Communication ICs

controllers

MiorOcomputer for multi-key remote

BU2456/BU2458/BU2459/BU2460/BU2461/BU2462

The BU2458 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 building sophisticated functions.

@Applications

Remote control encoders

Specification

Sories BU2456/BU2458/BU2459/BU2460 BU2461/BU2462
Program memory (ROM) (bytes)” 1024 1024
Data memory (RAM) (bits) 324 32X4
Sub'r'ohtiri.e nesting levals 3 3
Instruction sets 43 42
Large-current output port 1 1
Input ports 4 4
Output ports ;] B
/0 poris 4 2
Instruction cycle { us) 13.2 (fosc=455kHz) 13.2 {fosc=455kHz)
Powar supply voltage (V) typ. 3 3

®Features

.1)

Five types of internal carrier generator circuits for 8) Data memory (RAM) of 32 X 4 bits
infrared remote control signals (selectable via pro- 9) 3levels of'sUbroutine nesting
gram) ‘ T 10) 4-bitinput ports (for key scanning)
2) Internal capacitor for ceramic oscillation circuit 11) 4-bit input/output ports (for key scanning and ex-
(mask option) pansion pins)
3) Internat watchdog timer 12) 8-bitindividual output ports (for key scanning)
4) Internal Power On Reset function 13) Instruction cycle of 13.2 x s (when fosc = 455kHz)
5) Large-current output port {for remote control signal 14) HALT function can be cancelled through key in-
output) put
6) Clock frequency : 300kHz ~ 1MHz
7) Program memory (ROM) of 1024 bytes
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@Absolute maximum ratings (Ta=25TC)

Parameter Symbol Limits . Unit

Power supply voltage Voo =0.3~5.0 ‘ v
550*1 (BU2458/BU2461)

Power dissipation - P 6002 (BU2459/BU2460/BU2462) mw
800*2 (BU2456)

Storage temperature Totg —55~+125 T

Input voltage Vin —0.3~Vpp+0.3 v

Output voltage Vour —0.3~Vpp+0.3 v

*1 Reduced by 5.6mW for each Increase In Ta of 1°C over 25°C.
* 2 Reduced by BmW for each increase in Ta of 1°C over 25'C.
#3 Reducad by B.0mW for each increase In Taof 1C over 25°C,

@®Recommended operating conditions

Parameter Symbol Limits Unit
Power supply voltage Voo 2.0~4.0 v
Operating temperature Topr —25~+75 T
@Block diagram
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BU2460/BU2461/BU2462
L ____________________________________________
®Pin description ‘ ‘
Pin Name 1O 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, 0 address,

4-bit input poris. Internal pull-up resistance. A mask option can be
Ko~K3 Input used to select whether or not the HALT cancel function is to be

effective for each individual bit (when the HALT function is effective,
the HALT status is cancelled by setting this to LOW).

S0~S7 Output Each of these can be set and reset independently (or all at once). The
output format is Nch open drain. :

4-bit input/output ports (however, these are set in input mode if a HIGH
state is output for any respective pin). The outpuls can be set and reset
indepsndently (or all at once). The output format is Nch open drain.

A mask option can be used to selected whether or not the HALT cancel
function is to be effective (by sefting this to LOW) and whether pull-up
resistance is used.

Remote control signal output port which can be used to drive large
ouT Qutput currents. The output format is CMOS cutput. The cutput HIGH current
side can be used to drive large currents.

RA~RD Inputioutput

A ceramic resonator is connected hetween this pin and OSC2. Built-in

0S¢ Input feedback resistor between this pin and OSC2.

osc2 Output A ceramic resonator is connected between this pin and OSC1,
Note: There are ng RC or RD pins in the BU2481 and BU2452,
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@Input/output circuit

Pin Name f[e] 11O Cirguit Notes

Hysteresis input

INIT Inpulioutput 0 % | E Internal pull-up resislance
{ About. 400 kQ

Open drain output
HIGH on reset
RA~RD Input/output (optional)
Internal MOS Tr for pull-up
About. 120 kQ

" Internal MOS

~ _ : Tr tor puli-up
KO~K3 Input About. 120 kQ

Open drain output
~ Output
S0~57 Hipd —y LOW on reset

CMOS output

. LOW on raset
ouTt Output ‘
Qutput HIGH current side can

drive large currents

Internal MOS Tr for feedback
Rf: About. 1 MQ
0OSCSTe

osc2 Output oset ﬁ'_ Internal damping reslstance
W Rd: About. 6 k@2

-
+ (optional)
c

Internal capacitors can be
G provided for oscillation
1 Al C1: About. 100 pF

C2: About. 100 pF

0SCH Input

Note: There are no RC or RD pins in the BU2461 and BU2462. (O : Circled items are mask options.
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BU2460/BU2461/BU2462
@Electrical characteristics {Unless otherwise noted, Ta=25C, Voo=3V)
Parameter Symbol Min. Typ. Max, Unit Conditions
INIT input current (HIGH) b - - 1 kA | V=V
INIT input current (LOW) lwr -3 | =75 | —18 rA | Vi=GND
K input current (HIGH} v - — 1 zA | Vi=Vp
K input current (LOW) I ~-9g | —25 | =50 | wA | Vi=GND
Kinput voltage (HIGH) ViHK 21 - 3 v -
K Input voltage (LOW) Wik 0 - 6.9 v -
R input current (HIGH) (7 - - 1 A | Vi=Voo
R input current 1 (LOW) I = =01 -1 #hA | Vi=GND, output OFF, no pull-up resistance
A Input current 2 (LOW) IRz -9 —25 ~50 #A | Vi=GND, output OFF, no pull-up resistance
R input voltage (HIGH}) Vinr 2.1 - 3 Vv -
R input voltage (LOW) Vi 0 - 0.9 v -
INIT input voltage (HIGH) Vi 2.25 - 3 v -
INIT input voltage (LOW) Vi 0 - 0.75 v -
R input voltage (LOW) Vom - 0.15 0.4 v lo.=1mA
S Input voltage (LOW)} Vos - 0.15 0.4 v lo.=1mA
OUT output voltage (LOW) Vowor - 0.15 04 v loL=100 A
OUT output voltage (HIGH) Vowor 24 25 - v lon=—8mA
0SC2 output voltage (LOW) Volos - 04 0.9 v lo.=70 uA
OSC2 output voltage (HIGH) VoHos 2.1 25 - v lon=—70 u A
R output leakage current ILa - - 1 #A | Vo= Voo, output OFF
S output leakage current hs - - 1 #A | Vo= Voo, output OFF
0OSC1 feedback current loset 1 3 7 #A | Whan Vosc: = GND, Voscz = Voo, in HALT mode
Static current consumption loost - = 1 #A | In HALT mode
Operating current consumption 1 looor - 0.3 1.0 mA | When fosc = 455 kHz
Operating current consumption 2 Ibborz - 0.25 - mA | External clock of 1 MHz
Operating frequency ' fosc 300 - 1000 kHz -
Oscillation capacitance 1 G1 - 100 - pF | When using internal capacitor
Oscillation capacitance 2 c2 - 100 - pF When using internal capacitor

454 ROHM



Communication ICs

BU2456/BU24568/BU2459
BU2460/BU2461/BU2462

— -

@Measurement circuits
@ Input current (HIGH) measurement circuit
@ Input current (LOW) measurement circuit

1> S output, R output voltage {LOW) measurement circuit
® OSC2 output voltage (LOW) measurement circuit

@ OUT output voltage (LOW) measurement circuit =
(When testing, Nch transistor should be on.) % ;3‘ :A
@100 uA
Fig. 2
{1 OUT output voltage (HIGH) measurement circuit % gg*:A \-er;
@ 08C2 output voltage (HIGH) measurement circuit —  |pour
{When testing, Pch transistor should be on.) Q @ osc2
GND
Fig. 3
R output, S output Isakage current measurement circuit
{When testing, Nch transistor should be on.) » STV‘”
RA~RD
GND
Fig. 4
0SC1 feedback current measurement circuit ;TD;
osc1 OsC2
GND
- Fig. 5
Static current consumption measurement Gircuit ;I;
(Test in HALT mode, using HALT instruction ’ 0sC1
to enter mode.) %
osc2
455kHz GND
Ceramig osolllator ?
Fig. 6
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Operating current consumption measurement circuit T
0SC1 Ve
% iNIT
osce
455kHz GND
Ceramic oseillator ?
Fig. 7

Note: Therg are no RC or RD pins
in the BU2461 and BU2462.

@Application example
This typical application example shows the BU2458 as the base chip in the remote control encoder shown below.

