Communication ICs

Microcontroller for battery chargers
BU3451

The BU3451 is a 4-bit single-chip microcontroller developed for charging circuits. It is equipped with analog and
comparator inputs, and can be used for charging control of various types of batteries with very few attachments,

@Applications
Controllers using A/D, such as battery chargers

@ Specifications g
Series BU3451 E’
Program memory (ROM) {bytes) 2048 :’E;
Data memory (RAM) (bits) 96X4 g
Subroutine nesting levels 3 E
Instruction sets ' 38
QO ports *1 4 .
Input ports *2 4
Large current outputs 4 §
Analog inputs 4 'E
Analog reference inputs 1 §
Instruction cycle (us) 168 (foso=3.58MHz) E
Power supply voltage (V) typ. 5 g
* 1 The format of the /O clreuit can be selected using the mask option. (See /0 Circult Formats.) v":)
% 2 Standby function provided {See Descriptlon of HALT function.) '4§ ]
o
®Features 2
1) Equipped with 38 types of instruction sets. 10} Comparatorinput (CMP) ................ 1ch
2) High-speed instruction execution time (machine 11} Internal Power an reset
cycle) of 1.68 us (3.58MHz, 5V). 12} Internal chopping wave generator for A/D con-
3)ROM ... 2048 X 8 bits version (constant current source)
4) RAM (general-purpose) .............. 96 X 4 bits Adding an external capacitor to the Cour pin en-
5) Subroutinenesting ..................0.s 3 levels ables chopping wave voltage to be generated
6) nputs (PIX) ..........0 ot 4 with a high level of precision. Software proces-
7) Inputs/outputs (PIO). .................ooe... 4 sing enables A/D conversion of analog input volt-
8) Large current outputs (POX : LED direct drive) .. 4 age. ‘
9) Analoginputs (ADI) ...................... 4ch 13) Watchdog timer can be built in (mask option)
14) Ceramic oscillation pcssible
15) Operating frequency ............ 0.3 ~ 4.2MHz
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@Absolute maximum ratings (Ta=25C)

Parameter Symbol Limits Unit
Applled voltage Voo —0.3~7.0 '
Power dissipation Pd 450%* mw
Storage temperature Tsra —55~125 T
Input voltage VN —0.3~Voo+0.3 Y
Output voltage Vout —0.3~Voo1+0.3 3

* Reduced by 4.5mW for sach increase in Taof 1°C over 26°C.

@®Recommended operating conditions (Ta=25C)

Parameter Symbol Limits Unit
Power supply voltage Voo 4.0~6.0 v
Input voltage (HIGH) * ViH 0.7Voo~Voo v
Input voltage (LOW)* Vi 0.0~0.3Voo v
INTT input voltage (HIGH) VIH N 0.75Vob~Vop v
INIT input voltage (LOW) ViL i 0.0~0.25Vop v
AlN input voltage Viaw 0.6~Voo—1.2 v
CMP input voltage Vicwp 0.6~Voo—1.2 V'
Operating terperature Torr —25~B5 c

# OSGC1 pin and INIT pin not included.

538 ROMM
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@Block diagram
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@Block diagram
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@Pin description
Pin Neame 1o Function Status at reset | Status in HALT mode
Voo - Used to connect 4.0 V ~ 6.0 V powar supply. - -
| GND - Reference voltage for digital input/output (O V). - -
AGND - Reference voltage for analog input (0 V). - -
_ INIT Manual reset inpul. Internal PUR*. Setting this pin to
INIT Input | LOW sets the ROM address to O page, 0 address. - -
- 4-bit input ports. _ _
PIO~PI3 Input Internal PUR *.
4-bit inputfoutput ports. Output is Peh open drain output, Input is enabled Hi-Z or LOW
PIO0~PIO3  (Inputioutput| when the varicus outputs ars LOW or Hi-Z. The mask option can be used outout -
1o select whether or not PDR* is to be used for each individual bit. P
POO~PO3 Output 4-bit large-current Nch open drain outputs. The mask option can be used Hi-Z or HIGH
to select whether or not PUR* is to be used for each individual bit. output -
ADIO~ADI3 Input Analog inputs. Switching the: four inputs is done via the ADIQ selected _
program.
Analog reference voltage input; used with comparator _
CMP Input operafion, Mot selected
cout Output | A capacitor is connected between this and GND (to produce chopping waves). | LOW output -
0S8Ct Input | Clock generator input pin. - H
08C2 Output | Clock generator output pin. - H

- + No change in status (status maintained)

