Communication ICs

controllers

Microcontroller for simple-key remote

BU2463/BU2464/BU2465/BU2466

The BU2463 series are four-bit, single-chip microcomputers on which all of the functions required for a remote con-
trol transmitter can be configured on a single chip, which can be used as a microcontroller for a remote control

encoder.

These are ideal for keeping system sizes compact, keeping prices low, and buitding sophisticated functions.

@Applications
Remote control encoders

Specifications
Series BU2463 / BU2464 / BU2465 BU2466

Program memory (ROM) (bytes) 640 640
Data memory (RAM} (bits) 16X4 16X4
Subroutine nesting levels 2 2
tnstruction sets 40 40
Large-current output port 1 1
Input ports 4 4
Output ports 8 6
Instruction cycle ( us) 13.2 (fosc=455kHz) 13.2 (fosc=455kHz)
Power supply voltage (V) typ. 3 3

@Features

1) Program memory (ROM) of 640 bytes

2) Data memory (RAM) of 16X4 bits

3) 2levels of subroutine nesting

4) 4-bit input ports (for key scanning)

5) 8-bitindividual output ports (for key scanning)

10) HALT cancel function using key input (mask op-
tion)

11) Internal carrier generator circuit for infrared re-
mote control signals

12) Four carrier signal modes selectable (mask op-

6) Large-current output port (for remote control sig- tion)

nals)
7) Clock frequency : 300kHz ~ 1MHz

13) Internal capacitor can be added for ceramic os-
cillation circuit (mask ogfigiy. Datasheet4U.com

8) Instruction cycle of 13.2 us (when fosc = 455kHz) 14) Internal watchdog timer

9) HALT function (through internal instructions)

15) Internal Power On Reset function

For simple-key remote controliers

Application-specific micracontrollers
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@Absolute maximum ratings (Ta=25C)

Parameter Symbol Limits Unit
Power supply voltage Voo —0.3~6.0 v
550*1 (BU2463)
Power dissipation Pa 600*2 (BU2464 / BU2465) mwW
550*2 (BU2466)
Storage temperature Tstg —55~-+125 T
Input voltage VIN —0.3~Voo+0.3 \%
Output voltage Vour —0.3~Voo+0.3 \Y
* 1 Reduced by 5.5mW for each increase in Ta of 1°C over 25°C.
* 2 Reduced by BmW for each increase in Taof 1°C aver 25C.
%3 Reduced by 5mW for each increase in Taof 1'C over 257C.
@®Recommended operating conditions
Parameter Symbol Limits Unit
Power supply voltage Voo 2.0~4.0 \
Operating temperature range Topr —25~+475 [
@Block diagram
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ywvew . DataSheetdU.com
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#1 The 5S4 and S5 port does not extend to the exterior on the BU2466.
2 The BU2466 does not have a Power On Reset function.
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@Pin assignments

s 3 8 5 s 3 8 5
> 0 0o & & 8 8 3 8 s 8 8 3 5 8 8 3 8
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BU2453 D BU2465
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OO WG TG E2:5c535 55
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BU2465 pin layout
BU2463 pin layout
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N HEHEEOIEE M ECEHE IR
|’§ 8 ¢ ¢ ¢ 2 8 & B ]'5 S ¢ ¢ ¢ ¢ 8 &
2 5 = ©
BU2464 pin layout BU2466 pin layout
@Pin descriptions
Pin name 110 Function
Vop - Used to connect 2.0 V ~ 4.0 V power supply.
GND - Reference voltage for all inputs and outputs (0 V).
Manual reset input. Setting this pin to LOW initializes the S output
INIT Input ports and OUT output ports to LOW and sets the ROM address to
0 page, O address.
4-bit input ports. Internal pull-up resistance. A mask option can be
KO~K3 used to select whether or not the HALT cancel function is to be
Input effective for each individual bit (when the HALT function is effective,
the HALT status is cancelled by setting this to LOW).
- Each of these can be set and reset independently (or all at once).
S0~87 Output The output format is Nch open drain. *
ouT Output Remote control signal output port which can be used to drive large
utpu currents. The output format is CMOS output. The output HIGH
current side can be used to drive Iarge currents.
OSCA1 A ceramic resonator is con
0OSC1 Input There is internal feedback resistanc st DalaShEEMU c“m
0S8C2 Output OSC2 A ceramic resonator is connected between this pin and OSC1.

Note: There is no S4 or S5 port on the BU2466.
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@Input/output circuits

Pin Name 1{e] 1O Circuit Notes

Hysteresis input

INIT Input Di L{:é Internal pull-up resistance

About. 400 kQ

Internal MOS Tr for pull-up
KO~K3 Input About. 120 kQ

Open drain output
LOW on reset
So~87 Output — No S4 or S5 in the BU2466

CMOS output

LOW on reset
ouT Output
Output HIGH current side

can drive large currents

— Internal MOS Tr for feedback
oscsTe Rf: about. 1 MQ
0OsC1 Input H
P asat o j’l%’? Internal damping resistance
R Rd: about. 6 kQ

T (optional)
Internal capacitors can be
oscC2 Output o o provided for oscillation
I i C1: about. 100 pF

C2: about. 100 pF

* Circled items are mask options. www.DataSheetdU.com
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@Electrical characteristics (Unless otherwise noted, Ta=25TC, Voo=3V)

Parameter Symbol Min. Typ. Max. Unit Conditions
INIT input current (HIGH) B - - 1 #A | Vi=Vop
INIT input current (LOW) lirr -3 —75 | —16 4A | Vi=GND
K input current (HIGH) Ik - - 1 HA Vi=Vop
K input current (LOW) Ik -9 —25 —50 KA Vi=GND
K input voltage (HIGH) ViHK 2.1 - 3 \ -
K input voltage (LOW) Vik 0 - 0.9 \% -
INIT input voltage (HIGH) Vi 2.25 - 3 v -
INIT input voltage (LOW) Viui 0 - 0.75 v -
S output voltage (LOW) Vois — 0.15 0.4 Vv lo,=1mA
OUT output voltage (LOW) Voior - 0.15 0.4 \' lot=100 A
OUT output voltage (HIGH) VoHor 2.1 25 - \ low=—8mA
0OSC2 output voltage (LOW) VoLos — 04 0.9 \ lo.=70 u A
OSC2 output voltage (HIGH) VoHos 241 2.5 - \ lon=—70 A
S output leakage current s - - 1 HA Vo = Voo, output OFF
OSC1 feedback current losct 1 3 7 HA y/\:):i:!S/Sn?, TnG,_:\/l\IIJ_T mode
Static current consumption lopsT - - 1 MA In HALT mode
Operating current consumption 1 Iooor1 - 0.3 1.0 mA fosc=455kHz
Operating current consumption 2 Ipporz — 0.25 — mA External clock of 1 MHz
Operating frequency fosc 300 — 1000 kHz —
Oscillation capacitance 1 Ci - 100 — pF When using internal capacitor
Oscillation capacitance 2 c2 - 100 - pF When using internal capacitor
Calculation speed - 30 - us fosc=tihe.DataSheetdlU.com

For simple-key remote controilers

Application-specific microcontrollers
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@®Measurement circuits

Fig.1 @ Input current {HIGH) measurement circuit ® VTDD
@ Input current (LOW) measurement circuit INIT
p (Low) L A
@ GND

3_.—0
3__

(When measuring, Pch transistor should be on.)

T
Fig.2 @ S output voltage (LOW) measurement circuit Voo
@ 0SC2 output voltage (LOW) measurement @ so~s7
circuit % e
@ OUT output voltage (LOW) measurement @ 1mA GND
circuit % ToRh
(When measuring, Nch transistor should g
be on.}
amA T
Fig.3 (@ OUT output voltage (HIGH) measurement % 7an/JA Voo
circuit ® out
@ 0SC2 output voltage (HIGH)measurement @ osc2
circuit GND

Fig. 4 S output leakage current measurement circuit
(When measuring, Nch transistor should be on.)

Voo

b

S0~S7

GND

T
Fig. 5 OSC1 feedback current measurement circuit Voo

OSCi osca2
GND

!

+

Fig. 6 Static current consumption measuremerit Circuit Voo
(Measurement in HALT mode, using HALT [ |ose
instruction to enter mode.) g 052
455kHz GND
Ceramic oscillator %
Fig.7 Operating current consumption Voo
measurement circuit 0SC1 —
O
T—osc2
GND

455kHz
Ceramic oscillator q\)
v . DataSheetdU.com

(Note) The BU2466 does not have S4 and S5 pins.
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@Application example

0sCi1

Voo

A

ouT
INIT
(INIT pin should be open
_ when using internal Power
—— On Reset.)
GND

osc2

TSR

Fig. 8

N

Example: When using 32-key (8X4)
This circuit is an example that substantiates the function of the IC and not to guarantees

the characteristics.
External constant and circuit must be considered carefully.

As the oscillation circuit constant must be determined by the make of the oscillator to be used.

Note:There are no S4 or S5 pins in the BU2466.

@®Mask options
With the BU2463, BU2464, BU2465, and BU2466, the
following options can be selected :

1)
2)

Carrier signal mode (A, B, C, D)

The watchdog timer can be reset (or not reset) us-
ing the OUT output signal.

The following input pins are equipped with a HALT
cancel function : KO, K1, K2, K3.

An internal capacitor can be provided (or not) for a
ceramic oscillation circuit.

Output states in HALT mode

S6 : LOW state (values prior to HALT state are re-
tained)

§7 : LOW state (values prior to HALT state are re-
tained)

@HALT function
The HALT state can be initiated by executing the HALT
instruction. In the HALT state, the following apply :

1)
2)

3)

Oscillation stops, enabling an extremely low cur-
rent consumption.

The watchdog timer (WDT) is reset, and the S and
OUT outputs go to LOW state.

All values other than the WDT, S output and OUT
output retain the values in effect prior to the HALT
state.

#However, the state of the §6 output and S7 output in
the HALT mode can be selected using the mask op-

tions.

wyrw.DataSheetdU.com

(® : Sets LOW state.
! The values in effect prior to the HALT state are
maintained.

For simple-key remote controllers

Application-specific microcontrollers



Communication ICs

BU2463/BU2464/BU2465/BU2466

The HALT cancel function can be specified indepen-

dently for each bit of the K inputs, using the mask op-

tions.

If even one of the Kinputs has been set to LOW, the

HALT state is cancelled.

If the HALT state is cancelled, the following occur :

1) The S output and OUT output values return to the
values in effect prior to the HALT state.

2) In order to prevent operation before oscillation has

@Configuration

(1) Block diagram

1) Program memory (ROM)

An internal ROM of 640 words (64 wordsX10 pagesx8
bits) for application software programs can be pro-
vided.

The scope of the program memory consists of the pro-
gram counter PC (Ao ~ As) and the page address reg-
ister PA (As ~ As), which are used to specify the ad-
dress of the program register containing the next
instruction (8 bits) to be executed.

stabilized, a wait timer is activated, and normal op-
eration is then initiated after 1024 X6 effective clock
pulses.

3) Atthe point where normal operation is resumed,
the WDT begins to count again from 0.
For K inputs equipped with the HALT cancel func-
tion, if a LOW state has been input, the HALT
instruction has the same effect as the NOP instruc-
tion.

The program memory is configured with one page
consisting of 64 words, so that a maximum of 64
instructions can be stored on one page.

