of the
g 4-bit  group
2 to which &
] |:I|')I:Idongs
JMP addr | Jump 1 the cueny [01 1 0 |1 PwPyPa'j? |2 | PC =~ PCIl or Makes program Jump 1o the address W axsculed Immedi-
e PiPaP P {inverted PC11} | specitiad by PC11 for Invarted Ialraction. tha
1PaPsPs[PaPaP1Po and Immadiata data P 10PgPEPTP6P5PAP3 Cucront BROK v
PrPyPsPIPePs | PoPyPp. HE TR
P4PaPiP1Po v
-— Replaces lowar- order 8 bits of PC
JPEA Jump i the currantjl 1 1 1 ‘. O 1 0 [V |v]|PCruwo {E. AC} wf&‘é"’ma :c and then jumps to tha
page modifiad by E address speciiled by the new PC
£ and AC contant.
.ﬁ CZP addr | Call subroutane i the |1 O 1 1 [PaPaPiPo |1 |1 | STAOK=(PO)+1 Calla 8 subroutine in page 0 of bank
3 a0 page PCiiras, PC1rod=—0 0.
£ POsic2+P1P Py Po
‘% CAL ador | Call subtoutsne wn the |1 O 1 O |1 PoPePa |2 |2 | STACK= (PO)+2 Calls 8 subroutlne tn bank O,
roro bank PrPaPsPa P3PPI P PClLwoa + 00 PiaPsPaPy
i PAPsPyFIP2PIPy
Elar Return trom subreutne |01 1 0 [0 0 1 0 |1 |1 |PC—ysTACK) B 10 moln routing fram & sub-
L Roturn from intetupt |9 0 1 0 J0 O v O |V |V | PC~—ISTACK) Returna to main routine from an in- IF CF
2 rouling CF ZF ~CSF.ZI5F tarrupt servicing routlne.
BANK Change bank 1t vyt o) pon—TPon) Specities now ROM banks of pseudo
oP{DR) ports.
SB Set bank Q11001 it 1| RBF—Nhlo Epeﬁﬂies worklng reglster and flag
anks.
BAI adur | Branch on AC bt [0 1 1 1|0 0 110]2 [2{PCreo ~ ©2 PaPsPu | MEEACRRD N 00 o el 05, ramoni, 24l
PrPsPs P |POP2P) PO PapP:PiPo BaJ iog on Lh
‘ o aci=d g e gt
' the ‘I"%m Ir.llalo d.atl L0 uged Lo
W 1y
Mak h If1
BNAL aadi| Bianch on no AC bt |O 0 1 1 [0 01110 (22 [PCruge—PiPePsPa |.u“ Dgooraﬁ"ggggcmlo B oo 10 é.ﬁ'.'ng':".'?;"..?'s‘a'ﬁ;o"l'é
PrPaPsPa|PIP2PIPo P3P2P1Po immediato data P76 PPPs%qﬁsPQEHP s e e atry ol e
W ACE= Il d to specl tv RY mediale date Litg
tfl:lmmifh dafa tytp used to specify
BM1 add! | Branch on M pit 011 1[0 1ti1g|2[2]PCren=PrPsPyPa |Meke D{ﬂ“';,’“,}:,?r“ to 8 secliiad Tie mnomonic sl
led M{DP) bit |
E PTPePsP[PaPIPI PO Pa P’;:.':" f?'ﬁlra"j"%'? dn%‘r 7} :F'rstaPzHPo ;:::.T{r"‘."..'.’.‘.‘.‘.‘?&'.‘u".’
] i [MIDP. L1 to)= lnothru Jmm. glrtu Yiata t|go uaed-to
E osired bit.
= | 8NM1 addd| Bianch on no M bit [0 QG 1 1 ]0 1 t41g |2 |2 |PCruo—PrPsPsPd’ %‘Jru pmqllm branch ta rrm“i_ﬂ? e mnemonic il
g P)PsPsPa| Py P2 Py PO PIP2PIPo T BRGE" acpansing o0
g h.t lrnmn Iutodn“ P7Pgl’5p4l52 P1Po line ¥atue of 1m-
H i (MDP.t L ) =0 -,_m:ad Lo soe ft fy » i masgw [neaiate dais N10.
specily the oesir
BP1 ados | Branch on Porl bil QU 1LV} @tytg |2 ]2 ]PCra=FIPsPsPy ﬂ:.dh' p[“{.m hrmEh mf ?d"'f: mnmnrmmluwrl'g
P1Ps Ps PalPaP2PI PO PyPPLPo asbE® i ;{'L‘""ri ‘e iﬁaz 23 Gsparding on thg
#PIDP =1 Immod nlod in P 4PaP 2Py eaive of
L ito puad 19 tpoc ‘ i Baanbil P1 cata ¢
olOP(DP.t 1N =1 | [Eediecats hipdelsle
B8NP addr| Beanch on no Port bt O O Lt | ) Ouaip |2 |2 PO7100— P1PIPsPy -u‘a?;lnp-m rﬁ'?n?'"ﬁ'n?ﬂ} g g;‘:“j:';g;";"'gﬁ,g'l';
P2 Pa Ps Pa| P1 P2 Pr Po ) PaPaPiPo | ESEc0 r'bfml- sat{o0 Thote ot BB decmnding o4