[, 1=
ose1 21— ]
i !
=
i
osca 20 —l_ | D
3+
A
R1
out 2 AN T
i
| 7]
Voo 22 I T
Il
o | —
L e | o
| = | "'
anoj2 {4 |
[l
[ G Il & |
Fig. 8 Application circuit example (64-key remote control unit}
The following is a guide to peripheral circuits (A to E in the above diagram).
A Power supply circuit E | Key scan circuit
B : Initial reset circuit There are no RC or RD pins in the BU2461 and
C : Oscillation circuit BU2462.
D ! Infrared LED drive circuit
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@Mask options ,
With the BU2456, BU2458, BU2459, BU2460, BU2461,
and BU2462, the following options can be selected :
{1) The watchdog timer can be reset (or not reset)
using the QUT output signal. .
{2) The following input pins are equipped with a
HALT cancel function : K0, K1, K2, K3, RA, RB,
RC, RD.
{3) Thefollowinginput/output pins are equipped
with pull-up resistance . RA, RB, RC, RD.
(4) Aninternal capacitor can be provided {or not) for
a ceramic oscillation circuit.
(5) Output states in HALT mode
S6 . LOW state {values prior to HALT state are
retained)
57 . LOW state (values prior to HALT state are
retained)

@HALT function
The HALT state can be initiated by executing the HALT
instruction. In the HALT state, the following apply :
(1) Oscillation stops, enabling an extremely low cur-
' rent consumption.
(2) The watchdog timer (WDT) is reset, and the S
and OUT outputs go to LOW state.

(3) Allvalues 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 outputin

the HALT mode can be selected using the mask op-

tions.

{(®) : Sets LOW state.

. The values in effect prior to the HALT state are

maintained. .

The HALT cancel function can be specified indepen-

dently for each bit of the K inputs and R inputs, using

the mask options.

It even one of the Kinputs or Rinputs has been set to

LOW, the HALT state is cancelled.

If the HALT state is cancelled, the following occur :

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

2) Inorder to prevent operation before oscillation has
stabilized, a wait timer is activated, and normal op-
eration is then initiated after 1024 X & effective
clock pulses.

3) Atthe point where normal operation is resumed,
the WDT begins to count again from 0.

For K inputs and R inputs equipped with the HALT can-

cel function, if a LOW state has been input, the HALT

instruction has the same effect as the NOP instruction.
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@Description of the block diagram

{1) Program memory {(ROM)

Aninternal ROM of 1024 words (64 words X 16 pages
X 8 bits) for application software programs can be pro-
vided.

The scope of the program memory consists of the pro-
gram counter PC (Ac: ~ 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.

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

Page #1

Ao~As

S

Page #2

Pago #15

Program counter
(PC)

Page addrass register
(PA)

Page butfer
(PB)

1L

1t

Stack Fagisler

(SR) . (psm)

(Level"1™)

(Leval'2")

(Level'3™)

Fig. 8 Program memory configuration
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{2} ROM address registers
The following registers are available to specity ROM
addresses.
1) Page address register (PA)
This contains the page numbers for the specified
address in the ROM. The contents of the PA (4
bits) are decoded by a page decoder as one of 16
address lines.
2) 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 instructicn is used to ioad the PB.
3) Program counter (PC)
This is used for word addresses on ROM pages.
One instruction is selected by the page decoder
from among tha contents cf the PC (6 bits).
4) Stack register (SR)
This stores return word addresses in the Call Sub-
routine mode.
1. Page address register and page buffer register
Therange of 0 ~ 15 pages inthe ROM is defined by
latching the four bits specifying the ROM page ad-
dress. The page address register differs from the pro-
gram counter in that normally it does not change. As
long as the Page Change instruction is not executed,
the program continues to remain on the same page.
To change the page address requires a two-step op-
eration : 0 write the page to which the program
execution is to jump in the page buffer (execute the

4 | Av~Aa

Y raglster

i

LPC instruction), and @ exscute 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 subroutine in 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 reset to a location of zere each time the power sup-
ply is turned on, and the page address is set to 0.
Next, the program counter specifies the next ROM ad-
dress, using a random sequence. When the BR, CAL,
and RTN instructions are decoded, the switches are
turned off between the various stages, and the ad-
dress is not updated. Instead, for the BR and CAL
instructions, the address data is read from the instruc-
tion operand (lz ~ Iz}, and for the RTN instruction, the
address is read from the stack register (Leve! 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 three levels.

Data mernory page (0~1)

I

Page #0 Page #1
15
0 1
X reglater

7T

Fig. 10 Data memory configuration
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{3) Data memory (RAM)

An internal RAM enables up to 32 words (16 words X 2
pages X 4 bits) to be stored.

The scope of the entire data memory is specified indi-
rectly by the data pointers (X and Y), with the page
number being specified by the one bit of the X register
and the word on the page being specified by the four
bits of the Y register. The data memary is configured of
16 words per page. This configuration is shown in Fig-
ure 10.

(4) Xregister (X)
The X register consists of one bit. This register speci-
fies the page address in the data memory.

(5) 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 the address (Ao ~ As) on the
page in the data memory, and at the same time is used
to specify the output port. Furthermore, it is used to
specify the mode of the carrier signal output from the

OUT output port. It can also be handled as a general- -

purpose register in the program.

(6) 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.

{7) 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.

{8) Instruction decoder

Of the 43 types of instructions provided in the BU2458
series, 31 types are converted by the instruction de-
coding PLA into 16 types of micro-instructions, and
when an instruction is executed, the instruction decod-

BU2456/BU2458/BU2459
BU2460/BU2461/BU2462

er handles operations such as connecting the data
buses. Nine of the remaining 12 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
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 cede is read from
the ROM, This avoids subsequentinstructions being
invalidated, so that the jump in program execution can
be made to the pertinent address.

(9) Input/output circuits

The Ko ~ Ka ports are 4-bitinput ports, and are pulled
up by an MOS Tr resistance.

The So ~ 57 ports are output ports which can be set
and reset independently. The output configuration is
an Nch open drain circuit.

The Ra ~ Ro ports are 4-bit input/output ports for
which the outputs can be set and reset independently.
The output configuration is an Nch open drain circuit.
The input format is pulled up by an MOS Tr resistance
(a using mask option}. The OUT port can be used to
drive large currents, and is a CMOS circuit {large cur-
rent on the HIGH side).

(10) 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 total ot
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, CGAL,
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.
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T T2 | Ta| T4| T5| TB

T1|Te| T3] T4 | T5 | Te

FETCHCYCLEN —

—— EXECUTE CYCLE N—1—

LT

[+— MACHINE CYCLE -~

—— EXECUTE GYCLEN -

— FETCHCYCLE N+H1 —

[*—  MACHINE CYCLE —=

— T
I
A

BU2456/B U2458[B U2459
BU2460/BU2461/BU2462

Fig. 11 Basic timing chart

{11) Clock generator

The BU2458 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).

: 20
0 osce
= 21
T 0— 0S80

Fig. 12

* Depanding on the resonater, an external capacltor may be necessary.
Please refer to the recommended values of the pertinent manufactur-
ar.)

(12) 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 INTT pin to
LOW, which is done by specifying an interval of four or
more machine cycles.

{One machine cycle = 1/foscx6)

If a reset is executed by turning on the power supply, a
capacitor 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. However, this method is effective only when
avalid reset pulse is input while the power supply volt-
age is within the operating voltage range and the clock
oscillation has stabilized.

1

-‘-—o—m
IDJ,uF

Fig. 13

* The capacitor valus may need to be changed daepending on the rise
time of the power supply {this circuit example shows a power supply
rise time of 10ms or less).
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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.

Table  Internal Power On Reset Standards
(Voo = 3V, fok = 455kHz2)

Parameter Symbol Min. Typ. Max. Unit Conditions
Power supply rise time trs — - 1 ms
Rise time when interruputed te — - 1 ms VMin=1V
Power supply interrupt time tw 5 - - ms
Voo
"66%‘ ”
Vian -E------
?m%

Fig. 14

(13) Carrier generator

The frequency and duty for the carrier signal output CMR OUT output signa
from the OUT output port are selected from among E——
those listed in the table below, based on the value of 0 T o
the CMR (Carrier Mode Register) specified by the pro- P —p
= WICAR= 05C
gram. 1 T1T=1/3
2 T=1ffcar=8/fosc
|..L.| TIT=1/2
3 T=1/car=8Hosc
TUT=1/4
m i 4 T=1/can=11/osc
Fig. 15 TUT=4/11
5 No carrier output (same operation as So ~ 87)

#* CMR is "0" on reset,
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(14) 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 6
X 212 /fosc (102.4ms when fosc = 480kHz). 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 QUT
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.

fosc/ 6

Binary counter {14blt)
RESET (Edge trigger}

= CPU
Resest signal

Resst signal by command

Output

Fig. 16

@ |Instruction systems

(1) Abbreviations

Rohm’s BU2458 series of 4-bit single-chip microcom-
puters has 43 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— . Increment
CL— = Clear
NEG— : Negate
A— . Add

S— . Subtract
BR . Branch
CAL : Call

RTN : Retumn
T— . Test

E— . Exclusive

2) Instructions related to constants
C [l {C)] & Immediate
Z . Zero

3} Instructions related to status
The status is set to “1” under the following condi-
tions.
aNEb:a=b
alEb:a=b
—C : Carryouton Aorl
—N : Not Borrow Outon S or D
—2Z : Zero on NEG
™™ I 1

4) Instructions relted to architecture block
P’ Page Buffer Register
A ! Accumulator Register
Y  Y-Register
M . RAM
Ko ~ Ks & Input
So ~ S7, OUT © Output
Ra ~ Ro : Input/output
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(2} Instruction formats

Allinstructions are composed of 8-bits, including 2
fields @ an operation code and an operand. Formats
are classified by the type of operand.