With evaluation chips, the ROM is attached externally,
which makes it possible to carry out debugging and
simulations of the pertinent system program. The pro-
gram memory configuration is shown in Figure 9.

Program configuration

01234567
8!

## (Note)
Page #0 Page #1 Page #2 Page #9 Page #10
0 ~ T : \1\
10
Ao~As As~Ag
\ /"
Program counter Page address register Page buffer
(PC) (PA) (PB}
: (Level 1)
[~ Stack register —
SR i (PSR (Level2)

Fig. 9 Program memory configuration

www.DataSheetdlU.com

% (Note) Page #10 cannot be used as a program memory, but it can be used as a delay timer
function during programming.
(See —2-1-14 Delay timer function)
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2) ROM address registers

The following registers are available to specify ROM
addresses.

@Page address register (PA)

This contains the page numbers for the specified ad-
dress in the ROM. The contents of the PA (4 bits) are
decoded by a page decoder as one of 11 address
lines.

@Page buffer register (PB)

New addresses are loaded into the PB, and are then
shifted to the PA when the correct branch (BR) and
subroutine call {CAL) are executed. The LPC instruc-
tion is used to load the PB.

@Program counter (PC)

This is used for word addresses on ROM pages. One
instruction is selected by the page decoder from
among the contents of the PC (6 bits).

@Stack register (SR)

This stores return word addresses in the Call Subrou-
tine mode.

(1) Page address register and page buffer register
Therange of 0 ~ 10 pages in the ROM is defined by
latching the four bits specifying the ROM page ad-
dress.

The page address register differs from the program
counter in that normally it does not change. As long as
the Page Change instruction is not executed, the pro-
gram continues to remain on the same page.

To change the page address requires a two-step op-
eration : (D write the page to which the program
execution is to jump in the page buffer (execute the
LPC instruction), and @ execute the BR or CAL
instruction.

This is necessary because the instruction code con-
sists of 8 bits, and the page and word cannot be speci-
fied at the same time.

If the return instruction (RTN) from a subroutinein a
subroutine called from another page is executed, the
page address is changed at the same time.

(2) Program counter

The program counter is a 6-bit binary counter which is
incremented each time an instruction is fetched, and
specifies the address on the current page of the ROM
containing the instruction which has to be executed
next.

To facilitate programming, the program counter is re-
set to a location of zero each time the power supply is
turned on, and the page address is set to 0. Next, the
program counter specifies the next ROM address, us-

ing a random sequence. When the BR, CAL, and RTN
instructions are decoded (in other words, when the
MSB of the eight bits, which is o = 1, is detected), the
switches are turned off between the various stages,
and the address is not updated. Instead, for the BR
and CAL instructions, the address data is read from
the instruction operand (lz ~ I7), and for the RTN
instruction, the address is read from the stack register
(Level 1).

(3) Stack register

The stack register, which retains the return address
when a subroutine is executed, is equipped with three
levels for both the program counter (6 bits) and the
page address register (4 bits). This enables subroutine
nesting at two levels.

3) Data memory (RAM)

An internal RAM enables up to 16 words x4 bits to be
stored.

The scope of the entire data memory is specified indi-
rectly by the data pointer Y, with the word being speci-
fied by the four bits of the Y register.

Output port

15

Directly commanded

address ‘:‘f>
LYC command

4 | Ao~As

Y register

1T
Fig. 10 Data memory configuration

4) Y register (Y)

The Y register consists of four bits. It acts as a data
pointer or a general-purpose register.

The Y register specifies thgagdrags Shertn saiie
page in the data memory, and ai the same time is used
to specify the output port. It can also be handled as a
aeneral-purpose reaister in the program.

For simple-key remote controllers

Application-specific microcontrollers
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5) Accumulator (Acc)

This is a 4-bit register used when carrying out calcula-
tions. Data and data resulting from calculations are
stored in this register.

6) Arithmetic logic unit (ALU)

The arithmetic logic unit is configured of the addition
and comparison units, which are connected in a 4-bit
series, and a status logic (flag).

(1) Calculation circuit (ALU)

The basic function of the addition/comparison unit is
to carry out all addition and comparison operations.
Subtraction is handled by reversing the Acc output
[Acc + 1] and creating a complement.

(2) Status logic

The status logic creates the ST, which is the flag that
controls the program flow. If the calculation overflow
and the two inputs are not equivalent, this flag is is-
sued when the specified instruction is executed.

7)  Instruction decoder

Of the 40 types of instructions provided in the BU2463
series, 29 types are converted by the instruction de-
coding PLA into 16 types of micro-instructions, and
when an instruction is executed, the instruction decod-
er handles operations such as connecting the data
buses. Eight of the remaining 11 types of instructions,
excluding the BR, CAL, and RTN instructions, are de-
coded by a decoder configured of only an AND matrix.
This method works because the execution of these
types of instructions does not require a large number

T|T2|T3| Ta| T5| TE

of micro-instructions, and they operate in fairly isolated
locations where they are not involved with other
instructions. If the instruction is the BR, CAL, or RTN
instruction, the following instruction is invalid. There-
fore, these three instructions are not decoded using a
decoder, but are decoded and executed directly by
the hardware logic as the instruction code is read from
the ROM. This avoids subsequent instructions being
invalidated, so that the jump in program execution can
be made to the pertinent address.
8) Input/output circuits
The Ko ~ Ka ports are 4-bit input ports, and are pulled
up by an MOS Tr resistance.
The So ~ S7 ports are output ports which can be set
and reset independently. The output configuration is
an Nch open drain circuit.
The OUT port can be used to drive large currents, and
is a CMOS circuit (large current on the HIGH side).
9) State counter (SC)
Figure 11 shows the basic machine cycle timing. All
instructions consist of one byte, with the same execu-
tion time.
Execution of one instruction consists of six clock
pulses for the reading (Fetch) cycle and six clock
pulses for the execution (Execute) cycle, for a totat of
12 pulses, but in actuality, the two cycles overlap and
are executed at the same time, so that it appears that
the cycle execution (one machine cycle) is being com-
pleted in six clock pulses.

T|T2|Ta| 4| T5| 6

FETCHCYCLEN

EXECUTE CYCLEN—1 —™

EXECUTE CYCLEN

-

—_ —-

FETCH CYCLE N-+H1

P1

- L
B I

fa——

MACHINE CYCLE

—

I =
| I

r-—— MACHINE CYCLE =~ —»

www.DataSheetdU.com

Fig. 11 Basic timing chart
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Execution of one instruction consists of six clock
pulses for the reading (Fetch) cycle and six clock
pulses for the execution (Execute) cycle, for a total of
12 pulses, but in actuality, the two cycles overlap and
are executed at the same time, so that it appears that
the cycle execution (one machine cycle) is being com-
pleted in six clock pulses.

The exceptions to the execution time are the BR, CAL,
and RTN instructions. With these three instructions, the
subsequent command is invalidated because of the
time required to change the address sequence. There-
fore, the instruction is read in advance, so that execu-
tion can be completed within the fetch cycle.

10) Clock generator

The BU2463 series has an internal clock generator.
The oscillation circuit can be configured by attaching
an external ceramic resonator (if an optional internal
oscillation capacitor is used).

0sC2

0sC1

Fig. 12

* Depending on the resonator, an external capacitor
may be necessary. Please consult the pertinent
manufacturer for recommended values.

11) Reset function

Two reset functions are available to initialize the CPU.
When the CPU is initialized, the program counter
executes instructions from 0 page, 0 address.

(1) Reset through an external pin

A reset can be executed by setting the INIT pin to
LOW, which is done by specifying an interval of four or
more machine cycles. (One machine cycle = 1/foscX
6)

If a reset is executed by turning on the power supply, a
capagitor can be connected between the INIT pin and
the GND and an integrated circuit configured with the
internal pull-up resistance (approximately 400k Q ).
This generates a reset pulse when the power supply is
turned on.

BU2463/BU2464/BU2465/BU2466

However, this method is effective only when a valid re-
set pulse isinput while the power supply voltage is
within the operating voltage range and the clock os-
cillation has stabilized.

IOJ;;F

Fig. 13

* The capacitor value may need to be changed de-
pending on the rise time of the power supply (this cir-
cuit example shows a power supply rise time of 10 ms
or less).

(2) Reset using the internal Power On Reset circuit
The Power On Reset circuit is valid when the following
conditions are satisfied. In this case, the external ca-
pacitor on the INIT pin may be omitted. (BU2463/
BU2646 only)

The BU2466 does not have this internal circuit. A reset
should be initiated using an external pin.

(Von=3V, fosc=455kHz)

Parameter SymbolMin. Typ. Max|Unit| Condition
Power supply rise time tn [—=1—(1}ms
Rise time when interruputed e | =] = [ 1|ms|VMin=1V
Power supply interrupt time W | 5= |—ims

90%

VMin.
Z 10%

- w tr
Fig. 14

wyw . DataSheetdU.com

For simple-key remote controllers

Application-specific microcontrollers
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12) Carrier generator

The carrier signal output from the OUT output port can
be selected from among those listed in the table be-
low, using a mask option.

-
[
T
Fig. 15
Option OUToutput signal
A T=1/{car=12/ fosc
T1/T=1/2
8 T=1/fcar=12/fosc
T/T=1/3
c T=1/{can=8/ fosc
T1iT=1/2
D No carrier output (same operation as S0 ~ S7)

* fosc: Oscillation frequency, fean: Carrier frequency

13) Watchdog timer

The watchdog timer is configured of a 14-bit binary
counter, and a clock signal of fosc/ 6 is input as the ini-
tial stage input. When this counter overflows, an inter-
nal reset signal is issued automatically, and the inter-
nal circuits are initialized. The detection time is set to
6x1213/fosc (108.0ms when fosc = 455kHz). Normally,
this counter has to be reset prior to the overflow of the
binary counter, and in addition to the WDTR instruc-
tion, a mask option makes it possible to use the ouT
output signal to do this (when Y - reg = 8 and the SEO
instruction is executed). A reset is carried out forcibly
in the HALT state, and the counter resumes when the
HALT state has been cancelled.

CcPU

Binary counter (14bi —
rany oo (140M) Reset signal

RESET (Edge trigger)

fosc/6

Reset signal by command

Option setting
Fig. 16

14) Delay timer function

The tenth page of the ROM does not contain a pro-
gram ROM, but can be used as a delay timer by speci-
fying the ROM area in the program.

Setting the page buffer to 10 in the program and
branching to an appropriate address using a subrou-
tine call (CAL instruction) or a branch (BR instruction)
in the subroutine enables a delay time of up to 64 ma-
chine cycles to be produced.

o [ nNop

NOP

%63
62 | NOP
63| RIN
Fig. 17

wyiwe.DataSheetdl.com
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@Instruction systems

(1) Abbreviations

Rohm’s BU2463 series of 4-bit single-chip microcom-
puters has 40 types of basic instructions. These
instructions are configured of the mnemonic abbrevi-
ations listed below.