PUR¥  : Pull-up resistance
PDR* . Pull-down resistance

540
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@®Input/output circuits
Pin Name /8] 1/Q Circuit Notes
Vi .
g Hysteresis input
INIT Input Mi Internal pull - up
GND resistor
About.400kQ
GND
Von
‘:‘J g For pull-up
PIO~PI3 Input D [_| E: Internal MOS Tr
'L i About. 100k Q2
GND
Voo Voo Voo N
For pull-down
- "
PIOD~PIO3 Inputioutput Internal MOS Tr
About. 100k Q
GND GND GND !
Voo Voo
Large-current output
POD~PO3 Outout : For pull-up
- Internal MOS Tr
GND GND About. 100k Q
—E : <
ADIO~ADI3 Input ,:I f } Analog input
] B
_E : =
CMP Input D [—m—l Analog input
]

O ltems are mask options.
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@Input/output circuits

Pin Name o 14O Circuit Notes
Voo
Cour Output
P —
Cour
08C1 Input Internal MOS Tr for feedback
e Re o3 Af 1 About. 1MQ
[—& e
“ Internal damping resistance
08c2 Qutput Rd @ About. 1kQ

(O ltems are mask options.

542
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@Electrical characteristics {Unless otherwise noted, Ta=25C, Vop=5.0V)

Parameter Symboly Min. | Typ. | Max. | Unit Conditlons Measurement Girguit
INIT "H" input current e | =10 — [4+10] zA | Vi=Vo Fig.1
INIT"L" input current lur -6 | —11 | —20 | A | Vi=GND Fig.1
0SC1"M" input current hose | =10 | — | +10]| xA wm’:mmic oscillation Fig.1
nous _ —_— — Vi=GND .

08C1 "L" input current liLosc 2 5 10 | pA With ceramic oscillation Fig.1
C8C1 input current hose | —1.0| — |+1.0| gxA | With CR oscillation Fig.1
"H" input current W | =10{ — | +1.0| gA | Vi=Voo PIX Fig.1
"L" input current ' s =35 | —65 | —120| xA | Vi=GND PIX Fig.1
"L* output voltage Vo | — |025 ) 04 | v 'F‘,’BT('O'"A Fig.3
"H" output voltage Vou | 44 | 46 - v :3|H0= —1.0mA Fig.2
"H output current lw | —35 | —85 | ~120| uA g:g&“#’%{f:m"ce FOX Figd
" output current lo | 36 | 65 | 120 | #A glllttl;)&u_lll}tligv;r'l:remstance FIO Fig.5
Open drain output _ _ With no pull-up or pull-cown Fig.6
leakage current . 10 e #A resistance POX, PIO Fig.7
ADI input current oo | 10| — [+1.0| pA Fig.8
CMP input current lewr | =10 — | +1.0[ pA Fig.8
Comparator offset voltage Veorr | —10 | 0 | +10 | mV | Vn=06~38 (V) -
‘Triangular wave peak value vollage| Veeac | 38 | 89 | — | v -
%1 External C=0.1 uF

L ) Vogrr | 15| 0 | ~15( mv f=3.58MHz -
AD conversion difiererial error When using 11-hit precision program

L {ose=3.58MHz .
Operating circuit current looor | 0.3 0.8 20 [ mA Comparator stopped, ceramic oscillation Fig.10
Static circult current lopst | — — | +1.6| wA | InHALT mode (oscillation stopped) Fig.9
Operating frequency fox | 0.3 - 42 | MHz | External clock -
ONot designed for radiation resistance
i
NaHm 543
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®Measuremant circuits .
Fig.1 @ Input current (HIGH) :l;
measuremaent circuit
@ Input current (LOW) O g
measurement circuit —o_—®— P00
@ 0SG 1
GND

Fig. 2 Qutput voltage (HIGH) measurement circuit
{Output Pch - Tr: ON)

Voo

PID 0~3

GND

Fig. 3 Cutput voltage (LOW) measurement circuit
(Output Nch - Tr: ON)

PO 0~3

Fig. 4 Output current (HIGH) measurement circuit
(Output Nch - Tr: OFF)

PO O~3

GND

Fig. 5 Qutput current (LOW) measurement circuit

(Output Pch - Tr: OFF) Ve

PIO 0~3
v
GND
Fig. 6 Output leakage current measurement circuit 1 \_,,I;
(Output Pch - Tr: OFF)
PIO 0~3
GND
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®Measurement circuits