1} FormatI
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 RAM bit
and the X register (Bits 1 and 7 ars fixed at "0").
0|1|213|4|5 GIT

oP b

L
LSB MSB

3) Format III
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 bit or the Y
register, or to specify the comparison values for the
comparison instruction. They may also be used to
specify the ROM page address.

1] . 1 . 2 r 3 4 5 6 7

oP o
1 1 | ) ] 1

4} Format IV

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

The 2-bits of operands are used to specify the ROM
address.

opP w
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@ Command functions
The BU2458 series is equipped with the 43 types of general commands shown below.
Class. Mnemonic Function ST Instruction code
1 Teansfer from LYA, Y+-Acc s 0010 0100
2 one register LAY Acc—Y S 0010 0011
3 to ancther CLA Acc—0 [ 0010 11
4 | Transfer from LMA M{X, Y)+Acc s 0000 0011
5 rteogg'm LMAIY | MIX, Y)ehce, Y«—Y+1i s 0010 0000
6 | Transfor from LYM Y—M{X, Y} s 0010 0010
7 RAM to LAM Acc—M(X, Y) s 0910 0001
8 register XMA | AccwMX, Y) s 0010 1110
9 LYC YeI{c} . s 0100 ()
10 | Setconstant LMCIY MX, Y~ {c), Y<YH s 0110 (c)
1 LXC X+l (b) s 0011 11(b)
12 SEM MX, Y, b)+—1 s 0011 00(b)
13 ;’;’:’;t'i’gn REM M(X, Y, )0 s 0011 01 (b)
14 ™ When M (X, Y, b) = 1, set status E 0011 10(b)
15 BR Whan ST = 1, branch to specifiad address s 10 (w)
16 | ROM address CAL When ST = 1, call subroutine of specified address 8 11 (w)
17 | specification RTN Return from subroutine to main routine ] 0000 1111
18 LPC PB«I (c) 3 0001 ()
19 AMAAC Acc—AcctHM(X, Y} c 0010 0101
20 SAMAN Acc+M(X, ¥)—Acc B 0010 o111
21 IMAC Acc—M(X, Y)+1 c 0010 1000
22 DMAN Acc+—M(X, ¥)—1 B 0010 1010
23 . 1A Acce-accH1 [ 0000 1110
24 Galculation G YY1 o] 0010 1011
25 DAN Acc+—Acc—1 B 0000 0111
26 DYN Y=Y —1 ‘ B 0010 1100
27 EMAA Acc—M(X, Y)PAce 2] 0000 0001
28 NEGAZ Acce-Acc+1 z 0010 1101
29 ALEM When Acc = M {X, Y), set status E 0010 1001
ao ALEC When Acc = 1 (¢), set status E o111 )
k1] Comparison MNEZ If M (X, ), is not equal to 0, set status N 0010 o110
32 YNEA If ¥ is not aqual to Ace, set status N 0ooo 0010
33 YNEC If Y is not equal to | (), set status N 011 (c)
34 KNEZ If KO ~ K3 is not equal to 0, set status ‘N 0000 1001
35 LAK Acc+KO~K3 s 0000 1000
36 Input RNEZ*? If RA ~ RD is not equal to 0, set status N 0000 1011
ar LAR Acc+—RA~RAD s 0000 1010
as SEC Quiput (Y) «—1*2 5 0000 1101
Output
30 REO Output (Y) «C*2 ] 0000 1100
WDTR Watch Dog Timer Reset S 0000 0101
41 HALT Halt operation 5 0000 0110
42 Other CMS CMR«Y S C000 0100
43 NOP No aperation S 0000 o000
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*1 ST Indicates a conditton 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 results.
: The status is set if the result of a comparison is true.
1 The status is set if the result of & comparison is false.
Z : The status is set if the result of the calculation is zero.
*2 The following are cartied cut based on the contents of the Y register.

Z M w

Y register value Operation
0~7 SEOQ instruction: 8 (Y)+1
REOQ instruction: $ (Y)«0
SEO instruction: QUT (CMR)+1
8 The OUT output pin alternates repeatedly between HIGH and LOW, at the
carrier frequency.{if CMR = 5, the status is fixed at HIGH.}
REQ instruction: QUT (CMR)+—0
9 SEQ instruction: $0~ $7+1(High-Z)
REQ instruction; $0~ §7+0
A~D SEO instruction: A {Y}+1
REQ instruction: R (Y)+—0
E SEOQ instruction: RA~ RD+1
REQ instruction: RA~ RD+0
F SEQC instruction: S0~ S7, RA ~ RD+1
REQ instruction: $0~ §7, RA ~ RD+0

% The BU2461 and BU2462 do not have the RNEZ command.

@Notes about the instruction system

The following describes each of the 43 types of basic (2) Descripticns of instructions

instructions in the BU2458 series, in greater detail. 1) LYA

(1) Notation format Naming : Load Y - Register from Accumulator

Descriptions are noted using the mnemonic abbrevi- Binary operating code :

ations listed in the “Instruction Functions” table at the b .1 2 3 4 5 & 7

beginning of the instruction. The basic items noted be- 6 0 1 8 0 1 0 o

low are indicated to facilitate understanding, with addi- ST O S TR S

tional notes concerning functions and other informa- Status : Set

tion. Format : T

1) Notation format Function : Y + Acc
ltem {Description} The contents of the accumulator are
(ONaming : Full name of mnemonic transferred unconditionally to the Y register. The con-
(2Binary operation code : Displayed in diagram tents of the accumulator do not change.

(PStatus : Check of status functions
@Format : Type of instruction format (I to IV)
&Operand : Omitted for Format T instructions
& Function : Description of function
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2) LAY
Naming : Load Accumulator from Y - Register
Binary operating code :

0 . 1 y 2 . 3 4 5 [} 7

Status  Set
Format X I
Function : A+ Yec

{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 :

@ 1 2 8 4 8 B 7

Status : Set
Format : I
Function : Acc + 0

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

4] h| 2 k] 4 -1 6 7

Status : Set
Format @ 1
Function : M (X, Y)+ Acc

{Description} The 4-bit contents of the accumulator
are accumulated in the memory (RAM) location, in the
addresses specified by the X and Y registers. The con-
tents of the accumulatcr 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 @ 1

Function : M ({,Y) — AccY < 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 the X

and Y registers.

Next, the contents of the Y register are incremented by

one. The contents of the accumulator do not change.

6) LYM '

Naming : Load Y-Register from Memory

Binary operating code :

. 1] . 1 . 2 ; 3 4 5 6 7

Status . Set

Format : 1

Function : ¥ — M (X, Y)
{Description} The contents of the RAM location ad-

dressed by the X and Y registers are loaded to the reg-

ister. The contents of the memaory do not change.

7} LAM

Naming : Load Accumulator from Memory

Binary operating code -

0 . 1 . 2 ' 3 4 5 6 7

Status : Set
Format @ 1
Function : Acc < M {X, Y}

{Description) The contents of the RAM location ad-
dressed by the X and Y registers are loaded to the ac-
cumulator. The contents of the memory do not
change.
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8) XMA
Naming : Exchange Memory and Accumulator
Binary operating code :

0 . h| 2 3 4 5 ;] 7

Status : Set
Format @ I
Function @ M (X, Y} & Ace

{Description) The contents of the memory ad-
dressed by the X and Y registers are exchanged with
the contents 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 contents can then be returned to the accumulator
at the next XMA instruction.
9) LYC
Naming : Load Y-Register from Immediate
Binary operating code :

0 1 2 3 4 5 & 7
T T T T T T
0 1 0o o0 c
— 1 M5B
Status : Set
Format : III

Operand : Constant0 = | {c) = 15
-Function I Y « | (c)

{(Objective} This loads a constant to a register. In an
ordinary usage example, Y is set in a specified RAM
word address, an address for a selected output line is
specified, or a carrier signal to output from the QUT
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 ¢
field of the instruction to the Y register.