1) Instructions related to operation

L— : Load

X— ! Exchange
SE— : Set
RE— ! Reset
D— : Decrement
I— 1 Increment
CL— : Clear
NEG— : Negate
A— : Add

S— ! Subtract
BR : Branch
CAL : Call

RTN : Return
T— : Test

E— I Exclusive

2) Instructions related to constants
C [ (C)] : Immediate Z: Zero

3) Instructions related to status

The status is set to “1” under the following conditions.
aNEb:ia=b

altEb:a=b

—C  CarryoutonAor|

—N : Not Borrow Outon S or D

—2Z: Zero on NEG

™ 1

4) Instructions related to architecture block
P : Page Buffer Register

A . Accumulator Register

Y : Y-Register

M : RAM

Ko~ Ks ! Input

So ~ Sz, OUT : Qutput

BU2463/BU2464/BU2465/BU2466

(2) Instruction formats

All instructions are composed of eight bits, including
two fields ! an operation code and an operand. For-
mats are classified by the type of operand.

1) Format|

This format has no operand; all of the 8-bits are opera-
tion codes.

2) Format Il

This format consists of 2-bits of operands and 6-bits of
operation codes.

The 2-bits of operands are used to specify the bit ad-
dress in the RAM word.

0|1|2|3x4|5 6]7

OoP B
1 1 !

I
LSB MSB

3) Formatlil

This format consists of 4-bits of operands and 4-bits of
operation codes.

The 4-bits of operands are used to specify the
constant loaded into the RAM, the word address in the
Y register, the comparison values for the comparison
instruction, or the ROM page address.

Q0 1 _2 3 4 5 6 7
T 1 LI R

LSB MSB

4) Format IV

This format consists of 6-bits of operands and 2-bits of
operation codes.

The 6-bits of operands are used to specify the ROM
address.

oP W

www.DataSheetdU.com

For simple-key remote controllers

|

Application-specific microcontrollers
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@Command functions
The BU2463 series is equipped with the 40 types of general commands shown below.
Class. Mnemonic Function ST*1 Instruction code
1 LYA Y+Acc S 0010 0100
Transfer from
2 one register LAY Acc+Y S 0010 0011
3 | loanother CLA Acc+—0 s 0010 111
4 LMA M(Y) —Acc S 0000 0011
Transfer from
5 | register to RAM LMAIY M(Y) <Acc, Y+Y+H1 s 0010 0000
6 LMAZA M(Y) +Acc, Acc+—0 S 0000 0100
7 LYM Ye—M(Y) S 0010 0010
— | Transfer from
8 |RAM to register LAM Acc+—M(Y) S 0010 0001
9 XMA Acc+M(Y) S 0010 1110
10 LYC Y+—1{C) S 0100 (C)
Set constant
1 LMCIY M(Y)+i (C), Y+<Y+1 s 0110 (o]
12 SEM M{Y, B)}+1 S 0011 00(B)
RAM bit
13 operation REM M(Y, B)+0 s 0011 01(B)
14 ™ When M (Y, B) = 1, set status E 0011 10(B)
15 BR When ST = 1, branch to specified address S 10 (W)
16 | RAM address CAL When ST = 1, call subroutine of specified address | S 11 (W)
17 | specification RTN Return from subroutine to main routine s 0000 1111
LPC PB+I1(C) S 0001 (o))
AMAAC Acc—Acct+M(Y) c 0010 0101
20 SAMAN Acc+M(Y)—Acc B 0010 0111
21 IMAC Acc+M(Y)+1 (o} 0010 1000
22 DMAN Acc+—M(Y)—1 B 0010 1010
23 1A Acc—AccH1 S 0000 1110
Calculation
24 IYc YeY+1 C 0010 1011
25 DAN Acc+Acc—1 B 0000 o111
26 DYN YeY—1 B 0010 1100
27 EMAA Acc—M (Y) DAcc S 0000 0001
NEGAZ Acc+Acc+1 z 0010 1101
ALEM When Acc=M(Y) , set status E 0010 1001
30 ALEC When Accs| (C) , set status E 0111 (©)
31 Comparison MNEZ If M (Y) is not equal to 0, set status N 0010 0110
32 YNEA If Y is not equal to Acc, set status N 0000 0010
33 YNEC it Y is not equal to | (C), set status N 0101 ©)
34 nput KNEZ If KO ~ K3 is not equal to 0, set status N 0000 1001
npu
35 P LAK Acc+—KO~K3 S 0000 1000
36 SEO S(Y)+—1%*2 s 0000 1101
Output
REO S(Y)+0*2 S 0000 1100
WDTR Watch Dog Timer Reset vww.Date®Reet4U.cofi0l
39 Other HALT Halt operation S 0000 0110
40 NOP No operation S 0000 0000
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* 18T ! Indicates a condition for which the status (ST) changes, with the respective meanings noted below.
* The status is set unconditionally when the instruction is executed.
: The status is set if a carry or borrow condition occurs in the calculation results.
: The status is set if a borrow condition does not occur in the calculation resuilts.
. The status is set if the result of a comparison is true.
. The status is set if the result of a comparison is false.
Z . The status is set if the result of the calculation is zero.
% 2 The following are carried out based on the contents of the Y register.

ZmwOw

BU2463 / BU2464 / BU2465
Y register value Operation
0~7 SEO instruction: S (Y) «+ 1 (High-Z)
REQ instruction: S (Y) « 0
SEO instruction: The QUT output pin alternates repeatedly between HIGH and
8 LOW, at the carrier frequency. (Option D: QUT+ 1)
REOQ instruction: OUT « 0
9 SEO instruction: Se ~ S7 + 1 (High-Z)
REO instruction: So ~S7 < 0
10~15 No operation
BU2466
Y register value Operation
0~3. 6. 7 SEOQ instruction: 8 (Y) +< 1 (High-2)
v REO instruction: S (Y) + 0
SEOQ instruction: The OUT output pin alternates repeatedly between HIGH and
8 LOW, at the carrier frequency. (Option D: QUT <+ 1)
REOQ instruction: OUT « 0
9 SEO instruction: So ~ 87 « 1 (High-Z)
REO instruction: So ~S7 « 0
4, 5, 10~15 No operation

www.DataSheetdU.com

For simple-key remote controllers

Application-specific microcontrollers
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®Notes about the instruction system
The following describes each of the 40 types of basic
instructions in the BU2463 series, in greater detail.

(1) Notation format

Descriptions are noted using the mnemonic abbrevi-
ations listed in the “Instruction Functions” table at the
beginning of the instruction. The basic items noted be-
low are indicated to facilitate understanding, with addi-
tional notes concerning functions and other informa-
tion.

@ Notation format
ltem
(PDNaming : Full name of mnemonic
(@Binary operation code : Displayed in diagram
(3Status : Check of status functions
@Format : Type of instruction format (I to [V)
®0perand : Omitted for Format | instructions
®Function : Description of function

(2) Descriptions of instructions
1) LYA
Naming : Load Y - Register from Accumulator
Binary operating code :
0 1 2 3 4 5 6 7

Status : Set
Format : |
Function : Y «+ Acc

(Description) The contents of the accumulator are
transferred unconditionally to the Y register. The con-
tents of the accumulator do not change.
2) LAY
Naming : Load Accumulator from Y - Register
Binary operating code :

4] 1 2 3 4 5 6 7

Status : Set
Format : |
Function : A« Y

(Description) The four bits of the Y register are
transferred unconditionally to the accumulator. The
contents of the Y register do not change.

3) CLA

Naming : Clear Accumulator

Binary operating code :

4] 1 . 2 . 3 4 5 6 7

Status : Set
Format X |
Function : Acc + 0

{Description) The contents of the accumulator are
set unconditionally to 0.
4) LMA
Naming : Load Memory from Accumulator
Binary operating code :

0 i 2 3 4 5 [] 7

Status : Set

Format : |

Function : M (Y) < Acc
(Description) The 4-bit contents of the accumulator

are accumulated in the memory (RAM) location speci-

fied by the Y register. The contents of the accumulator

do not change.

5) LMAIY

Naming : Load Memory from Accumulator and incre-

ment Y-Register

Binary operating code :

0 ; 1 | 2 . 3 4 5 6 7

Status . Set
Format : |
Function : M (Y) — Acc Y+« Y +1

{Objective) The Y register continuously addresses
the pages of the 16 RAM words, and the addressed
word is set as the accumulator value.

{Description) The contents of the accumulator are
accumulated in the RAM location addressed by Y reg-
ister.

Next, the contents of the Y reg|ster are mcremented by

one. The contents of the
YWYV, DalaSheeMU com
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6) LMAZA
Naming : Load Memory from Accumulator and Load
Accumulator Zero
Binary operating code -
0 1 2 3 4 5 [ 7

Status : Set
Format - |
Function : M (Y) < Acc Acc+ 0

{Description) The contents of the accumulator are
accumulated in the RAM location addressed by the Y
register. The contents of the accumulator are then
cleared to zero.
7) LYM
Naming . Load Y-Register from Memory
Binary operating code :

0 1 2 3 4 5 6 7

Status : Set
Format : |
Function 1 Y < M (Y)

{Description) The contents of the RAM location ad-
dressed by the Y register are loaded to the register.
The contents of the memory do not change.

8) LAM
Naming : Load Accumulator from Memory
Binary operating code :

0 1 2 3 4 5 8 7

Status . Set
Format : |
Function : Acc +— M (Y)

{Description) The contents of the RAM location ad-
dressed by the Y register are loaded to the accumula-
tor. The contents of the memory do not change.

9) XMA
Naming : Exchange Memory and Accumulator
Binary operating code :

4] . 1 | 2 3 4 5 [] 7

Status : Set
Format : |
Function : M (Y) & Acc

{Description} The contents of the memory ad-
dressed by the Y register are exchanged with the con-
tents of the accumulator. For example, in order to
carry out a calculation, this instruction can be used to
read the memory words in the accumulator and save
the current accumulator contents to the RAM. The con-
tents can then be returned to the accumulator at the
next XMA instruction.
10) LYC
Naming : Load Y-Register from Immediate
Binary operating code :

Q 1 2 3 4 5 6 7

Status : Set

Format : ili

Operand : Constant0 =1 (C) = 15
Function - Y < | (C)

{Objective) This loads a constant to the Y register.
In an ordinary usage example, Y is setin a specified
RAM word address, an address for a selected output
line is specified, or carrier signal to be output from the
OUT output port is specified, by setting Y. It can also
be used to initialize the Y register for loop control.

{Description) A 4-bit value is transferred from the C
field of the instruction to the Y register.

11) LMCIY

Naming : Load Memory from Immediate and Incre-
ment Y-Register

Binary operating code :

0 1 2 3 4 5 8 7
T T T T T T
0 1 1 0 C
i ! 1 L L L
LSB MSB
Status . Set
Format : 1l www.DataSheetdU.com

Operand : Constant0 =} (C) =15
Function : M (Y} « 1 (C),Y <Y + 1

For simple-key remote controllers

Application-specific microcontrollers



Communication ICs

BU2463/BU2464/BU2465/BU2466

h

{Description) A 4-bit value is transferred from the C
eld of the instruction and accumulated in the RAM
focation addressed by the Y register. Next, the con-
tents of the Y register are incremented by 1.