HP(DPL t110))= D mmediate daps PR eFoPabarzbo It meHate oMa THD
{mmedipts:
o (GP{DP, 1110 )) =0 | Immedinte dal ds(- tito wead to specily
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_E_“ Oparation Code Alfected
g Mnamonic g & Operation Operating DescrIption 575 Aemarks
-‘!?g 0106050 D100, Do 5| & tiagis)
8C addr  |Branch on CF 001V |1 11 0]2]|2|PCroo—P;PgPsPy ad-dr%assprlogram branchrt0|apogF|'lod
te that | i data PPy
P1PsP3Py|PyP2P Py . CFZ3‘sz'P° E,P.,P}p'zpugo l;rllTn:dal':sp:c?fy T®
BNC addr | Branch on no CF 001 1|11 11 |2]2|PCrep=PyPgPsPy [ Makes program branch to s spegified
immed|
P7PsPsP4|PyP2P1 Py # CFSJOPZP'PU PJPs]’quPaszPhgo Inﬂl‘.lnl;ed t%‘.ipecip
5 BZ addr | Branch on ZF 011V 1]1 1V 1 0[2(2]|PCheo=PyPgPsPy Makes program bﬁ;?“"gh ttaoﬂ»glfl
N 1 dl gt P
% P;PgPsPa| PyP2P Py . ZF::IP'.'PIF'G ,‘,‘stpsﬁ‘fp;pzpﬁ:o"l‘Fﬁu%'m sp8c |1’
§{BNZadar [ Branch onno 2F 00 1 1|V 11 0]|2(2]|PCo—P;PgPsPy [ Makes program branch to u gpegified
g PiPePsPa|PaP:P1Pp " ZF:JOPZPII Py P?ashsl’waszh% I'nmuT-.dmt.otgp-%IP
BFnaddr | Branch on flag bl 1 1.0 1 fnanangng/2)]2|PCren—PyPsPsPy ;?ukr:hplrﬁg{i:‘ brancghf'lo wgprc Trl;ugnmg:q\r%nr:‘c
PyPgPsPy[P3P2P Pg PaP PPy °fd :ouo 1“,; .nhth"(,"uﬁ? 80 15 BFIB
It LFn=1 se octed) In_bat. Noto that immediats lccordinn to
ant 20 nIc0. v o seeel s fro vlues of
dl PYPGPSP,
Byl A 1
. ooram hea
- - Th i
BNZ adds | Branch on no g bit [ 3 0 0 1[aynzning 2| 21 PCrea=P1PgPsP, ?fE’é fon e soma phoa f & ,!g nanges from.
PyPgPsPy PaP2P1 Po P3P PPy 01781 1 Oraolater oank. b {airandy BNFSto ONE 5
It bFnmD #ﬁ?""'ﬂ:."“‘ﬂ"". t im aocording tq
|poc£; Jat &?3",{;““ brdnna thu vatues of
Bg?’:zr?{pu".‘,".l.a o %petly ohd Balad
4 Input  port Al — or ts data to AC | h Z2F
p p w AC QOO0 O0O|Y 1 OOJ1F1]AC E(F;é[(]g;ﬂ P( Lll’L!) do gugdo portr%rg QB)W"
Ef{op Oulput AC 10 port 01 v 0000 1TE1[1}[PIDPL) o «=(AC) Outputs data to the port P{DPL) or
'§ GP(DP) pseudo port GP(DP) from AC,
E SPB bit | Set 1 bi 0000|011 ByBp 1|2|PIDPLEIBE) —1 ‘gfts 3 soeclllud blt ?,f th font it ted
- i et porl il 1 By LB - execyte
§ o OP(DP, B1Bo) thal. metﬁs:ta data B?BU Iu Esadom %"1‘ c?\"qwni
] spagify the deslred port bl ragl :krro:-‘:“
2
2
15 :
=] APB bil | Resat T bu ] 8,8g |1 P(OP, — Resats o ifiad blt it rt | 2F i ted
N B B B N P o b A sy e
spacify the desired p-ok g reglstar W)
8 destroyed.
SCTL bit | Ser control reqister 9010|011 00|2{2]CTL B3B28180 —1 te @ 1 t of the control * 2
Bt 100 0|B)8,;8 8y or 'F“'?“'l?'e""?":t"?|'"‘e';“"t °":§f:
MSTEN+—1 de lrzoqu is uted Lo nnecll‘y the
] - - 161
g RCTL bit Re;nl conicol roqister (0 0 ) 0|1 1 0 0f2f2]|CTL, BaBaB(Bo =0 Fglfl“ (fﬁﬁuaﬂﬂu"uﬁ:ﬁ%’,ﬂ c:n{'at'ﬂ ZF * 2
§ i 100 1|B)B;B,8y of or tho l:\;ster Int errf lomc?:’tlg
= MSTEN— 0 ﬂzmﬂ? is used tn spacify the
2
& HALT Halt P U 1301 1 00| 1] Hal Hoid Ptaces ths chip in the atandby mode.
NDP No  aperation 0000J0 00 O|1|1|No operation ThelCPUruns Idie for gne machina
cycle.
*1: If two or more LI or CLA Instructions are executed continuously, only the first Instruction will be