10} LYCIY

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

Binary operating code :

a 1 2 3 4 5 B 7
T T T T T T
0 1 1 s) [
| 1 1 L | 1
LSB Msa
Status . Set
Format : 111

Operand : Constant0 = | (¢) = 15
Function : M(X{,Y) ~1(c), Y+~ Y + 1

BU2456/BU2458/BU2459
BU2460/BU2461/BU2462

{Description) A 4-bit value is transferred from the ¢
field of the instrtion and accumulated in the RAM loca-
tion addressed by the X and Y registers. Next, the con-
tents of the Y register are incremented by 1.

1) LXC
Naming ' Load X-Register from Immediate
Binary operating code

0 + 2 3 4 5 6 7
T T T T T

o 0 1 1 1 1 b

LSB IMSE.
Status . Set

Format @ 11
Operand : X field address 0 = 1 (b) = 1
Function : X+ | (b}

{Description) The constant value is loaded to the X
register. This is used to set the index of the desired
RAM page in the register. The b field of Bit 1 of the
instruction is loaded to the X register.

12) SEM
Naming : Set Memory Bit
Binary operating code :

0 __1 2 3 4 5 6 ¥
T T T T T T

0 0 1 1 c 0 b

[SB M5B
Status : Set

Format : 11
Operand : Biladdress 0 = | (b) = 3
Function : M (XY, b) 1

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

0\1I2I3I4|5 BIT

o 0 1 1 o 1 1]

LSB M5B
Status : Set

Format © 11
Operand : Bitaddress 0 = | {b) = 3
Function : M (X, ¥,b) « 0

{Description) In accordance with the selection of
the b field of the instruction, the first bit of the four bits
is setin the addressed RAM memory as a logic of 0,
depending on the contents of the X and Y registers.
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14) ™
Naming : Test Memory Bit
Binary operating code .

0‘1|2‘3|4‘5 SIT

9 o 1 1 1 0 b

LSB MSB

Status : To status of comparison results
Format : I
Operand : Bitaddress 0 = | (b) = 3
Function : M (X,Y,b) < 17
ST+ 1 {whenM (X, Y,b) =1)
ST+~ 0(whenM (X, Y, b) =0)

{Objective) This test to see whether the logic of the
selacted memory bitis 1, and sets the status based on
the result of the test.

15) BR

Naming : Branch on status 1

Binary operating code :

[t] ' 1 2 : 3 4 5 6 7

1 4] w
1 ] ] I I

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 — I (W)
fST=0,PC+PC+1,3T +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 normally conditional,
based on the status.

Dif the status is “Reset” (the logic is 0), the next se-
guential instruction is executed, rather than the pro-
gram being executed in the correct sequential order.
@t the status is “Set" (the logic is “17}, 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 addressis on a

different RAM page. The type of branching carried cut
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 -

0 1 2 3 4 5 6 7
T | N R B B

1 1 w
I L I 1 1 1

Status : Sets the status after executing the instruction,
conditicnally, depending on the status

Format © IV
Operand : Subroutine code less | (W)
Function : ‘
If ST =1, PC + | (W} PA «~ FPB
SR1+—PC+1 PSR1+~PA
SR2 « SR1 PSR2 < PSR1
SR3 +~ SR2 PSR3 — PSR2
fST =0, PC+~PC+1 PB «— PA, ST +1

Note: In actuality, PC has a pseudo-random counter in relation 1o the
nénd instruction.

{Description)
@®In 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.
(Dif the status is “Reset”, loading does not take ptace.
(@If the status is “Set”, loading is carried out correctly.
Because the subroutine stack (SR) has three levels,
subroutines can be handled on up to three levels.
Long subroutine 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).
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17} RTN

Naming : Return from Subroutine
Binary operating code :

0 t 2 3 4 5 ¢ 7

Status : Set
Format : I
Function : PC + SR1 PA, PB + PSR1
SR1+8R2 PSRA1 «— PSR2
SR2+— SR3 PSR2 ~ PSR3
SR3 < SR3 PSRAR3 «~ PSR3
ST+~1

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

{Description) Infarmation 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 : L.oad Page Buffer Register from Immadiate
Binary operating code :

i) 1 2 3 4 5 ] 7
T T T T T T
] V] 0 1 -]
1 1 1 1 | 1
I3z W58
Status | Set
Format - IT1

Operand : ROM page address 0 = | (b) = 15
Function : PB + | (¢}

{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 PB registeris loaded in accor-
dance with the four bits from the ¢ field of the instruc-
tion.

19) AMAAC

Naming : Add Accumulator to Memory and Status 1
on Carry

Binary operating code :

0 1 ; 2 . 3 4 5 2] 7

BU2456/BU2456/BU2459
BU2460/BU2461/BU2462

Status : Carry to status
Format @ I
Functions @ Acc —~ M (X, Y) + Acc
ST « 1 (when total > 15)
ST + 0 (when total = 15)
{Description} The ontents of the memory location
addressed by the X and Y registers 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 contents of the memory do not change.
20) SAMAN
Naming : Subtract Accumulator to Memory and Status
1 not Borrow
Binary operating code :
V] . 1 . 2 . 3 4 5 6 7

Status  Carry to status
Format : I
Functions :
Acc — M (X, Y} - Acc
ST+—1(whenA=MXY)
ST +—0(whenA > M (X, Y)).
{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 X and Y registers, with the re-
sults being accumulated in the accumulator. If the val-
ue in the accumulator is smaller than the memory
word, or is equivalent to it, the status is “Set”, to indi-
cate that a borrow operation was not carried out. If the
value in the accumulator is larger than the memory
word, a borrow operaticn occurs, and the status is re-
set to 0.

Initial conditions
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21) IMAC
Naming : Increment Memory and Status 1 on Carry
Binary operating code :

0 1 2 3 4 5 & 7

Status : Carry to status
Format @ I
Functions :

Acc «— M (X, Y) + 1

ST+ 1 (when M (X, Y) Z 15)

ST+ 0 (when M (X, Y) < 15)

(Description) The contents of the memory ad-
dressed bythe X and Y registers are read out. “1” is
added to this word, and the result are accumulated in
the accumulator. 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 and Status 1 on Not
Borrow
Binary operating code .
[¢] 1 2 3 4 5 6 7

Initial conditions

o 0o 1 0o 1 ¢ 1 o

Status : Carry to status
Format : I
Functions :
Acc+—M(XY)-1
ST~ 1 (whenM{X, V)= 1)
ST—0(whenM (X Y) =0)
{Description} The contents of the memory ad-
dressed by the X and Y registers are red out. “1" is
subtracted from this word (F1 addition), and the results
arg accumulated in the accumulator. The carry in-
formation is sent to the status as the result. If the
memory is greater than 1, the status is “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

} Initial conditions

Status . Set

Format : I

Functions © 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 .

[¥] . 1 . 2 3 4 5 ] 7

Status . Carry to status
Format : I
Functions : Y « Y + 1
ST+ 1 {(whenY & 15)
ST+ 0{whenY < 15)
(Description) "1"is added to the contents ofthe Y
register, and the result is 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”.
25) DAN
Naming : Decrement Accumulator and Status 1 Bor-
row
Binary operating code :
Q 1 e 3 4 5 & 7

Initial conditions

Status : Carry to status
Format : I
Functions : Acc + Acc-1
ST+ 1 (when A £ 1)
ST« 0 (when A = ()
{Descrition) “1"is subtracted from the contents of
the accumulator (Fw addition). If a borrow operation is
carried out, the status is reset to a logic of 0. If the con-
tents of the accumulator are greater than 1, no borrow
operation is carried out, and the status is setto 1.

ROHNM an
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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 I 1
Functions : Y <Y -1
ST+ 1 (whenY = 1)
ST—o(¥Y=0)
(Objectivey Thissubtracts only “1” from the contents
of the Y register. -
{Description) "1” is subtracted from the contents of
the Y register. 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 | <] 4 5 6 7

Initial conditions

Status . Set

Format @ 1

Function : Acc +— M (X, Y) & Acc
{Description} An exclusive logical OR is carried out

onthe contents of the memory addressed by the X

and Y registers and the contents of the accumulator,

and the results are accumulated in the accumutator.