12) SEM
Naming : Set Memory Bit
Binary operating code :
0 1 2 3 4 5 6 7

LSBIMSB
Status : Set
Format : Il
Operand : Bit address 0 =< | (B) = 3
Function : M (Y, B) ~ 1

(Description) In accordance with the selection of
the B field of the operand, the first bit of the 4 bits is set
in the addressed RAM memory as a logic of 1, de-
pending on the contents of the Y register.
13) REM
Naming : Reset Memory Bit
Binary operating code :

0 1 2 3 4 5 6 7

o 0 1 1 0 1 B

LSB MSB

Status : Set
Format : Ii
Operand : Bitaddress 0 < | (B) = 3
Function : M (Y, B) — 0

(Description) In accordance with the selection of
the B field of the instruction, the first bit of the 4 bits is
set in the addressed RAM memory as a logic of 0, de-
pending on the contents of the Y register.
14) T™
Naming : Test Memory Bit
Binary operating code :

0 1 2 3 4 5 [} 7

¢ 0 1 1 1 0 B

LSB MSB

Status : To status of comparison results
Format : Il
Operand : Bitaddress 0 =<1 (B) < 3
Function : M(Y,B) «17?
ST+ 1 (whenM (Y,B) = 1)
ST+ 0 (whenM(Y,B) =0)

(Objective) This tests to see whether the logic of the
selected memory bit is 1, and sets the status based on
the result of the test.

15) BR

Naming : Branc on status 1

Binary operating code :

0 . 1 2 ' 3 4 5 6 7

i 0 w

Status : Sets the status after executing the instruction,
conditionally, depending on the status
Format : IV
Operand : Branch address (W)
Function :
IfST =1, PA+ PB, PC + | (W)
fST=0,PC+~PC +1,8T + 1
Note: In actuality, PC is a pseudo-random counter
which specifies the next address in a fixed sequence.
(Objective) Depending on the program, this can be
used to change the order in which instructions are
executed in a normally sequential program. The
branch is conditional, based on the status of the re-
sults of executing the instruction.
{Description)
@This branching instruction is normailly conditional,
based on the status.
(DIf the status is “Reset” (the logic is 0), the next se-
quential instruction is executed, rather than branching
being carried out.
@if the status is “Set” (the logic is *1 "), the program is
executed based on the following types of action.
@There are two types of branching, long and short.
Short branching is used if the address is on the current
page, and long branching is used if the address is on a
different RAM page. The type of branching carried out
is determined by the contents of the PB register. In or-
der to execute long branching, the contents of the PB
register must be modified with the desired page ad-
dress, and this is done using the Load PB Register
(LPC) instruction.
16) CAL
Naming : Subroutine Call on status 1
Binary operating code :

o 1 2 dyww.DataSheetdU.com

1 1 w
L 1 1 1 | |
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Status © Sets the status after executing the instruction,
conditionally, depending on the status

Format © IV
Operand : Subroutine code less | (W)
Function :
fST=1, PC~IW) PA—PB
R1<PC+1 PSR1+PA
SR2 «— SR1 PSR2 — PSR1
IfST=0, PC+~PC+1 PB«PA
ST +1

Note: In actuality, PC has a pseudo-random counter in
relation to the next instruction.

{Description)
@Iin the program, control can be shifted between com-
mon subroutines. The loaded instruction retains the re-
turn address, so subroutines can be called out from
various locations throughout the program, and the Call
Return instruction (RTN) can be used in the subroutine
to return execution correctly to the loaded ad-
dress.Loading of addresses and instructions is normal-
ly carried out conditionally, based on the status.
@If the status is “Reset”, loading does not take place.
(@If the status is “Set”, loading is carried out correctly.
Because the subroutine stack (SR) has two levels, sub-
routines can be handled on two levels. Long subrou-
tine calls (those in which another page is called out)
can also be executed from any level.
@Long subroutine calls (those in which another page
is called out) are enabled by executing the LPC
instruction prior to CAL. Omitting the LPC instruction
{and PA = PB) serves as a short subroutine call (call-
ing a subroutine on the same page).
17) RTN
Naming : Return from Subroutine
Binary operating code :

4] 1 2 3 4 5 [ 7

Status : Set

Format : |

Function : PC +— SR1 PA, PB < PSR1
SR1 < SR2 PSR1 < PSR2
SR2 < SR2 PSR2 — PSR2

ST +1

(Objective) This returns execution from the called-
out subroutine to the program from which control was
called.

(Description) Information about the return address
taken from the stack register (SR1) is sent to PC, and
execution returns to the main routine. At the same
time, the contents of the page stack register (PSR1)
are sent to PA and PB.

18) LPC
Naming : Load Page Buffer Register from immediate
Binary operating code :

0 1 2 3 4 5 6 7

Status : Set
Format : il
Operand : ROM page address 0 = 1 (C) = 10
Function : PB « | (C)

{Objective) This loads a new ROM page address to
the page buffer (PB) register. This operation is neces-
sary when an instruction is used to call a long branch.

(Description) The PBregister is loaded in accor-
dance with the four bits from the C field of the instruc-
tion.

19) AMAAC

Naming : Add Accumulator to Memory
Binary operating code :

0 ; 1 | 2 | 3 4 5 [ 7

Status : Carry to status

Format @ |

Functions : Acc + M (Y) + Acc
ST « 1 (when total > 15)
ST + 0 (when total = 15)

(Description) The ontents of the memory location
addressed by the Y register are added to those of the
accumulator, and the results are accumulated in the
accumulator. The carry information is then sent to the
status as the result. if the total is larger than 15, a carry
operation occurs, and “1” is set as the status. The con-

tents of the memory do not change
vwww.DataSheetdU.com
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20) SAMAN
Naming : Subtract Accumulator to Memory
Binary operating code :

0 1 2 3 4 5 6 7

Status : Carry to status
Format : |
Functions : Acc +~ M (Y) - Acc

ST+ 1 (whenA =M (Y)) ] Initial

ST < 0 (when A > M (Y)) J conditions

{Description) Two’s complement addition is carried
out on the contents of the accumulator, and the con-
tents of the accumulator subtracted from the memory
word addressed by the Y register, wih the results being
accumulated in the accumulator. If the value in the ac-
cumulator is smaller than the memory word, or is
equivalent to it, the status is “Set”, to indicate thata
borrow operation was not carried out. If the value in
the accumulator is larger than the memory word, a
borrow operation occurs, and the status is reset to 0.
21) IMAC
Naming : Increment Memory
Binary operating code :
0 1 2 3 4 5 [] 7

Status : Carry to status
Format : |
Functions : Acc+— M (Y) +1

ST < 1 (when M (Y) = 15) } Initial

ST + 0 (when M (Y) < 15) ) conditions

{Description) The contents of the memory ad-
dressed by the Y register are read out. “1” is added to
this word, and the results are accumulated in the accu-
mulator. The carry information is sent to the status as
the result. If the total is greater than 15, the status is
“Set”. The memory does not change.
22) DMAN
Naming : Decrement Memory
Binary operating code .
0 1 2 3 4 5 6 7

Status : Carry to status
Format : |
Functions : Acc + M (Y} -1
ST « 1 (when M (Y) = 1) | Initial
ST « 0 (when M (Y) = 0) } conditions
{Description} The contents of the memory ad-
dressed by the Y register are read out. “1” is sub-
tracted from this word (FH addition), and the results
are accumulated in the accumulator. The carry in-
formation is sent to the status as the result. If the
memory is greater than 1, the statusis “Set”, to indi-
cate that a borrow operation was not carried out. The
contents of the memory do not change.
23) 1A
Naming : Increment Accumulator
Binary operating code .
0 1 . 2 | 3__4 5 6 7

Status : Set

Format : |

Function : Acc < Acc + 1
{Description) “1” is added to the contents of the ac-

cumulator, and the result is returned to the accumula-

tor. There is no influence on the carry status.

24) IYC

Naming : Increment Y-Register and 1 on Carry

Binary operating code :

4] ' 1 2 . 3 4 5 [ 7

Status : Carry to status
Format : |
Functions: Y« Y + 1
ST+ 1 (whenY = 15) ) Initial
ST+ 0 (whenY < 15) ] conditions
{Description) *1” is added to the contents of the Y
register, and the resultis returned to the Y register. The
carry information is sent to the status as the result. If
the total is greater than 15, the status is “Set”.

www.DataSheetdU.com
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25) DAN
Naming : Decrement Accumulator and Status 1 Bor-
row
Binary operating code :
4] 1 2 3 4 5 6 7

Status : Carry to status
Format : |
Functions : Acc < Acc + 1

ST« 1 (whenA = 1) } Initial

ST« 0 (whenA =0) ) conditions

{Description) “1” is subtracted from the contents of
the accumulator, and if the result (FH addition) pro-
duces a borrow operation, the stats is reset to a logic
of 0. If the contents of the accumulator are greater than
1, no borrow operation is carried out, and the status is
setto 1.
26) DYN
Naming : Decrement Y-Register and Status 1 on Not
Borrow
Binary operating code :
0 1 2 3 4 5 [ 7

Status : Carry to status

Format . |

Functions ! Y«<Y-1
ST« 1 (whenY = 1)\ Initial
ST—0(Y=0) conditions

{Objective? This subtracts only “1” from the con-
tents of the Y register.

{Description) “1” is subtracted from the contents of
the Y registe. This is done by adding a negative 1 (F+).
The carry information is sent to the status as the result.
If the result is not equal to 15, the status is reset to 0, to
indicate that a borrow operation was carried out.

27) EMAA
Naming : Exclusive OR Memory and Accumulator
Binary operating code :

0 1 2 3 4 5 ] 7

Status - Set
Format : |
Function : Acc — M (Y) B + Acc

(Description) An exclusive logical OR is carried out
on the contents of the memory addressed by the Y
register and the contents of the accumulator, and the
results are accumulated in the accumulator.

28) NEGAZ

Naming : Negative Accumulator and Status 1 on Zero
Binary operating code :

o : 1 . 2 . 3 4 5 6 7

Status : Carry to status
Format : |
Functions : Acc + Acc + 1
ST« 1 (whenA=0)
ST « 0 (when Ais not
equal to 0)

{Objective) This makes the word in the accumulator
a two’s complement.

{Description) The two’s complement of the accumu-
lator is calculated by adding “1” to the one’s comple-
ment of the accumulator, and the results are accumu-
lated in the accumulator. The carry information is sent
to the status. If the contents of the accumulator are 0, a
carry operation occurs, and the status is setto 1.

29) ALEM

Naming : Accumulator Less Equal Memory

Binary operating code :

0 T 1 . 2 . 3 4 5 6 7

Initial
conditions

Status : Carry to status
Format : |
Functions :

Acc=M(Y)?

ST+ 1 (when Acc = M (Y))

ST « 0 (when Acc > M (Y))

{Description) The value in the accumulator is sub-
tracted from the contents of the memary location ad-
dressed by the Y regist using complement addition.
The carry information is sent to the status as the resuilt.
A status of 1 indicates that the value in the accumula-
tor is less than or equal to the memory word. Neither
the contents of the memory nor those of the accumula-
tor change. www.DataSheetdU.com
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30) ALEC
Naming : Accumulator Less Equal Immediate
Binary operating code :

0 1 2 3 4 5 6 7

Status : Carry to status
Format - lll
Operand : Constantvalue 0 =1 (C) = 15
Functions : Acc =1(C)?
ST « 1 (when Acc = | (C}))
ST + 0 (when Acc > | (C))
{Objective) This compares the contents of the accu-
mulator and the constant value arithmetically.
{Description) The value in the accumulator is sub-
tracted from the constant (which is in the C field of the
instruction), using complement addition. The carry in-
formation is sent to the status as the result. If the accu-
mulator contents are less than or equal to the
constant, the status is “Set”. The contents of the accu-
mulator do not change.
31) MNEZ
Naming : Memory Not Equal Zero
Binary operating code :
(4] 1 2 3 4 5 6 7

Status : Comparison result to status
Format : |
Functions : M (Y) #07?
ST <1 (when M (Y) = 0)
ST < 0 (when M (Y) = 0)
{Qbjective) This compares the memory word to 0.
{Description) The contents of the memory ad-
dressed by the Y register are compared logically to 0.
The comparison information is sent to the status as the
result. If the memory value is not 0, the status is “Set”.
32) YNEA
Naming : Y-Register Not Equal Accumulator
Binary operating code :
0 1 2 3 4 5 6 7

Status : Comparison result to status
Format : |
Functions ! Y == Acc ?
ST < 1 and (when'Y # Acc)
ST « 0 and (when Y = Acc)

{Objective) This compares the contents ofthe Y
register to those of the accumulator, to see if they
match.