Fig. 7 Output leakage current measurement

circuit 2 (Qutput Nch - Tr: OFF) Voo

PIO 0~3

GND

T T

Fig. 8 ADI, CMP input current measurement
circuit

© ADI D~3
5 © (:) CMP

GND

Fig. ¢ Current measurement circuit

Voo
circuit stopped) (HALT mode
( PP ) ( ) 0sC osC 1
m--\lnn
~GND] 0SC2
300kHz external
osillation input GND

Fig. 10 Current measurement circuit 2

(circuit operating) & Ve
H IT O8C 1
e N
s]_.{ 08C2
fos0=3.58MHz GND
With ceramic oaclilation
C1=C2=83pF
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@Clock generator

The clock generator can produce oscillation either through a ceramic resonator or external input. If ceramic oscilla-
tion is used, clock signals are obtained through an internal feedback resistance and damping resistance, and an
external ceramic resonator and oscillation capacitor. (When selecting the ceramic resonator, please refer to the rec-
ommended valuss of the pertinent manufacturer.)

If clock signals are being input from an external source, they are input through the OSC1 pin, and the OSC2 pin is

left open.
08C1 osce 0SC1 osc2
O O
[| NG
Extarnat
I I Osclllation Clreuit
Ceramic oscillator external circuit External clock input circuit
<« Oseillation circult configuration example >
®Reset function

Two reset functions are available to initialize the CPU. When the CPLU! is Initialized, the program counter executes

instructions from O 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/fosc X 6)
If a reset |s 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 a
valid reset pulse is input while the power supply voltage is within the operating voltage range and the clock
oscillation has stabilized.

0.1pF

A

« Initial reset Circuit configuration example

5

% Capacitor value must be changed according to the rising time of power supply.
(The power supply rising time shown in the circult exampla is at 10 ms or less.)

{2) Reset using the power on raset circuit
the power on reset circuit is valid when the following conditions are satisfied. In this case, the external capaci-

tor on the INIT pin may be omitted.

Power on reset standard (Ta=25C, Voo=5 V, fck=3.58 MHz)

Parameter Symbol Min. Typ. Max. Unit Conditions
Power supply rise time tr — - 5 ms VMin.=2.5V
Rise time when interrupted tra - - 5 ms VMin.=2.5V
Power supply interrupt time tw 5 - - ms VMin.=2.5V

546 RAOHM
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Voo . \

90% 90%

VMin.

—=

«Power ON reset operation’®

@HALT function
By executing the HALT command, the microcontroller goes to HALT state.
* In HALT state:
1. Oscillation comes to a halt and current consumption is reduced to an extremely low level.
2. The watchdog timer (WDT} is reset.
3. Each output pin keeps the value it was at prior to HALT state.
When executing the HALT OFF function, the mask option can be used to reset any or all of the bits in PIX input.
When any of the PIX input settings is set to “L", the HALT state is canceled,
* When the HALT state is canceled: -
1. Segments with unstable oscillation {during ceramic oscillation) are disabled, for which reason regular opera-
tion does not resume until the wait timer has gone into operation and the effective clock is setto 1024 X 6.
2. When tha microcontroller returns to regular operation, the WDT resumes counting from 0.
However, the conditions for cancellation of HALT already exist when the HALT command is executed, the
microcontroller treats the HALT command as an NOP command, and does not enter HALT state.

@Watchdog timer

Using the mask option, a watchdog timer can be used for runaway monitoring. The watchdog timer is configured of
a 15-bit binary counter, and a clock signal of fosc/6 is input as the initial stage input. When this counter overflows, a
CPU reset signal is issued, and the system is initialized. The overflow detection time is set to 214/ PHYA (23ms at
4.2MHz ; PHYA = fosc/6), Normally, prior to the overflow of the binary counter, the Watch Dog Timer Reset (WDTR)
instruction must be executed in order to reset this counter.

Binary Counter (15bit)
PHYA RESET (Edge trigger}

Roset signal by command ~—'|\

«Watchdog timer block diagram>»

[/ CPU reset signal

RONM ' 47
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@Analog input

Analog input is used in A/D conversion and comparison of the voltage input through the analog input pins (ADIO ~
3). A/D conversion is carried out by a chopping wave voltage being created when the external capacitor on the Cour
pin is charged with constant current, and the voltage of the chopping wave is compared with that of the analog input
pins. The time from the beginning of charging to the point where the comparison results are inverted serves in rela-
tive terms as the input voltage and A/D conversion is carried out. The inclination of the chopping wave can be de-

termined by the external capacitor.