28) NEGAZ

Naming : Negative Accumulator and Status 1 on Zero

Binary operating code :

0 . 1 2 3 4 5 ] 7

. Status : Carry to status
Format : 1
Functions :
Acc — Acc + 1
ST « 1 (when A = 0)
ST « 0 (when A is not equal to Q)

Initial conditions

{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 1 2 3 4 5 6 7

Status : Carry to status
Format : I
Functions : Acc =M (X, Y)

ST« 1 (when Acc = M (X, Y))

ST « 0 (when Acc <=M (X, Y))
{Description) The value in the accumulator is sub-

tracted from the contents of the memory location ad-
dressed by the X and ¥ registers, using complement
addition. The carry information is sent to the status as
the result. A status of 1 indicates that the value in the
accumulator is less than or equal to the memory word.
Neither the contents of the memory nor those of the
accumulator change.
30) ALEC
Naming  Accumulator Less Equal Immediate
Binary operating code :

4] 1 2 4 4 5 h:] 7

Status : Carry to status
Format : III
Operand : Constant value 0 = | (c}) = 15
Functions : Acc = }(c) 7
ST « 1 {when Acc = | (¢))
ST « 0 (when Acc > | {c))
{Objective} This compares the contents of the accu-
mulator and the constant value arithmetically.
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{Description) The value in the accumulator is sub-
tracted from the constant (which is in the ¢ field of the
instruction), using complement addition. The carry in-
formatton is sent to the status as the resuilt. 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 :

0 . 1 2 | 3 4 5 B 7

Status . Comparison result to status
Format i 1
Functions : M (X, Y) =07
ST« 1 (when M (X, Y) = 0)
ST+ 0 (when M (X,Y) =0)
(Objective) ‘This compares the memory word to 0.
(Description) The contents of the memory ad-
dressed by the X and Y registers are compared log-
ically 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 :
o 1 2 a 4 5 & 7

Status : Comparison result to status
Format : I
Functions - Y == Acc ?
ST « 1 (whenY == Acc)
ST« 0 (when Y = Acc)

{Objective) This comparesthe contents oftheY
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”.

BU2456/BU2458/BU2459
BU2460/BU2461/BU2462

33) YNEC
Naming ' Y-Register Not Equal Immediate
Binary operating code :

0.1 .2 3 4 5 8§ 7

Status : Compariscn result to status
Format @ III
Operand : Constantvalue 0 = 1(¢) = 15
Functions - Y # 1 (¢} ?
ST+ 1 (whenY = | {c))
ST« 0 (whenY = {c)}

{Description} The constant in the Y register is
compared logically to the four bits in the ¢ field of the
instruction. The comparison result is sent to the status.
If the erand 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 :

] ' 1 ' 2 | 3 4 5 ] 7

Status . Status set only if comparison results do not
match

Format @ 1

Function : When Ko ~ Ka are not equal to 0, status is
set

{Objective} This tests to ses whether or not Ko ~ Ka
are 0.

{Description) The data in Ko ~ Ka are compared to
0. The comparison information is sent to the status. if
data which is not 0 has been input, the status is set.
35) LAK
Naming : Load Accumulator from K
Binary operating code :

0 | 1 . 2 . 3 . 4 5 & 7

Status : Set
Format @ I
Function @ Acc + Ko ~ Ka
{Description) The datain Ko ~ K» are sent to the ac-
cumulator.
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36) RNEZ

Naming : R Not Equal Zero

Binary operating code :

0 1 2 3 4 5 8 7

Status : Status setonly if comparison results do not
match '

Format : I

Function : When Rs ~ Ro are not equal to 0, status is
set ‘

{Objective) This tests to see whether or not R ~ Ro
are 0.

{Description; The data in Rs ~ Ro are compared to
0. The comparison information is sent to the status, If
data which is not 0 has been input, the status is set.
37) LAR
Naming : Load Accumulator from R
Binary operating code :

0 1 . 2 . 3 4 5 ] 7

Status . Set

Format : I

Function . Acc «+— Ra ~ Ro
{Description) The datain Ra ~ Rp ara sent to the

accumulator.

38) SEO

Naming : Set Output Register Latch

Binary operating code :

1] . 1 2 . 3 4 5 6 7

Status . Set

Format @ 1

Function : S(Y) «~ 1 o=Y=7
OUT <1 (CMR = 5) Y=8
So ~ 87 +— 1 (High-2) Y=9
R(Y) — 1 AHEY = Dw
RA ~ Rp +—1 Y =En

So~S7,Ra~Ro+~1 Y = Fn

{Objective)
When 0 =Y = 7, this sets one S output line to a logic
of 1.

When'Y = 8, the OUT output pin alternates between
HIGH and LOW at the carrier frequency.

When Y = 9, this sets the So ~ S7 output line to a logic
of 1.

When An = Y = Du, this sets one R outputline to a
logic of 1.

When Y = Eu, this sets the Ra ~ Ro outputlinestoa
logic of 1.

When Y = Fu, this sets the So ~ 57 and Ra ~ Ro output
lines to a logic of 1.

{Description) When the content of the Y register are
between 0 and 7, the contents of the Y register select
the appropriate S output (So ~ S7).

When the contents of the Y register are 8, the OUT out-
put port is selected.

When the contents of the Y reqgister are 8, So ~ Srare
all selected. ‘

When the contents of the Y register are between An ~
Dw, the contents of the Y register select the appropriate
R output (Ra ~ Ro).

When the contents ofthe Y register are En, Ra ~ Rp
are all selected.

When the contents of the Y register are Fu, S0 ~ S
and Rs ~ Rop are all selected.

39) REO

Naming : Reset Output Register Latch

Binary cperating code :

1] ; 1 2 . 3 . 4 5 6 7

00 0 0 1 1 0 o0

Status : Set

Format @ I

Function: S(Y) —0 o=Y=7
OUT <0 Y=8
So~Sr+0 Y=9
R(Y)~0 A=Y =Dwu
Ra~ Ro+ 0 Y =En

So~8,Ra~Ro+~0 Y=Fn

s ROHM



Communication ICs

BU2456/BU2456/BU2459
BU2460/BU2461/BU2462

{Objective)
When 0 = Y = 7, this sets one S output line to a logic
of 0.

When Y = 8, the OUT output pin is set to 0.

When Y = 9, this sets the S0 ~ 87 outputlinesto a
logic of 0.

When Ax = Y = DH, this sets one R outpine to a logic
of 0.

WhenY = Ew, this sets the Ra ~ Ro cutput linestoa
logic of 0.

When Y = Fu, this sets the So ~ Sz and Ra ~ Ro output
lines to a logic of 0.

(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 (So ~ 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 ~ Sz are
all selected.

When the contents of the Y register are between An ~
D, the contents of the Y register select the appropriate
R output (Ra ~ Rb).

Whaen the contents of the Y register are Ex, Ra ~ Ro
are all selected.

When the contents of the Y register are Fu, So ~ 57
and Ra ~ Ro are all selected.

40) WDTR

Naming : Watch Dog Timer Reset
Binary operating code :

Q . 1 . 2 . 3 4 5 ] 7

Status : Set
Format & I
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.

41) HALT
Naming : HALT

Binary operating code :

0|1 2|34587

o 6 0 0 06 1 1 ©
1 i} —l | ] I ]
Status : Set
Format : I

Function : Implements the HALT function

{Objective) This stops oscillation and sharply re-
duces the amount of current consumed.
{See Chapter 1, section 1-7, HALT Function.)
42) CMS
Naming : Carrier Mode Set
Binary operating code .

1] 1 2 3 4 5 ] 7

Status : Set
Format @ 1
Function : CMR + Y ‘
{Description) This selects the carrier signal output
from the OUT output port.
43) NOP
Naming : No Operation
Binary operating code :
0 1 2 3 4 5 6 7

Status © Set
Format : I
Function : No operation
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@Development support systems

(1) Software support (RDS-BU2)

In order to facilitate software development with the
BU2458 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. Personal computer system (RDS-BLU2)

The personal computer systemn requires the ability to
run MS-DOS * as the operating system (OS). A sample
system configuration is shown for reference in Figure
17.

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 madified. 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. BUS2458 instruction library

This can be used by including the BU2458 macro li-
brary in the general-purpose cress-assembler PRO-
ASM-IT **,

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

(D Host computer

*  MS-008$ is a reglstered trademark of Microsaft Gorporation.
* % PROASM-Il is a registarad trademark of Kyoto
Microcomputer CO., Ltd.

—r @PX-1

(® Printer

@ PKW - 1000

I 1 FRR AT T

@ Host computer (PC9801, PC286 or aquivalent) @ ROM emulator (PX-1)

@ Printer (PC-PR201, UP-130K or equivalent) ® CRT (PC-KD853 or equivalent)

@ PROM writer (PKW-1000)

Fig. 17
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(2) 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

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

Operation  |Operand field| Comment
field field

Label field

These fields must be lined up in the configuration
shown above.

Blanks are used as delimiters between fields. Conse-
quently, the next field begins with the first character fol-
lowing the blank. The first character in a lakel or opera-
tion field must be an English alphabetic character.
Also, if the first column is blank, it indicates that the la-
bel field is not limited.

Figure 17 shows an example of a source program, and
Figure 19 shows an example of the assembly output
for this program.

1. Labelfield

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 between 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 between an operation code
and an operand.