executed normally, However, the instructions following the first will be handled as the NOP instruc-

tions.
b 1]

B382B1B0 = 0C00B to 10008
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[ On the LC65404A user mask option code specification |

Overview

The user mask option data for the L C685404A should be stored to an EPROM as well as program code and then
sent to Sanyo.

With the Sanyo cross assembler for the LCB5404A, 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 ease.

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

ooooH ~

Program code area (4Kbytes)

VAW

RONONNNNNNNVNNNVNNY

ALY

\\
TFFFH \\ NN shouia be filed with "oor.

i S Gy . |
CcooocoDoLooooooooooo M
== Lo Y Lo Y et s o s N o e Jom J o oo oo iy 3

o MMOODIPOEImOIsWRN DT
IIITIIIIIIIIITIIIIIT

3
1
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Contents of User option codes

27 20
toooH [ | [ | fof1] [ ]

|
T T C

« Main clock osciilation option

00 Two-pin CF oscillation

—— 01 Two-pin X'al oscillation
—— 10 No assigned (unselectable)
— t1  Externa! clock

» Sub clock oscillation option

00 Two-pin X'tal oscillation (unselectable)
—— 01  Unused
—10

' } Not assigned{unselectabte)

» Port C output level at the initial reset

L' level output
‘W' level output

—

- Port D output level at the initial reset

L' level output
'H' leve! output

1

- Watchdog timer reset function

0 Not selected

» AC zero

T Selected
cross input function

27 .