" —

Vapl

Ti T

Vapie= VX (T, / T)
Vrer @ Triangular wave peak value T : Time for reaching peak value
Vaor 1 Analog input valtage T+ Comparison result inversian time

& Relationship between triangular wave and analog input voltage >

548 ROEM
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| i) | L

| rern | | meam | | Ao ] [ memm ] [ apcr ]

ala 1o __ a[z 10 arez 1 o0 0

Correction
rasistor

Corraction
relerence voltage
380r20 (V)

[Mask optian]

>

< A/D convertor configuration diagram>»

[A/D conversion control register {(ADCR}]

Operating mode setting (Bits 2 and 3 of ADCR)

Analog input pin selection (Bits 0 and 1 of ADCR)
When reset, the AINO pin is selected at cperation stop.

AD conversion control register (ADCR}
bitd - | bit2 bitt | bit0

— Operating mode settings Selection of analog input pin

Operating mode settings (ADCR bit 2 and bit 3)
bit3 bit2 Operating mode Reference voltage
0 0 Qperation stoppad -
0 1 A/D converter mode Cout voltage
1 o] Comparator operating mode CMP voltage
1 1 Set-up mode for compensated resistance Cout voltage

Downloaded from Elcodis.com electronic components distributor

549

For battery chargers

Application-specific microcontrollers


http://elcodis.com/parts/6114129/bu3451.html

Communication ICs BU3451
L. |

Selecting analog input pin {ADCR bit 0, bit 1)

bit1 bitd ADI pin selection
0 0 ADI O
0 1 ADIA
1 0 ADI 2
1 1 ADI 3

[Correction resistance control registers (RCHH, RCRM, RCRL, RCRR)]

In order to compensate for inclination of the chopping wave, an internal resistance is provided which can be set via
the software (Bit 13). The resistance value can be selected within a range from around 60k Q to 260k Q in units of
25Q, centering around 160k (2. To set the correction resistance, the chopping wave is compared with the internal
comparison voltage. The comparison voltage used when setting the correction resistance can be specified as one
of two voltages, using the mask option.

Comparison voltages for correction resistance setting (Voo=5.0V)

Symbol Min. Typ. Max. Unit Conditions
A — 2.00 - v )
Set using mask option
B - 3.8 - Vv

Correction resistance control register H (RCRH).
Bits 0, 1, 2, and 3 are used to set the resistance value, based cn the correction resistance.
Correcticn resistance control register H (RCHAH).

bita bit2 | bit1 bito

— Setting of correction resistance

Correction resistance control register M (RCRM).
Bits 0, 1, 2, and 3 are used to set the resistance value, based on the correction resistance.
Correction resistance control register M (RCRM),

bita bit2 | bit1 bitd

Setting of corraction resistance

Correction resistance control register L (RCRL).
Bits 0, 1, 2, and 3 are used to set the resistance value, based on the correction resistance.
Correction resistance control register L. (RCRL).

bit3 bit2 | bit1 bito

— Setting of correction resistance

550 ROHM
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Correction resistance contro! register R (RCRR}

Bit 0 is used to set the resistance value, based cn the correction resistance.
Bit 1 is used to store the comparison results data (read only).

1

0

0 Vaor > Relerence voltage

Vaoi< Refarence voltage

Setting of correction resistance

Setting the correction resistance (set values)

BU3451

ACRH RCRM ,
bit3 bit2 bit1 bito bit3 bit2 bits bito
0 0 0 0 0 0 0 0 0
101215 50857 25337 12647 6324 3150 1569 792
RCRL RCRR
bit3 bit2 bit{ bit0 bito
[} 0 0 [} 0 0
1 410 204.5 102 68 34

Because an internal fixed resistance of 58275.06 Q2 is provided, the correction resistance will be the selected value
added to 58275.06 2. When a reset is carried out, each bit is reset to 0, and the correction resistance value is set to
58275.06 Q2. The various resistance values are used as the reference values.
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@Principle of A/D conversion
The A/D conversion circuit in the BU3451 is generally like that shown below.

- @% TOCPU

c Vadl; Analog input voltage

Fig. 11 A/D conversion circuit

The triangular wave is created by this constant current circuit and an external capacitor.

The time required to arrive at the internal reference voltage (Vref) is assumed to be T1, and the time required to
arrive at the anatog input voltage (ADI) is read as T2.

Based on this, the value of the analog input voltage in relation to Vref can be judged.