4. Comment field

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

INCLUDE BLI2458. LIB

ORG $000
LXC
LYC

AAA LMCIY
YNEC
BR
END

§OOOO

Fig. 18 Example of source program

IAS0 Ver.2.08{C) 1985 by IWASAKI / K.M.C PAGE 1

1 0000 INCLUDE BU2458. LIB
2 0000 tist

3 0000 ORG  $000

4 Q000 3C + LXC 0

50001 40 + LYC 0

6 0003 680 + AAA LMCIY O

7 0007 50 + YNEC O

8 o00f 683 + BR AAA

9 0011 END

No Fatal error(s)

Fig. 19 Example of assembly output

{3) Hardware support

The following hardware support systems are available,
to make it faster and easier to develop target systems
for the BU2458 series.

1) BU2494 (Evaluation chip for the BU2458 series)

1. Overview

The BU2494 is an IC designed for evaluation of the
BU2458 series of 4-bit, single-chip microcomputers.
Basically, it is configured of the same IC chips as the
BU2458, 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 BU24568 series for the target sys-
tem,

Therefore, incorporating the BU2494 and the EV2418B
evaluation board with the externally attached program
memoery into user system makes program and system
debugging easier.
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2. Features

@Emulation of the BU2458 series of 4-bit, single-chip
microcomputers is enabled.

@The system is configured of a CMOS processor
which allows comprehensive evaluation of the BU2458
series.

@The instruction system is the same as that of the
BU2458 series.

3. Block diagram

@External attachment of a program ROM (2732, 2764,
27128, or 27256) on the BU2494 enables the system to
be handled just like the BU2458 series,

@®Using the PAc ~ PAs and PCo ~ PCs which control
up to 1024 words of ROM addresses (8 bits/word) and
the ROM data outputs lo ~ Ir enables linking with an
external program ROM.

[RPua~-reuo-—— Ra~-AD ] [Rrica~prcn] [knco-kiea] [ ko—ks | Fsoossocr ][ so~s7 |[ our |[ outz |
ﬁ ¥ 147 2
HALT CTL CARRIER
A - Latch §-Latch || GEN.
i . wp 1 ¥
tpoo~pcslPao~Pas] [ 1017 |— vy
" T2 8 DECODER |4 *175] 16word X 2page X 4bit
T I
£6 4 3 ~ X-BREG 1 MUX
stack || sTAck ]
JLEVEL || SLEVEL MU 4 4
\
B 4 af
7 )
INSTAUCTION 8 1a
DEGODER
HALT Y - REG Y
[osc1 |+ ¢
osc
osCz_ -
‘ WATCH
RESET DOG
TIMER
I S a1 [wor Jows I e J[mw ]
Fig. 20

4. Pin assignments (pin functions)

Ly

s =SS

HAL ~ERRERS b—PG2
—PC1
GND 2 F— PCQ
10 g X
1 7 F—ACCO
12 2] e AT
13 B [ A2
] }0 -*-*o <
-
121} Buzaos =W
17 13 F—Y2
RHGA 14 —
RHGE 1 Fe—
RHGC 1 - H
RHCD 17 Fa—
08 =118 [ BiE
oy
UE 20 | ]
HD 21 57
A 22 po- 56
HE fe— 55
A d 54

Pins without
names are not connected.

5. External dimensions {Unit: mm)

18.0+0.3
ES

3

9

E0Fave

52
of|

Z0
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6. Description of pin functions

Pin Name 1o Function
Voo Used to connect 2.0 V ~ 4.0 V power supply.
GND Reference voltage for all inputs and outputs {0 V).
i Input Manual reset input. Setting this pin to LOW initializes the S output port and seis the ROM address to
0 page, 0 address.
KO~K3 Input 4-bit input ports. Internal pull-up resistance. Setting this pin to LOW cancels the HALT function.
(The HALT cancel function can be set using the KHC pin.)
80~87 Output | Each of these can be set and reset independently (or all at once). The output format is Nch open drain.
ouT Output Remote control signal cutput port which can be used fo drive large currents. The output format is
s CMOS output {output HIGH current side). .
Inout A ceramit resonator is connecled between this pin and OSC2. There is internal feedback resistance
0sct npu batween this pin and 0SC2.
08z Quiput | A ceramic resonator is connected between this pin and OSC1.
KHCO~3 nout The HALT cancel function is turned on and off by means of the K and R input to these pins. Setting these
RHCA~D P pins to HIGH makes the HALT cancel function effective based on the corresponding K and R input,
HALT Input External HALT input; however, HALT activation using an instruction takes precedence.
¢1, 42 Qutput | Timing signal outputs
AQ~A3 Output | These are used to output the accumulator contents.
YO~Y3 Qutput | These are used to oulput the contents of the Y register.
Vopz - Power supply for interface block with EPROM. A power supply of 4.5 ~ 5,5 is connected.
R Inout Walchdog timer mode setting pins. Setting these to LOW initiates a reset of the timer using the OUT
P signal.
WwDT Output | Monitor output for the reset signal of the watchdog timer.
PC0O~5,PAO~3| Output | These are used to output addresses to an external EPROM.
10~17 Input These are used to input data from an EPROM.
RA~RD Input/ | These are 4-bit input/output ports. Internal pull-up resistance (set via the RPU input). Setting these
output | ping to LOW cancels the HALT function. (The HALT cancel function can be set using the RHC pin.)
Port status setting pins for S6 and 87 in HALT mode. Setting these pins to HIGH outputs a LOW state
SOC6.80CT | Input | ke in HALT mode.
ouT2 Ouiput | Signal output pin for signal output from the OUT oulput port, excluding carrier signals.
X0 QOutput | This outputs the contents of the X register.
RPUA~D Input Setting these pins to HIGH sets internal pull-up resistance for the corresponding R input/output port.

7. Absolute maximum constants (Ta=25C)

Item Symbol Maximum rating Unit
Power supply voltage Voo —0.3~7.0 \
Power dissipation Pd 700*1 mw
Operaling temperature range Topr —10~+70 c
Storage temperature range Tsig —55~+125 c

* 1 Reduced by 7mW for each increase in Taof 1C over 25°C.
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8. Electrical characteristics (Unless otherwise noted, Ta = 25°C, Voo = 3.0V, Vooz = 5.0V)

Parameter Symbol Min. Typ. Max. Unit Conditions
INIT input current (HIGH) limr - 0.1 5 sA | Vi=Von
INIT input current (LOW) hur - 15 — A | Vi=GND
K input current {HIGH) lik - 0.1 5 pA | Vi=Vop
K input current (LOW) hik - 40 - uA | Vi=GND
K input voltage (HIGH) Virk 2.1 - 3 v —
# input voltage (LOW) Vi 0 - 09 v -
R input voltage (HIGH) ViHR 21 - 3 A —
R input voltage (LOW) Vin 0 - 0.9 v -
RHC input voltage {HIGH) Vikruc 2.1 - 3.0 v -
RAHC input voltage (LOW) ViLaHe 0 - 0.9 v -
RPU input valtage (HIGH) Vinreu 2.1 - 3.0 v -
RPU input voltage (LOW) Viapy 0 - 0.9 A -
KHC input voltage (HIGH) VinkHe 2.1 - 3.0 v -
KHC input voltage (LOW) Vioe 0 - 0.9 v -
R input current (HIGH) R - 01 5 HA | Vi=Vom
R input current (LOW) hem - 40 - uh | Vi=GND
R output voltage (LOW) Vour — 0.2 - v lot=1mA
R output leakage current In - - 5 #A | Vo =Voo, output Tr; OFF
X0 output voltage (HIGH) Vorxo -~ 25 - v lo,r=—1mA
XO output voltage {LOW) Vowxo - 0.2 - v loh=1mA
R/R input valtage (HIGH) ViHmm 2.1 - 3.0 v -
R/IR input voltage (LOW) Viar 0 - 04 v —
HALT input voltage (HIGH) ViHHALT 21 - 3.0 v -
HALT input voltage (LOW) ViLHaLt 0 - 0.9 v -
| input voltage (HIGH) Vi 35 - 5.0 v —
| input voltage (LOW) Vi 0 - 15 v -
KHC input current {HIGH) IHKHG - - 1 #A | Vi=Vonr
KHC input current (LOW)’ fikmo - - =1 uA | Vi=GND
RAR input current {HIGH) I - - 1 pA | Vi==Vppy
RAR input current (LOW) lrim - - —1 pA | Vi=GND
HALT input current (HIGH) Linary - - 1 #A | Vi=Vom
HALT input current {(LOW) hiHaLr - - —1 #A | Vi=GND
I input current (LOW) hut — - —1 #A | Vi=GND
PC, PA input voltage (HIGH) Vore - 25 - v lon=—1mA
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e -