1001H [o]ofofo]o]oe]o]o]
k¥ T el

These bits should always be set to 'O\

27 20
1002+ [ PA3 [ PAz | PA1 | PAQ |
A 4

- Port A

I 0 INTO input mode
1 AC zero cross input mode

output type
00 Nch open drain output

27 20
1003H [ P83 | PB2 [ PB1 | PBO |
! -

- Port B

01  Pull-up MOS outpult

}? No assigned (unselectable)

output type
oo 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
1004H [ PC3 | PC2 | PCI | PCO

!

l - Port

C output type

27 20
1005H [ PO3 | PD2 [ PD1 [ PDO |
5 }

00 Pch open drain output

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

« Port D output type

Pch open drain output

27 20
1006H [ofolo]ofo]olo]o]

These hits should always be set to 'O\

Y 90
1007H | PR3 | PF2 | PF1 | PFO|

]

00
01
10
1

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

» Port F output type

00 Nch open drain output

1008H &7 20
to plolofojofo|olo
o [oTele]ole]o]a]o]

These bits should always be set to '0\.

L 20
100cH | Pk3 | Pkz | ki [ PKo |

l ,

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
input option.

» Port K output type
oo Pch open drain output

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

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

27 .20
1000H [ PLa | P2 | PLt | PLO |
h | ’ « Port L output type
go Pch open drain output
01 Not assigned (unselectable)
10 Pull-down resistor output
11 Not assigned {unselectable)

27 20
100eH [ Pm3 [ PM2 | PM1 | PMo |

1 s

| - Port M output type

00  Pch open drain output
0t Not assigned (unselectable)
10 Pull-down resistor output
'l Not assigned {unselectable)

27 20
100FH [ PN3. | PNz [ PNt [ PN |
' I d . Port N output type
00 Pch open drain output
01 Not assigned {unselectable)
10 Pull-down resistor output
11 Not assigned (unselectable)

27 20
10104 [ P3| Po2 | PO1 | POO ]
= ‘ ! « Port O output type
0o Pch open drain output
01 Mot assigned (unselectable)
10 Pull-down resistor cutput
11 Not assigned (unselectable)
27 20
10131 (o]aolofofo] Pro|
L —_— i

T | = Port P output type o
These bits should g0 Pch open drain output

always be set to 'O\ 01 Not assigned (unselectable)
10 Pull-down resistor output
11  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

Functicns

Conslderation

System clock
mode

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

@ Main clock 1/1 mode (Toygs 0.95 us)

@ Main clock 1/2 mode {TCyc = 1.90 us)

@ Main clock 1/32 mode (TCye = 30.6 ps)

{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 PBI/START pin is set to 'H' with the WG1 = 1,

< | switching the clock mode flag (CMF: 2 bits) of the system clock control tc be changed, the user should confirm
-E register as shown below: that the maln clock osclllation 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 1/32 mode (at the reset) Input mode.
g 1 |Main _clock 1/1_mode + The current system clock mode wilt be
o 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
& LCB5404A to enter a standby mode after
the system clock switching, the above
switching time period should be kept in
mind, That Is, the user should execute
the HALT instructlon after the switching
- time elapses.
Main clock The main clock oscillation should be started by setting the MCSTP + Be sure not Lo 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 will operate abnormaily.
HALT moda «Starts = If the HALT mode needs to be released
start/release The HALT mode will be started |f the HALT instruction Is executed based on the PB3/START pin level {("H') or
with the SLPF flag of the standby control register set to 'O\ 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. tlon of the HALT Instruction.
<Release»
(1) Reset
(2) The PB3/START pin is set to 'H" with the WG2 = 1.
s (3) The Interrupt release signal becomes active with the WG3 = 1,
= {4) Time base overflow
5
Ww
2| HOLD mode <Start» » Execute one NOP Instruction before
2| start/release The HOLD mode will be started if the HALT instruction Is executed issulng the HALT instruction to place the
g with the SLPF = 1. microcomputer In the HOLD mode.