{Description) The contents of the Y register are
compared logically to the contents of the accumulator.
The comparison information is sent to the status as the
result. If the contents do not match, the status is “Set”.
33) YNEC
Naming . Y-Register Not Equal Immediate
Binary operating code :

0 1 2 3 4 5 & 7

Status : Comparison result to status
Format < 1lI
Operand : Constantvalue0 =1 (C) = 15
Functions: Y= C?

ST« 1 (whenY #* C)

ST+ 0 (whenY = C)

(Description) The constant in the Y register is
compared logically the four bits in the C field of the
instruction. The comparison result is sent to the status.
If the operand and the contents of the Y register do not
match, the status is set to 1.

34) KNEZ
Naming : K Not Equal Zero
Binary operating code :
0 1 2 3 4 5 [ 7

Status : Status set only if comparison results do not
match
Format : |
Function : When Ko ~ Ks are not equal to 0, status is
set

{Objective) This tests to see whether or not Ko ~ Ks
are 0.

(Description) The datayigyii DatésHie sRMpaiRT to
0. The comparison information is sent to the status. If
data which is not 0 has been input, the status is set.
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35) LAK
Naming : Load Accumulator from K
Binary operating code :

[¢] 1 2 _ 38 4 5 6 7

Status : Set
Format : |
Function : Acc + Ko ~ Kz

{Description) The data in Ko ~ Ks are sent to the ac-
cumulator.
36) SEO
Naming : Set S-Output Register Latch
Binary operating code :

Q 1 2 3 4 5 6 7

Status . Set

Format : |

Function : S(Y) « 1 o=vY=7
OUT <1 (OptionD) Y =38

S0~ S7+1(High-Z) Y=9
No operation 10=Y=15
{Objective) When 0 =Y = 7, this sets one S output
line to a logic of 1.
WhenY = 8, the OUT output pin alternates between
HIGH and LOW at the carrier frequency.
When Y = 9, this sets the So ~ S7 output lines to a log-
ic of 1.
When 10 = Y = 15, no operattakes place.
{Description) When the contents of the Y register
are between 0 and 7, the contents of the Y register se-
lect the appropriate S output (Se ~ S7).
When the contents of the Y register are 8, the OUT out-
put port is selected.When the contents of the Y register
are 9, So ~ S7 are all selected.
When the contents of the Y register are between 10 ~
15, the No Operation instruction is executed.
37) REO
Naming : Reset S-Output Register Latch
Binary operating code :
Q 1 2 3 4 5 6 7

Status : Set

Format @ |

Function: S (Y)~0 0=Y=7
OUT «0 Y=8
So~S87+0 Y=9
No operation 10=Y=15

{Objective) When 0 = Y =< 7, this sets one S output
line to a logic of 0.
WhenY = 8, the OUT output pin is set to 0.
When Y = 9, this sets the So ~ S7 olines to a logic of 0.
When 10 = Y = 15, no operation takes place.
{Description) When the contents of the Y register
are between 0 and 7, the contents of the Y register se-
lect the appropriate S output (Se ~ S7).
When the contents of the Y register are the QUT output
port is selected.
When the contents of the Y register are 9, So ~ Sy are
all selected.
When the contents of the Y register are between 10 ~
15, the No Operation instruction is executed.
38) WDTR
Naming : Watch Dog Timer Reset
Binary operating code :
0 . 1 : 2 . 3 4 5 6 7

Status : Set

Format : |

Function : Resets the watchdog timer
{Objective; Normally, the counter for the watchdog

timer must be reset before it overflows, and this

instruction is used to control the reset signal.

39) HALT

Naming : HALT

Binary operating code :

0 . 1 2_ 3 4 &5 6 7

Status : Set

Format @ |

Function : Implements the HALT function
{Objective) This stops oscillation and sharply re-

duces the amount of current consumed.

40) NOP

Naming : No Operation

Binary operating code :

Q | 1 2 | 3 4 5 6 7

Status : Set
Format : |
Function : No operation

wymw.DataSheetdU.com

For simple-key remote controilers

Application-specific micracontrollers



Communication ICs

BU2463/BU2464/BU2465/BU2466

@Development support systems

(1) Software support (RDS-BU2)

In order to facilitate software development with the
BU2463 series, the following software configuration
has been provided as a development support tool.

1) Software development support tools

The following software development support tools are
available.

1. Personai computer system (RDS-BU2)

The personal computer system requires the ability to
run MS-DOS* as the operating system (OS). A sample
system configuration is shown for reference in Figure
18.

2) Software configuration

The following are available as software development
support programs. These software programs require
the ability to run MS-DOS* as the OS.

1. Text editor

This software program allows source programs to be
created and modified. It can be used as a general-pur-
pose screen editor.

2. Assembler

This is used to convert source programs written as

mnemonics to objects, and to create assembly lists
and object files. The general-purpose cross-assembler
PROASM-II* * is used.

3. BUS2463 instruction library

This can be used by including the BU2463 macro li-
brary in the general-purpose cross-assembler PRO-
ASM-[1* *

4. Simulator

Using objects which have been created, target ma-
chines can be run in simulated operation in the host
machine, in order to monitor port and register sta-
tuses. This is used to run programs in the CPU in ad-
vance and to debug them, before running them with
the evaluation board.

When object files confirmed with the above software
programs have been completed, trial production of mi-
crocomputers for the pertinent system can be carried
out at Rohm.

®CRT

@ Host compute

* MS-DOS is a registered trademark of Microsott tnc.
* % PROASM-Il is a trademark of Kyoto Microcomputer Co. Ltd.

@PX-1

@ Printe

@ PKW - 1000

@ Host computer (PCB01, PC286 or equivalent)
@ Printer (PC-PR201, UP-130K or equivalent)
@ PROM writer (PKW-1000)

@ ROM emulator (PX-1)

® CRT (PC-KD853 ar equivalent)

www.DataSheetdU.com

Fig. 18 Personal computer system (RDS-BU2)
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@Development support system software

This section explains the various syntaxes used to acti-
vate this development support system, and the ways in
which the various software programs are used.

1. Source program formats

Source programs are created using a screen editor in
MS-DOS *. Source program statements consist of the
following four fields.

Operation
field

Comment
field

Operand

Label field field

These fields must be lined up in the configuration
shown above.
Blanks or tabs are used as delimiters between fields.
Consequently, the next field begins with the first char-
acter following the blank. The first character in a label
or operation field must be an English alphabetic char-
acter. Also, if the first column is blank, it indicates that
the label field is not limited.
Figure 19 shows an example of a source program, and
Figure 20 shows an exampie of the assembly output
for this program.

INCLUDE BU2463. LIB

ORG $000

LYC Q
AAA LMClY 0

YNEC 0

BR AAA

END

Fig. 19 Example of source program

IA80 Ver.2.08(C) 1985 by IWASAKI/KM.C PAGE 1

1 0000 INCLUDE BU2463. LIB
2 0000 list

3 0000 ORG  $000

4 0000 40 + LYc 0

50001 60 +AAA  LMCIY 0

6 0003 50 + YNEC O

7 0007 83 + BR AAA

8 000f END

No Fatal error(s)

Fig. 20 Example of assembly output

(1) Label field

The label field is designed to indicate the location of
one instruction in the program in a way that is easy to
reference and easy to remember, and is configured of
between 1 and 128 English alphabetic letters. Label
fields must be clearly differentiated, so that locations
are also clearly differentiated.

(2) Operation field

Operation fields are configured of operation codes
which indicate the function which the instruction imple-
ments. There must be at least one blank or tab be-
tween an operation field and a label field.

(3) Operand field

Operand fields are configured of operands which indi-
cate the target of the action being implemented. There
must be at least one blank or tab between an opera-
tion code and an operand.

(4) Comment field

Comments begin with a semi-colon and end with a
carriage return, line and field.

www.DataSheetdU.com
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@Hardware support

The following hardware support systems are available,
to make it faster and easier to develop target systems
for the BU2463 series.

1. BU2495 (Evaluation chip for the BU2463 series)
(1) Overview

The BU2495 is an IC designed for evaluation of the
BU2463 series of 4-bit, single-chip microcomputers.
Basically, it is configured of the same IC chips as the
BU2483, butinstead of the internal mask ROM unit
used to write programs, it is configured so that a pro-
gram memory (ROM or RAM) can be externally at-
tached.

By writing programs to this externally attached pro-
gram ROM, the user can treat the system in the same
way as the ICs of the BU2463 series for the target sys-
tem.Therefore, incorporating the BU2495 and the

(3) Block diagram

EV2403C evaluation board with the externally attached
program memory into user system makes program
and system debugging easier.

(2) Features

@Emulation of the BU2463 series of 4-bit, single-chip
microcomputers is enabled.

@The system is configured of a CMOS processor
which allows comprehensive evaluation of the BU2463
series.

@The instruction system is the same as that of the
BU2463 series.

@External attachment of a program ROM (2732, 2764,
27128, or 27256) on the BU2495 enables the system to
be handled just like the BU2463 series.