‘Parameter Symbol | Min. | Typ. | Max. | Unit Conditions
PC, PA output voltage (LOW)} Vore - 0.2 - v lo,=1mA
.A output voltage {HIGH) Vorn - 25 - v loh=—1mA
A output voltage (LOW) Vo - 0.2 - v loo=1mA
Y output voltage (HIGH) Vouy - - 25 - v lohn==—1mA
Y output voltage (LOW) Vouy - 0.2 — v lo,=1mA
¢ output voltage (HIGH) Vou? — 25 — v lon=—1mA
¢ output voltage (LOW) Voo? — 0.2 - v lot=1mA
WDT output voltage (HIGH) VoHwoT - 25 - V| kh=—1mA
WODT output voltage (LOW) Vouwor — 0.2 - v lo.=1mA
S oulput voltage {LOW) VoLs - 0.2 - v loL==1mA
OUT2 output vollage (HIGH) Varoure - 25 - v lov=—1mA
QUT2 output voltage (LOW) VoLourz - 0.2 - v loo=1mA
SOC input voitage (HIGH) Viksoc | 0.7Voor - Vo v -
SOC input voltage (LOW) Visoc 1] - 0.9 A -
OUT output voltage (HIGH) Vorout - 25 - v low=8mA
OSC2 output voltage (LOW) VoLose - 05 - v =160 A
0S5C2 output voltage (HIGH) Vorosc - 2.5 - v lon=160 x A
S output leakage current s - - 5 #A | Vo=Voni, output Tr: OFF
CUT output current (HIGH) lorour - 25 - #A | Vo= Vo, output Tr: OFF
- OSC1 feedback current losc - 3 - uA | Vosc = Vom
Static current bonsumption lopsT - - 10 MHA in standby state
Operating current consumption looop - 03 - mA | fck=455kHz
Operating frequency forr 300 - 1000 kHz -

2) EV2418B evaluation board for the BU2458 series

1.

Overview

The EV2418B is an evaluation board for use with
the BU2458 series of 4-bit, single-chip microcom-
puters. External attachment of a program ROM
(2732, 2764, 27128, or 27256) on the BU2494 eval-
uation IC provides the same functions as the
BU2458 series. This board can be used for system
debugging of target systems.

2. Basic specifications

@A PROM is used as the program memory (2732,
2764, 27128, 27256, or equivalent).

@A power supply of 5V is supplied to the PROM, while
power is supplied to the BU2494 from the target sys-
tem.

@Input and output specifications are basically the
same as those of the BU2458 series.

@The instruction system is the same as that of the
BU2458 series.
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@Operation notes

1 Initial reset circuit

(1) Using the internal Power On Reset circuit

The BU2458 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. For information on
the characteristics of the reset signal timing, please re-
fer to Figure 23.

(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 Cs 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 400

BU2456/BU2458/BU2459
BU2460/BU2461/BU2462

k). When the power is turned on, the integrated wave-
form of the power supply rise waveform is input
through the TNIT 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 Fis
an approptiate value for Co.

o |1

L

—T—

Powar on / reset clreuil

Fig. 23 Initial reset circuit

2. Oscillation circuit

Attaching an external ceramic (crystal) resonator be-
tween OSC1 and OSC2 enables configuration of a ce-
ramic (crystal} osciltation circuit. In order to minimize
effects on the board wiring and other elements, the

resonator should be placed as close to OSC1 and
0S5C2 as possible.

The circuit shown in Figure 24 can be used by using a
mask option (internal capacitor).
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a8t O5C2 0sc1 oscz
Ci Ce
777 777
Circuit A Circuit B
Fig. 24 Example of oscillation circuit {configuration)
a : Precautions regarding oscillation when the power
is turned on
The setting should ensure that the valid TNIT signal may occur. Generally, crystal resonators have a
is longer than the power supply and oscillation rise longer rise time than ceramic resonators, so spe-
times. i operation begins before the oscillation rise cial caution is required Iif using a crystal resonator.

time has been completed, arroneous operation

Supply voltage

Oscillation wave

Voo

Minimum operalion voltage

.

Voo

o

Osclilation stable time

i Oschlation unsiable time

INIT valid ime {more than 4 machine cycles)

Fig. 25 Power supply waveform when power is tumed on
{expanded on time axis)
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Pracautions regarding oscillation when HALT is
cancelled

When a HALT state is cancelted, oscillation is re-
sumed. At this point, in order to assure sufficient
time for the osciliation to stabilize, the BU2458 se-
ries is provided with an internal wait timer (6144 ef-
fective clock pulses/fosc) based on the hardware
counter. During that period, no clock pulses are
supplied to internal circuits, so no program execu-
tion is carried out. Consequently, input which is
faster than the wait timer timing cannot be read.
The oscitlation rise time varies depending on the
type of resonator used. Please consult the
manufacturer of the resonator for specific time in-

formation.

fosc=400kHz

BU2456/BU2458/BU2459
BU2460/BU2461/BU2462

¢ . 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
certain circuit and 'constant.

Prod. No. Maker Circuit | Osc. constant | Power supply voltage range
CSB400P Murata Mfg. - 2.0~4.0
KBR400BK70 Kyocera 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 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 A - 2.0~40
FCR455K3 oK A - 2.0~4.0
EFO-A-455K04A Matsushita Electric A — 2.0~4.0
tosc=480kHz
Prod. No. Maker Circuit | Osc. constant | Power supply voltage range
CSB48B0OE Murata Mfg. A — 2.0~4.0
KBR480BK70 Kyocera A — 2.0~4.0
FCR480K3 TDK A - 2.0~4.0
EFO-A-480K04A; Matsushita Electric A - 2.0~4.0
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Prod. No. Maker Circuit | Osc. constant |Power supply voltage range
CSB432E Murata Mig. A - 2.0~4.0
fosc=320kHz
Prod. No. Maker Circuit | Osc. constant | Power supply voltage range
C Murata Mfg. B C1=100pF .0~4,
SB320D ¢ (Note) |  C2=100pF 2.0~4.0
{Note) An Internal capacitor and external capacitor are required.
4 : Precautions regarding setting of mask options
Whan setting the mask options for the BU2458 series,
the following precautions should be observed.
a . Pull-up resistance put signal

[}

d.

When pull-up resistance is used as input, always
use the internal pull-up resistance (Y), or make
sure that a HIGH or LOW state is input from an ex-
ternal source.-An unstable level can cause erro-
neous operation because of noise and other prob-
lems, as well as increased current consumption.

: HALT cancel function

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

A HALT state can also be cancslled 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
function (see above) has been set (for example,
with remote control transmitters), select (A), which
produces a LOW state.

This ensures that the HALT state will be cancelled.
(The pin.will be LOW regardless of the program.
However, the state is maintained internally, so re-
covery occurs 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).
Resetting the watchdog timer using the OUT out-

5

In applications where the OUT output signal is out-
put periodically, such as in a remote control trans-
mitter, selecting (Y}, which resets the timer, can be
used effectively. ‘
If (N) is selected, so that the timer is not reset, the
program must be designed so that the WDTR
instruction is executed periodically (within 2 13 ma-
chine cycles).

; Capacitors for ceramic resonator circuits
Select whether the capacitor is internal {Y) or not
{N), depending on the resonator and oscillation cir-
cuit being used.

. Caution when developing programs

When developing programs for the BU2458 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 soft-

ware.)

CAL CLA IYC LAK LMAIY
LYA LYM LAM NOP  RTN
SED. REQO HALT WDTR LAY
LMA 1A DAN DYN LAR
LXC CMS

(Note) Of the instructions listed above, those requiring

operands must have appropriate values adde
as the operands. ‘
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L.

b:

6:

The following instructions should not be used as
program start addresses (PAGE = 0, PC = 0).
BR SEO RED CAL RTN

: When the OUT port is HIGH output

@I Y - REG = 8, the SEQ instruction shcould not be
executed,
(ZDo not execute the CMS instruction.

Precautions when evaluating programs

Mass-produced chips can produce operations equiva-
lent to those of evaluation chips {evaluation board :

241

88), but the table below lists differences between

the two. If evaluation chips are being used, avaluation
should be carried out keeping these items in mind.

BU2456/BU2456/BU2459
BU2460/BU2461/BU2462

Also, other fundamental characteristics are similar, but

a sample should be used and testing carried outon -
mass-produced boards, to make sure the characteris-
tics of final attachment circuits and other components
match.