= |f the HOLD mode needs to be reteased

based on the PB3/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 exgcution of the HALT
instruction,

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

walchdog function
has been selected)

Itam Functions Consideration
Watchdog reset The watchdog reset functlen uses the time base timer to allow = The routlne must be included In the user
(only in case when program wpset and watchdog reset. application program In order to reset the
the optional TBF flag within 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

wlth the TBF flag reset timing,

The actlve 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 activation, the HALT mode will be
released due 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 (2} set the time base
Intercupt enable flag (TBEN) end the HALT
release enable flag (WG3: release 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-tp-one basis. To enable a certaln interrupt request, its
corresponding Interrupt enable flag must be set. (For this
purpose, the SCTLO to SCTLT 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, issue the RCTL instruction to that
flag,

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

laterrupt
request
flag

Interrupt function

Five Interrupt request flags are provided to the flve Interrupt
sources on an cne-to-one basls. These flags are assigned to a
pseudo port. To reset the flag blts, data is lcaded 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 blt to
be reset should be set to ' 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, all 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 s performed, be
sure to reset the flag that corresponds
1o the Interrupt source. Note that Hf the
Interrupt request flag needs to be reset,
It should be conflrmed 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 Interrupt request
register, .
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| Considerations on Program Evaluation |

- The application programs for the LC65404A should be evaluated on the evaluation chip (LCB5989 or
LCE5PG20X/40X) with the following considerations in mind.

Item

Item

Function

Production chip

EVA chip

Consideration

Function Settings

RAM capacity

RAM capacity of

The desired RAM capacity can

Set fhe RC and RC2 pins properly in

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

be set by the STC pin.

with the production chip setting.

Qutput type of
ports C and D

Pch high-voltage withstand
input/output

The circuit type of parts 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 pin properly in ac-
cordance with the production chip
circuit type.

Optional functions

Oscillation
circuit

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

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 jumper 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
0SC1, 0s5C2,

Output level
of ports C and
D at the reset

4-bhit 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
"' 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
clrcuit 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 properiy in
accordance with the production chip
option setting.

Port cutput

The output type of each port

No pull-up resistor output

[EVA chip board] Cannect the 10kohm of

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

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

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

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

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
18]

The cutput 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.
[Simulation 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

precading page.

£R Function . .
&8 Item Consideration
- Production Chip EVA Chlp
Main clock [Crystal oscillation] and|[Crystal oscillation] and | [Crystal oscillation] and [Ceramic
oscillation [Ceramic oscillation] If the | [Ceramicoscillation] The EVA | oscillation] External constants should
5 | constant guaranteed constant listed In | chip differs from the pro- | be fine-adjusted according to the
'ﬁ this catalog is used, the|duction chip in oscillation | evaluation environment.
= standard oscillatlon fre- | circuit design and character-
8 quency is produced. istics. In addition, the
© oscillation may be unstable
due to wire capacitance.
Oscillation The oscillation frequency | The EVA chip differs from the { The detailed evaluation should be per-
frequencies of | characteristics are shown in [ production chip in circuit | 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 cannat 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
& | rent shown In the manual, Be sure to check
5 the standby function in that way. The
= characteristics should be evaluated in
§ detall on the EC and CS.
o
5 Cperating 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
2 | voltage this catalog. range for the EPROM and other | VDD=5V #5%. The operating voltage
S LSls. range of the EPROM and other
ﬂ LSIs 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 canbe | 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.
-E allow program to jump to the | JMP instructions allow pro-
§ entire ROM area, Note that |gram to jump to the entire
w the 5B + JMP instructions | ROM area.
cannot be used.

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

M Anyone purchasing any products described or contained herein for an above-mentioned use shall
@ Accept full responsibiiity 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 all claims and ltigation and al damages, cost and expenses associated with such use:
@ Not impose any responsibility for any fault or negligence which may be cited in any such c¢laim or
litigation on SANYQ ELECTRIC CO, LTD, its affiliates, subsidiaries 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. SANYQ 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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