@Using the PAo ~ PAs and PCo ~ PCs which control
up to 640 words of ROM addresses (8 bits/word) and
the ROM data outputs lo ~ I enables linking with an
external program ROM.

| o~|<a] [so0~s7] Cour ]| [[opo. 1]]
[Poo~s | l PAO~3 | M'— [ e’ 1 TCHES GANERATOR
‘T 11 MODURATOR
PC ] LPA—M |’4‘ 10 16 RAM
*6 f 16wordX 1page X 4bit
4
PAGE ADD
2SE£$gL 2fgstT LACK ’ DECODER )
5 .l\
INSTRUC- AL || mux 4 4 4
TION 4
DECODER l/ ” i Ki
|
0sCt_—] 4 I—_;—@
0sc
AL
!
|L¢1 31| || HALT | | Yo~3 | y
RESET WATCH DOG TIMER \_Acc_l Ij_’
4
T — 1 |
Cwr | Dyt ]| |[vez | [Ceve | {Crsm | [Cwor ]| = I

www.DataSheetdU.com

Fig. 21
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(4) Pinlayout (pin functions) (5) External dimensions (Units: mm)
ar 58 24403
Tdu- 8900y —0o
$35£88285% 20403
RERNRENERYEN 51 33
Vo [SEEcEERGEAT Bl quﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ g 2
INIT ——]2 sof—— Y= =
GND—‘——GO s9f—»— PC5 @l ol = OE«,
10 ——{4 safb— PC4 olg = =S
11——s = Pc3 ] — = 1
12 ——¢ s]— PC2 - = =
13—~ 451—— PC1 620 =
14 ——s aa]—=— PCO == S - 1.2Typ.
15— wf— a0 L UL SR LLLAA g RER
16 —+—110 BU2495 az—>— A1 T T 1.0
17 ——{ 11 slb— A2 ~ 1.0+0.2 0.4+0.1 -
KHCO —— 12 wb— A3 S 1803 0.2
KHCt ——] 1z sl— Y0 4 7 A
KHC2 ——] 14 sf>— Y1 by y
KHC3 —+=—1s a7 Y2 0.05
KO —=—] 18 s~ Y3 ’
K1 ——17 3sp—>— WDT
K2——] 18 aaf——o
K3 ——f19 saf—

85285
.I ;L élé N. C.: Not connected
365

www.DataSheetdU.com
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(6) Description of pin functions

Pin Name 110 Function
Voo Used to connect 2.0 V ~ 4.0 V power supply.
GND Reference voltage for all inputs and outputs {0 V).
id Inout Manual reset input. Setting this pin to LOW initializes the S output port and sets
P 1 the ROM address to 0 page, 0 address.
Ko~K3 Inout 4-bit input ports. Internal pull-up resistance. Setting this pin to LOW cancels the HALT function.
pu {The HALT cancel function can be set using the KHC pin.)
§0~87 Output | Each of these can be set and reset independently (or all at once). The output format is Nch open drain.
our Output | Remote control signal output port which can be used to drive large currents. The output format is CMOS output
(output HIGH current side).
0SC1 Input | A ceramic resonator is connected between this pin and 0SC2.
Buitt-in feed back resistor between this pin and OSC2.
0sC2 Output | A ceramic resonator is connected between this pin and OSC1.

The HALT cancel function is tuned on and off by means of the K input ta these pins. Setting these pins to HIGH makes

KHC0~3 Input the HALT cancel function effective-based on the corresponding K input.

Carrier mode selection pins. OPs | OP Carrier mode
Four different carrier modes can be set.

0 | A:12/fosc1/2Duty

OP0~1 Input 0 1 | Bi12/1osc1/3Duty
1 0 | C:8/fosc1/2Duty
1 1 D : No carrier
HALT Input | External HALT input; however, HALT activation using an instruction takes precedence.
$1, ¢2 Output | Timing signal outputs
AD~A3 Output | These are used to output the accumulator contents,
Yo~Y3 Output | These are used to output the contents of the Y register.
Vboz - Power supply for interface block with EPROM. A power supply of 4.5 ~ 5.5 is connected.
RAR Input | Watchdog timer mode setting pins.
WDT Output | Monitor output for the reset signal of the watchdog timer.
PCO~5,PA0~3 | Output | These are used to output addresses to an external EPROM.
[0~17 Input | These are used to input data from an EPROM.

(7) Absolute maximum constants (Ta=25C)

Parameter Symbol Maximum rating Unit
Power supply voltage Vbp —0.3~7.0 Vv
Power dissipation Pd 700* mw
Operating temperature Topr —10~+70 c
Storage temperature Tstg —55~+125 T

% Reduced by 7mW for each increase in Ta of 1'C over 25°C. www.DataSheet4lU.com



Communication ICs BU2463/BU2464/BU2465/BU2466
Ty YV P 2 YY1 B 7

{8) Electrical characteristics (Unless otherwise noted, Ta=25°C, Voo1=3.0V, Voo2=5.0V)

Parameter Symbol Min. Typ. Max. Unit Conditions
INIT input current (HIGH) hHrr - 0.1 5 uA V1=Voo1
INIT input current (LOW) liLir — 15 - HA Vi=GND
K input current (HIGH) liHk — 0.1 5 rA Vi=Voo1
K input current (LOW) Ik — 40 - KA V1=GND
KHC input voltage (HIGH) VIHKHC 0.7Voo1 - Vop1 \'4 —
KHC input voltage (LOW) ViLkHe 0 - 0.3Vop1 \'4 -
OP input voltage (HIGH) ViHop 0.7Vop1 - Voot \ bl
OP input voltage (LOW) ViLor [0} - 0.3Voo1 \' -
R/R input voltage (HIGH) VIHRIR 0.7Vob1 — Vob1 \ —
R/IR input voltage (LOW) Vicrir 0 — 0.3Voo1 \ —
HALT input voltage (HIGH) ViHkaLt | 0.7Vob1 - Vob1 \ -
HALT input voltage (LOW) ViLHALT 0 - 0.3Voo1 \' —
I input voltage (HIGH) ViHi 0.7VoD2 — Vbp2 \' -
KHC input current (HIGH) liHkHe — — 1 uA V1=Vob1
KHC input current (LOW) litkHe — — —1 HA Vi=GND
OP input current (HIGH) lHoe — — +1 A V1i=Vop
OP input current (LOW) liop — - —1 KA Vi=GND
R/IR input current (HIGH) IHRIR — — +1 HA V1=Vpo1
R/IR input current (LOW) lirig — — —1 rA Vi=GND
HALT input current (HIGH) liHHALT - - “+1 uA V1=Vbb1
HALT input current (LOW) liLHALT - — —1 HA Vi=GND
} input current (LOW) it - - —1 #A Vi=GND
PC, PA output voltage (HIGH) VoHp — 0.2 — \ lon=1mA
PC, PA output voltage (LOW) VoLp - 0.2 — \'4 lo,=1mA
A output voltage (HIGH) VoHa - 0.2 — A lon=1mA
A output voltage (LOW) VoLa - 0.2 — v lo,=1mA
Y output voltage (HIGH) Vony - 0.2 — \ loH=1mA
Y output voltage (LOW) VoLy - 0.2 - \ lo,=1mA
O output voltage (HIGH) Vonp — 0.2 — v lon=1mA
O output voltage (LOW) VoLo — 0.2 — \'% lo,=1mA
WDT output voltage (HIGH) VonwpT - 0.2 - \ lon=1mA
WDT output voltage (LOW) Voiwot - 0.2 - \% loe=1mA
S output voltage (LOW) VoLs — 0.2 — \ loe=1mA
OUT output voltage (HIGH) VoHRM - 2.5 — \ lon=8mA
OSC2 output voltage (LOW) VoLosc - 0.5 — \4 lo,=160 A
OSC2 output voltage (HIGH) Vorosc bl 2.5 - \% lon=160 ;A
S output leakage current Is - — 5 K®A Vo=Vop1, output Tr: OFF
OUT output current (HIGH) loLrm - 25 - rA Vo=Vop1, output Tr: OFF
0O8C1 feedback current losct - 3 — KA Vosc1=Vbp1
Static current consumption loosT - — 10 4A | In stk RataSheetdU.com
Operating current consumption looop — 0.3 — mA fck=455kHz
Operating frequency fopr 300 - 1000 kHz —
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2. EV2403C evaluation board for the BU2463 series
(1) Overview
The EV2403C is an evaluation board for use with the
BU2463 series of 4-bit, single-chip microcomputers. it
is designed to provide an environment as close as
possible to the final product at the application program
development stage, so that system operation functions
can be evaluated. The main features are listed below.
@The BU2495 is used as the evaluation ship.
@®The board and the application system are con-
nected by means of an emulation cable (18-pin DIP).
@An EPROM is used as the program memory (2732,
2764, 27128, or 27256).
@The instruction system and the |/ O specifications
are basically the same as those of the BU2463 series.
(2) Product specifications

{Product composition)
@EV2403C board module (glass epoxy resin PWB)
External dimensions : 67 X 60 (mm)
Power supply voltage : 2.0 ~ 4.0 (V)
Operating temperature : 0 ~ 50C
@18-pin DIP emulation cable
(3) Connection settings
Emulation can be carried out using the connectors
listed below. (See Fig. 22.)

[J1] Emulation socket
This connects the cable to the target system. Power is
also supplied to the evaluation board through this
cable.

{J3] Monitor pin
Internal operations in the BU2495 can be monitored.
The following signals can be monitored : Acc0 ~ 3,
Yreg0 ~ 3, ¢1, ¢2, WDT

[J4] Oscillation monitor pin
Oscillation output signals can be monitored.
(4) Option settings
The following settings for options must be entered, de-
pending on the specifications of the application.

[$1] Setting the HALT cancel function
Shorting the HIGH sides of short posts 1 ~ 4 enables
the HALT cancel function to be set, based on the cor-
responding K input. If the HALT cancel function is not
to be set, the L side should be shorted.

Set pin Ko K1 K2 K3
Short post 1 2 3 4
HALT cancel function set H H
HALT cancel function not set L L L L

[S2] Setting the watchdog timer reset function using
the carrier output and OQUT output
@Setting the carrier output
Setting short posts 1 and 2 as indicated in the table

below enables the carrier output to be set.
T

Pin No. Signal Pin No. Signal
1 INIT 10 s3 3 :
2 GND 11 s4 e
3 Ko 12 S5
4 K1 13 S6 Short post )
Carrier output
5 K2 14 S7 1 2
6 K3 15 ouT L L T=1/fcar=12/fosc, T1/T=1/2
7 S0 16 0SC2 L H T=1/fcar=12/fosc, T1/T=1/3
8 S1 17 0SC1 H L T=1/fcar=8/fosc, T1/T=1/2
9 82 18 Voo H H No carrier output

[J2] EPROM power supply
The J2 connector is used if power is supplied to the
EPROM from a separate source. Switching is done
through the S1 short post 1.

fcar ¢ Carrier frequency, fosc : Oscillation frequency.

@ Setting the watchdog timer reset function using the
OUT output vivrwe. DataSheet4U.com
Setting short post 3 on the LOW side enables the OUT
output signal to be used to reset the watchdog timer.
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L ——————————,———

Short post 3

Short post 3

Watchdog timer reset using OUT output signal L

J1 and J2 driven from separate power supply

Watchdog timer not reset using OUT output signal H

J1 and J2 driven from same power supply H

[Options which cannot be set using the short posts]
Some of the mask options which can be set with the
BU2463 chip cannot be set using the short posts. Each
of these options is supported by an evaluation chip.
When they are used, check to make sure the pertinent
evaluation chip on the evaluation board has been set
so that the desired option can be used.
©Options which cannot be set on the EV2403C
@Whether or not there is an internal oscillation circuit
capacitance based on a ceramic resonator
@Selection of the S6 and S7 states in HALT mode
The EV2403C supports the following six types of evalu-
ation chips.

Evaluation chip (gfgg;:ﬁge Sst:te nHALT m(;t;e
BU2495-1 L L
BU2495-2 YES Previous state L
BU2495-3 Previous state | Previous state
BU2495-4 L L
BU2495-5 NO Previous state L
BU2495-6 Previous state | Previous state

{5) Usage environment settings

The following settings should be entered based on the

environment in which the evaluation board is used.
[S3] EPROM power supply switching, external HALT

setting and clock input switching

@EPROM power supply switching

Shorting the short post 3 on the LOW side enables

power to be supplied to the evaluation chip from J1,

and enables power to be supplied to the EPROM from

J2.

This makes it possible to run the EPROM on a 5V pow-

er supply and the evaluation chip on a 3V power sup-

ply.

If the evaluation chip and the EPROM are being sup-

plied from the same power supply, 1 should be

shorted on the HIGH side. This causes a short be-

tween the Voo pins of J1 and J2, one of which then

supplies power, so that both units can be driven from

the same power supply.