Class lern Mass-produced chips (BU2458 series) Evaluation chip (EV2418 evaluation board)
Kinout HALT cancel function can be selected HALT cance! function can be selected individually for each bit by setting
" individually for each bit, using mask option. | HALT cancel function, using satting switches (KHCO ~ KHC3).
S output Output state for S6 and S7 in HALT state | Output for S6 and 87 in HALT state can be selected using ouiput state
can be selected, using mask opfion. setting switches (SOCB, SOCT).
L]
2 HALT cancel function can be selected HALT cancel function can be selacted individualy for sach bit by setting
§ individually for each bit, using mask option. HALT cancet funclion, using setting switchas (RHCA ~ RHCD),
¢ | Rinputioutout
8 Pull-up resistance can be selected Pull-up resistance can be selected individually for each bit by setting pul-
g individually for each bit, using mask option. up resistance sefing switches {(RPUA ~ RPUD),
Oscillaion circu Oscillation capacitor can be added between | Supported by two types of evaluation chips (imemal oscillation capacitor
iaion Gircu GND pins, using mask oplion. usediot usad).
Function to reset watchdog timer (WDT) WDT rosel using OUT oulpul can be selected. using WDT setiin
WDT using OUT output can be selected, using | guihes (HnHB).g » USg 9
mask option.
Resat ciroui Internal Power On Reset circult :&;‘g;‘a’ Power On Reset circuit. (External capacitor must be
8 [Power to EPROM supplied from separate power supply (5 V)]
% Connected to 2.5 ~ 4.0 V power supply.
% Power supply Connected 1o 2.0 ~ 4.0 ¥ power supply [Used with single powar supply]
a ’ Usable voliage range for EPROM must be taken into consideration. Be
J- aware that current consumplion increases.
(%)
S Oscillation circuit can be configured by -Mc::nling oeramic resonakor enables confguralion of oscllation circut on
= ; . evaluation board.
§ 0SG putoutput mounting ceramic resanator. (OSC pin on emulation cable side s open)
Note) The wiring capacitance and other charactenistics are different from those of boards configuring the oscillation circut,
50 the cscillation of mass-produced boards must be evaluated.
Carrier signals are synchronized to rise of QUT | Short pulse may be output from carrier when QUT output rises.
output.
g OUT output m
Synchronized to SEO Not synchronized to SEQ instruction
SEQ executed irstruction SEQ executed
486 RONM
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7 . Application circuit example
This shows a typical application exarmple using the BU2458 as a base chip in a remote control encoder.

BU2456/BU2458/BU2459
BU2460/BU2461/BU2462

Fig. 26 Application circuit example (64-key remote contrel unit)

The following is a guide to peripheral circuits (A to E in the above diagram}.

A; Power supply clrcuit {page 37)

B: Inifial reset circuit (page 31)

C; Oscillation circuit (pages 31 ~32)
D: Infrared LED drive clrcult  (pages 37 ~ 38}
E: Key scan cireuit (pages 38)

(Note) There are no RC or RD pins in the BU2461 and BU2462,

osct [ —f——— |
20
05C2 T— .
R2
A1
out HE—HAM,
"
vop |2 i i
1 - |-
TNIT | =] !SI
=1t ||
anp |2 -l 1‘
| \ !
[.Co_|L_C& |
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@ Operation notes

BU2456/BU2458/BU2459
BU2460/BU2461/BU2462

Although the appiication circuit example shwon above is tecommendable, it is requested that the circuit charac-
teristics should be confirmed carefully, When using the circuit with the external circuit constant changed, consider
the marginal difference of the static characteristics and transient characteristics about the attachments including

Rohm ICs.

Please note that we have not confirmed about the patent.

A [ Power supply circuit
If large current flows to the circult, 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 powsr supply voltage range.
To suppress fluctuation in the power supply voltage
"and assure stable cperation, an electrolytic capacitor
should be connected bhetween VDD 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 should be provided, with
the appropriate value being determined through ex-
perimentation. If it is not possible to attach a farge ca-
pacitor sufficiently close to the IC pin because of the
mounting space or other considerations, a smaller ca-
pacitor (0.01 ~ 0.1 x F} 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.

LED : SIR-565B
Tr: 25C2673R
thee=180~-390)

Fig. 27 Example of CUT pin attachment circuit

The following show examples of how the various constants in the circuit in Fig. 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-565B as the LED, at Voo = 3V, designing
a circuit with atarget value of leo = 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
lour is determined as shown in equation {(1).

KX heo
hee

lour =

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

5 X 700mA
270

= 13mA

lour =

Caution s 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 Von and a Tr
base — emitter voltage of Vee, resistance Ri is deter-
mined by equation.(2).

Ri = Vorn — Vee -
lout

In equation (2), if Vo = 2,2V (at lour = 13mA ! see Fig-

ure 8) and the Ve of Tr = 0.8V, the following equaticn

results.

R1 — 22_08

preveve iy 107.7 (Q)

As aresult, a value of R1 = 110 (Q) is appropriate. (At
this point, it is assumed that lour will fluctuate between

BU2456/BU2458/BU2459
BU2460/BU2461/BU2462

12.5mA and 14.0mA because of fluctuation of the IC.)
¢ : Setting Rz '

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

Rz = Voo — VF — Vaar ‘ e (@)

lLep
In equation (3}, if Vear = 0.25V and Vr = 1,65V (see the
specifications for Tr and LED), the following value re-
sults.

Re= 30—1.65—0.25

700 X 103 =187(0)

Based on this result, Rz = 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 circuitis configured as shown in Figure
28. (S output - Kinput)

RAry }*

Vik

TrisONduring key scanning T s s

Fig. 28 Key scan circuit (equivalent clrcuit when key switch is ON)
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BU2456/BU2458/BU2459
BU2460/BU2461/BU2462

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

If a material with high ON resistance {R«v} such as con-
ductive rubber is used as the key switch, the input volt-
age Vik to the K (R) pin will only drop as far as differen-
tial voltage between Rkv + Rn 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 Rk stays lower than the value indi-
cated below.

(Rxv 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 Bv  { Rkr and Reu :

K = Rxv+Rn
Reu+Rkr+Rn

Riv X Voo
Rru+ Ry

XVop= XVoo * ¢+ (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 .

Vik = Rer

X Voo = Ve (Max.)
Rru + Rky

] (5)
In equation {5), a worst-case scenario is assumed in
which Reu will be the minimum value {see specifica-
tions), so the setting range which determines Rk is as
follows :

Rir = Reu (Min.) X Vi = 60k X 09 . a57 (Q)
Voo — Vi 3—09 )

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 fail 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
delay timing {a and b in Figure 29) of the finished pro-
gram must be within 200 us. {Rohm key scan pro-
grams are standardized to that timing.)
S output ’

--=-+ S gutput waveform
— Measgurad waveform

Fig. 29 Key scan signal and input timing
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@Electrical characteristic curves
{Data indicate typical values and not guaranteed (rated) values.)

(uh)
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OUT OUTPUT L-CURRENT : loian {mA)
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_ BU2460/BU2461/BU2462
|
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Notes

The contents described in this catalogue are correct as of March 1997.

No unauthorized transmission or reproduction of this book, either in whole or in part, is
permitted.

The contents of this book are subject to change without notice. Always verify before use
that the contents are the latest specifications. If, by any chance, a defect should arise in
the equipment as a result of use without verification of the specifications, ROHM CO., LTD.,
can bear no responsibility whatsoever.

Application circuit diagrams and circuit constants contained in this data bock are shown
as examples of standard use and operation. When designing for mass production, please
pay careful attention to peripheral conditions.

Any and all data, including, but not limited to application circuit diagrams, information, and
various data, described in this catalogue are intended only as illustrations of such devices
and not as the specifications for such devices. ROHM CO., LTD., disclaims any warranty
that any use of such-device shall be free from infringement of any third party’s intellectual
property rights or other proprietary rights, and further, assumas absolutely no liability in the
event of any such infringement, or arising from or connected with or related to the use of
such devices.

Upon the sale of any such devices; other than for the buyer’s right to use such devices
itself, resell or otherwise dispose of the same; no express or implied right or license to
practice or commercially exploit any intellectual property rights or other proprietary rights
owned or controlled by ROHM CO,, L.TD., is granted to any such buyer.

The products in this manual are manufactured with silicon as the main material.

The products in this manual are not of radiation resistant design.

The products listed in this catalogue are designed to be used with ordinary electronic equip-
ment or devices (such as audio-visual equipment, office-automation equipment, communica-
tions devices, electrical appliances, and electronic toys). Should you intend to use these prod-
ucts with equib}nent or devices which réquire an extremely high level of reliability and the
malfunction of which would directly endanger human life (such as medical instruments, trans-
portation equipment, aerospace machinery, nuclear-reactor controllers, fuel controllers, or oth-
er safety devices) please be sure to consult with our sales representatives in advance.

Notes when exporting

- It is essential to obtain export permissicn when exporting any of the above products
when it falls under the category of strategic material (or labor) as determined by foreign
exchange or foreign trade control laws.

* Please be sure to consult with our sales representatives to ascertain whether any prod-
uct is classified as a strategic material. '