@Setting an external HALT

Shorting short post 4 on the HIGH side enables a
HALT state to be applied from an external source. Nor-
mally, this should be shorted on the LOW side.
@Switching the clock input

Switching between short posts 1 and 2 enables auto-
matic oscillation to be initiated by the external clock in-
put and the resonator.

Short post 1 2
External clock input L L
Internal automatic oscillation H H

When using the internal clock, the resonator should be
mounted on the EV2403C. The oscillation circuit
constant varies depending on the resonator, so the
manufacturer of the resonator should be consulted re-
garding recommended values.
(See XTAL, C1, and C2 in Figure 22.)

[S4] EPROM settings
Switching 6 enables mounting of the 2732, 2764,
27128, and 27256.
With the 2732, however, Pin 1 of the ROM chip should
be mounted so that it fits under Pin 3 of the socket.

Short post 1 2
2732 H H
2764 H L
27128 H L
27256 L L

(6) Operation notes

@ Of the functions available with this chip, the Power
On Reset function is not supported by the evaluation
board. When evaluating program operation functions
with the evaluation board, therefore, always attach an
external reset capacitor. The DS and ES should be
used to evaluate the Power On Reset function.

@®When evaluating BU2466 programs, the S4 and S5
pins (Pins 11 and 12 on J1) should be used in the
open state.

®4n 18-pin DIP IC socke! i prifastiaersn ifid-
plication system. The emuiation cable is inserted inio
this socket.

Application-specific microcontrollers

For simple-key remote controllers
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@Factors such as the wiring capacitance of the emula-
tion cable can sometimes affect normal oscillation of
the ceramic resonator in the application system. If this
happens, mount the resonator on the emulation board.
@|f power to the EV2403C is being supplied from the
application system through the emulation cable, make
sure the application system is capable of supplying
sufficient power.

@The EV2403C is designed for evaluation of the op-
eration functions of the program, and AC and DC char-
acteristics may differ from those of the mass-produced
chips. The DS and ES should be used for evaluation of
electrical characteristics.

o] o © o o o0 © o 0o ©
S 32223;&9%
1] ¢ © o o o ¢ |2
L HL H
84 ON
O
J4
BU2495
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w
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c| o o 0 o] o} o |H H © o] o}
c | o [ el o o o o [} o
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J‘C1
-

wyew. DataSheetdlU.com

Fig. 22 Parts layout (EV2403C)
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1 < Initial reset circuit

(1) Using the internal power on reset circuit

The BU2463 series is equipped with an internal Power
On Reset circuit. The Power On Reset function works
even if the INIT pin is in open state. The timing at which
the reset signal is generated is proportional to the os-
cillation clock cycle (tosc).

A clock of four or more stable machine cycles (24
clock pulses) must be input to the OSC1 pin during the
valid reset period.

(2) Using an external capacitor

If a longer reset timing is required than that which can
be provided with the internal Power On Reset circuit,
such as for power supplies with a slow rise time and
power supplies with strong chattering (> 1ms at fosc =
455kHz), a capacitor Co is connected between the INIT
pin and the GND pin. :

The CR integrated circuit is comprised of Co and the
internal pull-up resistance of the IC (approximately
400k Q). When the power is turned on, the integrated
waveform of the power supply rise waveform is input
through the INIT pin, and a reset is initiated which re-
mains effective until the input threshold voltage of the
internal inverter is exceeded. During the period in
which the reset is valid, a clock with a stable cycle ex-
ceeding four machine cycles (24 clock pulses) must
be input to the OSC1 pin.

The constant should be set high enough to accommo-
date the power supply rise time (including chattering)
and the oscillation rise time subsequent to reaching
the valid power supply voltage (the rise time for a crys-
tal resonator is longer than that for a ceramic resona-
tor).

if the power supply rise time is within 10ms, 0.1 4 Fis
an appropriate value for Co.

2
5

-0

Co
0.1 uF

of
"

>

Power on / reset circuit

Fig. 23 Initial reset circuit

www.DataSheetdU.com

(Note) Power-on reset circuit is not incorporated in the BU2466. Use an externai capacitor.

For simple-key remote controllers
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2. Oscillation circuit

Attaching an external ceramic (crystal) resonator be- resonator should be placed as close to OSC1 and
tween OSC1 and OSC2 enables configuration of a ce- OSC2 as possible.
ramic (crystal) oscillation circuit. In order to minimize The circuit shown in Figure 24 can be used by using a
effects on the board wiring and other elements, the mask option (internal capacitor).

0SCi 0sc2 0sC1 08sC2

mll il

Circuit A Circuit B

Fig. 24 Example of oscillation circuit (configuration)

a : Precautions regarding oscillation when the power is turned on

When using an external capacitor on the initial reset time has been completed, erronecus operation may
circuit, the setting should ensure that the valid INIT sig- occur. Generally, crystal resonators have a longer rise
nal is longer than the power supply and oscillation rise time than ceramic resonators, so special caution is re-
times. If operation begins before the oscillation rise- quired if using a crystal resonator.

/ Voo

¢ Minimum operation voltage
Supply voltage /

-------------- ov

"""""""'"'“""""'"""""“‘: """ , Voo

Oscillation wave

H ov
! - Oscillation stable time
Oscillation unstabie time
"""""""""""""""" Voo
R S s WA
i /
ov
-~

vwww.DataSheet4U.com
TNIT valid time (more than 4 machine cycles)

Fig. 25 Power supply waveform when power is turned on (expanded on time axis)
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b  Precautions regarding oscillation when HALT is cancelled

When a HALT state is cancelled, oscillation is re-
sumed. At this point, in order to assure sufficient time
for the oscillation to stabilize, the BU2463 series is pro-
vided with an internal wait timer (6144 effective clock
pulses/fosc) based on the hardware counter. During
that period, no clock pulses are supplied to internal cir-
Cuits, so no program execution is carried out. Conse-
quently, input which is faster than the wait timer timing
cannot be read.

The oscillation rise time varies depending on the type

fosc=400kHz

of resonator used. Please consult the manufacturer of
the resonator for specific time information.

¢ ! Correspondence table for resonators and applica-
tion circuits

Currently, the resonators listed below can be used with
the circuits and oscillation constants given in the table.
For more detailed information, please consult the
manufacturer of the resonator before selecting a cer-
tain circuit and constant.

Prod. No. Maker Circuit |Osc. constant | Power supply voltage range
CSB400P Murata Mfg. A - 2.0~4.0
KBR400BK70 Kyocera corp. A - 2.0~4.0
FCR400K3 TDK A — 2.0~4.0
EFO-A-400K04A | Matsushita Electric A — 2.0~4.0
fosc=440kHz
Prod. No. Maker Circuit |Osc. constant |Power supply voltage range
CSB440E Murata Mfg. A — 2.0~4.0
KBR440BK70 Kyocera corp. A — 2.0~4.0
EFO-A-440K04A | Matsushita Electric A - 2.0~4.0
fosc=455kHz
Prod. No. Maker Circuit {Osc. constant |Power supply voltage range
CSB455E Murata Mfg. A - 2.0~4.0
KBR455BK70 Kyocera corp. A — 2.0~4.0
FCR455K3 TDK A - 2.0~4.0
EFO-A-455K04A | Matsushita Electric A - 2.0~4.0
fosc=480kHz
Prod. No. Maker Circuit |Osc. constant |Power supply voltage range
CSB480E Murata Mfg. A - 2.0~4.0
KBR480BK70 Kyocera corp. A — 2.0~4.0
FCR480K3 TDK A — 2.0~4.0 Wwww.DataSheetd4U.com
EFO-A-480K04A | Matsushita Electric A - 2.0~4.0

For simple-key remote controliers

Application-specific microcontrollers
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fosc=432kHz
Prod. No. Maker Circuit |Osc. constant |Power supply voltage range
CSB432E Murata Mfg. A - 2.0~4.0
fosc=320kHz
Prod. No. Maker Circuit |Osc. constant| Power supply voltage range
C1=100pF —
CSB320D Murata Mfg. B (Note) C2=100pF 2.0~4.0

(Note) An internal capacitor and external capacitor are required.

4 : Precautions regarding setting of mask options
When setting the mask options for the BU2463 series,
the following precautions should be observed.

a > OUT output carrier signal mode

Select the required carrier mode. If using (A ~ C) nor-
mal output (no carrier) as the port, select Mode D.

If Mode A is selected, please be aware that there may
be times when the HIGH state of the first pulse serves
as the seventh clock (normal sixth clock).

b : HALT cancel function

When applying a HALT (oscillation stopped) state, at
least one pin should be set to the HALT cancel func-
tion YES (Y) state, as a means of cancelling the HALT
state. The HALT state will not be cancelled if a LOW
state is input to a pin for which the HALT cancel func-
tion has been set to NO (N).

A HALT state can also be cancelled by inputting a valid
reset signal.

¢ : S6 and S7 output states in HALT state

In applications where the HALT state is cancelled by
shorting an input pin for which the HALT cancel func-
tion (see above) has been set (for example, with re-
mote control transmitters), select (A), which produces
a LOW state.

This ensures that the HALT state will be cancelled.
(The pin wilt be LOW regardless of the program. How-
ever, the state is maintained internally, so recovery oc-
curs following the cancel of the HALT state.)

If pull-up resistance has been added externally, current
flows during a HALT state (output is LOW), so other
means of retaining the values prior to the HALT state
are required, such as selecting (B).

d : Resetting the watchdog timer using the OUT out-
put signal

In applications where the OUT output signal is output
periodically, such as in a remote control transmitter,
selecting (Y), which resets the timer, can be used ef-
fectively.

If (N) is selected, so that the timer is not reset, the pro-

gram must be designed so that the WDTR instruction
is executed periodically (within 2! machine cycles).

e © Capacitors for ceramic resonator circuits

Select whether the capacitor is internal (Y) or nat (N),
depending on the resonator and oscillation circuit be-
ing used.

5 : Precautions when creating programs
When developing programs for the BU2463 series,
caution is required concerning the following items.

a . All of the instructions listed below must be stored in
the ROM. (As long as they are in the ROM, they do not
necessarily have to be used in the software.)

CAL CLA IYC LAK LMAlY

LYA LYM LAM NOP RTN

SEO REO HALT WDTR LAY

LMA 1A DAN DYN

(Note) Of the instructions listed above, those requiring
operands must have appropriate values added as the
operands.

b : The following instructions should not be used as
program start addresses (PAGE = 0, PC = 0).
BR SEO REGyww bt SheetdNeom
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6 . Precautions when evaluating programs
(1) ForBU2463
Mass-produced chips can produce operations equiva-
lent to those of evaluation chips (evaluation board :

2403C), but the table below lists differences between
the two. If evaluation chips are being used, evaluation

BU2463/BU2464/BU2465/BU2466

should be carried out keeping these items in mind.
Also, other fundamental characteristics are similar, but
a sample should be used and testing carried out on
mass-produced boards, to make sure the characteris-
tics of final attachment circuits and other components
match.

Class ltem Mass-production chips (BU2463 series) Evaluation chip (EV2403C evaluation board)
K input HALT release function (%) can be selected | HALT release function can be selected individually for each bit by
P individually for each bit, using mask option. setting HALT release function, using setting switches
9
(KHCO ~ KHC3).
m Options for output states in HALT mode are supported by three
o Output state for S6 and S7 in HALT state can | types of evaluation chips.
£ | S output be selected, using mask option. Note) Of the 4 available options, "S6 in standby, S7 LOW output"
2 is not supported by an evaluation chip.
c
% An internal carrier generator enables 4 types | An internal carrier generator enables 4 types of carriers to be
O | OUT output of carriers to be selected, using mask option. | selected, using carrier setting pins (OP0, OP1).
p

0SC input/output

Oscillation capacitor can be added between
GND pins, using mask option.

Oscillation capacitor options are supported by two types of
evaluation chips (used/not used).

Electrical characteristics

No internal Power On Reset circuit. (Extemal capacitor must be

Reset circuit Internal Power On Reset circuit
attached.)
[Power to EPROM supplied from separate power supply (5 V)]
Connected to 2.5 ~ 4.0 V power supply.

Power supply Connected to 2.0 ~ 4.0 V power supply [Used with single power supply]

Usable voltage range for EPROM must be taken into
consideration. Be aware that current consumption increases.

0SC input/output

Oscillation circuit can be configured by
mounting ceramic resonator.

Setting selector switch and mounting a ceramic resonator enable
configuration of oscillation circuit on evaluation board.

In this case, the OSC pin (on emulation cable side)

should be open.

Note) The wiring capacitance and other characteristics are different from those of boards
configuring the oscillation circuit, so the oscillation of mass-produced boards must be evaluated.

% HALT release function: If "L" is input to kat HALT, the Half state will be released.

www.DataSheetdU.com
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(2) ForBU2466 Also, other fundamental characteristics are similar, but
Mass-produced chips can produce operations equiva- a sample should be used and testing carried out on
lent to those of evaluation chips (evaluation board : mass-produced boards, to make sure the characteris-
2403C), but the table below lists differences between tics of final attachment circuits and other components
the two. If evaluation chips are being used, evaluation match.

should be carried out keeping these items in mind.

Class| Item Muss production chip (BU2466 series) Evaluation board EV2403C
K inout By selecting the mask option, the HALT The HALT release function can be selected for each bit, by using
P release function (%) can be selected for the HALT release function setting pin (KHCO - KHC3).
each bit,
o The output state option during HALT can be accomodated by 3
-g S outout By selscting the mask option, the output state |  kinds of ever chips.
@ P can be selected for S6 and S7 during HALT. | (Note) Among 4 options "S6 retains the mode, " and "S7 low
s output" cannot be supported by the ever chip.
a A carrier generator is incorporated so . s . .
O | out output that 4-kinds of cartiers can be selected l())amer geqeratotrfls bu.m |nbs§04 klgdg F?1t carriers can be selected
by selecting mask option. y the carrier setting pins ( an ).
0SC 10 By selecting the mask option, oscillation The options of oscillation capacitor can be accomodated
capacitors can be added before grounds. depending on the 2-kinds of ever chips.
54,55 output None Do not use pins in the open state.
8 [A power voltage of 5 V for EPROW should be supplied by a
= separated source.]
'g Power supply :: : r;egtva Supply voltage of between 2.0V Connect to a power voltage of between 2.5V and 4.0 V.
g - [Use single power source]
5 The power supply voltage for EPROW should be considered.
5 Note that current consumption increases.
E: By selecting the setting switch and mounting ceramic oscillator,
= oscillation circuit can be configured on the ever board.
B In such case the OSC pin (on the side of the emulation cable .)
w i oscio becomes open.
Note: The wiring capacity of the board that consists of an oscillation circuit is different from that of quantity
production circuit board, so toscillation evaluation using the quantity production board must be carried out.

(3%) HALT release function: If "L" is input fo K at HALT, the HALT state will be released.
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7 : Application circuit example
This shows atypical application example using the
BU2458 as a base chip in a remote control encoder.

BU2463
7
|
° ° a ° 0 Ko osc1 L
I I I I I I I K1 —]
°| I I l l l '° K2 oscz 8 D
|a1lao|29|23|27l| K3
R2
A7
A1
out HE—HAAN, T
S0
$1
9. 52
10
s3
Mgy Voo |12
12 J1 L
i3] 56 s 3 ==
gy -
anp |2 :

Fig. 26 Application circuit example (32-key remote control unit)

The following is a guide to peripheral circuits (A to E in the above diagram).
: Power supply circuit (page 15)

* Initial reset circuit (page 1)

+ Oscillation circuit (pages 2 ~ 4)

* Infrared LED drive circuit (pages 16 ~ 17)

- Key scan circuit (pages 18 ~ 19)

moow>»

(Note) There are no RC or RD pins in the BU2466.

@Operation notes

Although the application circuit example shown above is recommendabile, it is requested that the circuit characterls-
tics should be confirmed carefully. When using the circuit with the external circuit const
marginal difference of the static characteristics and transient characteristics about the att
ICs.

Please note that we have not confirmed about the patent.

Yo DataSheeMU r.um
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BU2463/BU2464/BU2465/BU2466

A : Power supply circuit

If large current flows to the circuit, such as in infrared
LED drive circuits, and there is high wiring impedance
on the board and high power supply impedance (in
cases where the battery wears down particularly quick-
ly because the equivalent impedance of the battery is
too high), the power supply voltage fluctuates, and the
IC may malfunction because it is operating outside of
the operating power supply voltage range.

To suppress fluctuation in the power supply voitage
and assure stable operation, an electrolytic capacitor
should be connected between Voo and GND, as close
to the IC pin as possible.

Depending on the settings entered for specifications
such as the signal arrival distance and usage power
supply voltage range, as well as conditions such as
the type of battery used and the board design, a ca-
pacitance of 47 ~ 100 x F shouild be provided, with
the appropriate value being determined through ex-
perimentation. If it is not possible to attach a iarge ca-
pacitor sufficiently close to the IC pin because of the
mounting space or other considerations, a smaller ca-
pacitor (0.01 ~ 0.1 xF) may be added in close proxim-
ity to provide supplemental capacitance.

D : Infrared LED drive (OUT pin application) circuits
An infrared LED drive circuit can be configured by ad-
ding a single external NPN Tr to the OUT output.

Voo

Rz
/\/)VF LED : SIR-56SB

Tr: 25C2673R
{hre=180~380)

I}
-y

) Vsar

Vee

Fig. 27 Example of OUT pin attachment circuit

The following show examples of how the various
constants in the circuit in Figure 27 are determined.

a : Setting the LED drive current (lLeo)

This is set with the type of LED and the arrival distance
of the infrared beam in mind.

Using an SIR-56SB as the LED, at Voo = 3V, designing
a circuit with a target value of l.eo = 700mA involves
the following calculation examples.

b : Setting R:

The Tr must be put in overdrive and a base current val-
ue must be set that cannot fail to cause saturation, tak-
ing dispersion and temperature characteristics into
consideration.

Assuming an overdrive factor of K, the base current
lout is determined as shown in equation (1).

K X leo
hee

lour =

In equation (1), if hee = 270 typ. (see Tr specifications)
and leeo = 700mA, then setting K = 5 produces the fol-
lowing value for lour.

5 X 700mA
270
Caution is required, because if K is excessively large,
the accumulation time for Tr will be longer, resulting in

alonger ON time.
Assuming an OUT output HIGH voltage of Venand a Tr
base - emitter voltage of Vee, resistance Ri is deter-
mined by equation (2).

VoH - Ve

lour

= 13mA

lour =

Ri = o...o.o(2)

www.DataSheetdU.com
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e ————————,—————,————

In equation (2), if Vou = 2.2V (at lour = 13mA : see Fig-
ure 9) and the Vee of Tr = 0.8V, the following equation
results.

2.15-0.8

13 X 1078
As aresult, a value of R1 = 110 (Q) is appropriate. (At
this point, it is assumed that lour will fluctuate between
12.0mA and 14.0mA because of fluctuation of the IC.)

Ry = =103.8(Q)

c . Setting R-

Resistance Rz is expressed by equation (3), assuming
the saturation voltage when Tr is ON (l.eo = 700mA) is
VSAT and the forward voltage of the infrared LED is V.

Fﬁ:ﬁD'IVFA. Cee e (3)
LED

In equation (3), if Vsar = 0.25V and Vr = 1.65V (see the
specifications for Tr and LED), the following value re-
sults. :

R, = 3.0-1.65-0.25 B

700 x 108 = 1:57(Q)

Based on this resuit, R = 1.6 Q is an appropriate val-
ue. (At this point, Vsar fluctuates because of the base
current value (lour) of (1), but since there is sufficient
saturation, the fluctuation of Vsar can be suppressed to
around 0.1V or less. (See the specifications for Tr.)
E : Key scan circuit
The key scan circuit is configured as shown in Figure
28. (S output - Kinput)

Vik

Tr is ON during key scanningﬂm-

Fig. 28 Key scan circuit (equivalent circuit when key switch is ON)

When configuring a key scan circuit, the following pre-
cautions should be observed.

If a material with high ON resistance (Rkv) such as con-
ductive rubber is used as the key switch, the input volt-
age Vi to the K (R) pin will only drop as far as differen-
tial voltage between Rkv + Rv and Reu (see equation 4),
even when a key is pressed. Key scanning cannot be
carried out properly if this becomes higher than the K
(R) input LOW voltage (Vik). Therefore, the design
should ensure that R«v stays lower than the value indi-
cated below.

(Rkv indicates the resistance value between the two IC
pins when the key is on, including the wiring resis-
tance.)

The following calculation is carried out under the
conditions Voo = 3V and Ta = 25°C.

Assuming that Rv  { Rxv and Reu :

Rkv + Rn . Ry
~ Reu + Rer + Bn X Voo = Reu + Ry T (4)
Vik = Vi (max.) is the condition required in order for
key scanning to be carried out correctly (the input pin
voltage must be below the maximum input LOW volt-
age noted in the specifications). This gives us the fol-
lowing :
Rk

Reu + Rky
In euation (5), a worst-case scenario is assumed in
which Reu will be the minimum value (see specifica-
tions), sa the setting range which determines Rk is as
follows : www.DataSheet4U.com

Vi

Vik = X Voo = Vi (Max.) = « - (5)

60k X 0.9
3-09

Reu (Min.) X Vi
= =
Riv = Voo - ViL -~

=25.7(Q)
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In addition to the above, if keys are arranged in serial
order and Di is inserted, please be aware that condi-
tions will deteriorate further. We recommend that op-
eration be evaluated using an actual board.

Also, aside from an increase in the input voltage
caused by the resistance of the keys and wiring, if the
circuit has a capacitance such as wiring, the effects of
that capacitance must be taken into consideration as
well.

This capacitance causes the rise and fall times of the
key scan signals to be slower, throwing the key scan
timing off far enough that the level does not reach the
LOW state, or a HIGH state is not reached before the
next input timing begins. These situations can make it
impossible to obtain accurate key scan results. To pre-
vent such problems, the program design must ensure
that key pulses are output for a longer period of time
than the delay time caused by the wiring impedance.
Also, if using a program developed by Rohm, the initial
dslay timing (a and b in Figure 29) of the finished pro-
gram must be within 200 xs. (Rohm key scan pro-
grams are standardized to that timing.)

S output
VIH

----- S output waveform
-— Measured waveform

Fig. 29 Key scan signal and input timing www.DataSheet4U.com
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@Electrical characteristic curves
(Data indicate typical values and not guara?cteed (rated) values.)
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@External dimensions (Units: mm)

BU2463/BU2464/BU2465/BU2466
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