Voltaga V A\
Vra' e e L L rerrase e rrrmramretaraasrasT e s —armaran
. Analog Input voltage
Vadi 9
L
Time
T
T2 —
H
Comparator
comparison

L

Fig. 12 A/D conversion waveform

552 ROHNM
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@Constant current adjustment
In A/D conversion, the T1 time is determined by the program, based on the A/D resolution. Thus, before A/D con-
version is carried out, the triangular wave must be adjusted to the following inclination.

F 3
Voltage

viet |-

; L
| Time ©

T

The constant current section has a 13-bit weighting, and the inclination of the triangular wave is adjusted by the
program, by carrying out conversion 13 times.

Voltage
Iref Correction TO CPU a9
Vrat L R : :
Cout I . - Time

@A/ D conversion principle and constant current adjustment time

(1) Constant current adjustment time

In the constant current section, the resistance with the 13-bit weighting is set to the optimum resistance value. Spe-
cifically, conversion is being continually carried out to judge whether or not each of the 13 individual resistances is
valid. For this reason, a time period which is 13 times the A/D conversion time is required,

A/D resolution (bits) 8 9 10 11
Constant current adjustment time (msec) 54.9 139.8 279.6 559.1

(2) A/D conversion time

The program periodically checks the results of the comparison between the externat A/ D input and the intarnal
triangular wave, and reads the A/D count as the number of counts when the results are inverted (the A/D input
exceeds the chopping wave). For this reason, the time required for A/D conversion is as follows.

A/D resolution (bits) 8 9 10 11
Constant current adjustment lime {msec) 42 10.8 215 43.0

ROHM ' 553
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@External capacitor
The capacitance of the external capacitor is hased on the A/D resclution, as shown below.
A film capacitor should be used.

A/D resolution (bits) 8 9 10 11
Capacitance (nF) 8.2 18 33 68
@A/D error

The method by which A/D error for the BU3451 is calculated is shown below.

(1) The error for 1LSB is determined.
The error for 1LSB is determined using the following equation.

(Vref & corrected error) X (Vref error) X (power supply error)

1LSBerror = 2 (A/D resolution)

Vref . Reference voltage bulilt into the microcontroller (3.8V or 2}

Correction err : Error produced when correcting the internal correction resistance in the microcontroller.
+0.06%, -0% in relation to Vref {if REF = 3.8V, +2.28mV, -0V)

Vref error . Error for Viref (21.3%)

Power supply error . Power supply error applied to the microcoroller (7% (Ex. @ 3:4%))

A/D resolution . A/D resolution expressed as a number of bits (normally a value between 8 and 12 bits})

{2) Determine the A/D reading error in relation to the threshold value that has to be read. Determine the maximum
and minimalues for the A/D reading.

Max. = (thresheld valug) X (maximum value for 1 LSB) + (comparator offset) + (quantum error)

Min. = (threshold value) X (maximum value for 1 LSB) — (comparator offset) — (quantum error)

Threshold value . Threshold value specified by the microcontreller program (LSB value)
Max./Min./ values for 1LSB : Maximum and minimum values for the error of 1L.SB determined in step (1).
Comparator offset . Offset voltage of the comparator built intc the microcentroller (=10mV)
Quantum error . Error wh A/D conversion is carried out
The quantum error is as follows, depending on how ihe threshoeld value is
determined. :
How threshold value is determined Quantum error
Rounded off to upper value +1.-0LSB
Rounded off to lower value +0.-1LSB

Rounded off to whichever value is closer +0.5LSB

The resulis determined from steps (1) and (2) above serve as the A/D error for the microcontroller.
Please note the precautions on the following page concerning this procedure.

554 ROHM
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@Application example BU3451

-j— : - O Test mode Plo . -

) : /‘ O Battery 1 attach Bl 1 PO 1
l _O/O Battery 2 attach Pl2 poo |_Trickle charge LED

] : ~ O Charge switch : PIa Voo +

Rapid charge LED

keca -
Inttial charge control cutput P0G Cour
Repld chargs control dutput PIO 1 ADI3 ‘ Voltage?
Trickle charge controt cutput
PIO 2 ADI2 J&———- Voltagel
Adaptor switchi ———
Optor ewliching output PIOS AD fe— Gurent Cea 22
3—' IT— 0sC1 ADI O Tomp
 m—
3—-—-' 'L osCe CMP J&—————— External reference valtage
GND AGND -
71:/ keza
Fig.13 Application exampla showing use in battery charger
@Precautions

(H
(2)

(3)

(4)

In actual use, the tolerance range for the thresheld value sheuld be determined based on this result and the
error up to the point of microcontroller input.

The power supply error in step (1) is produced because the microcontroller Vref is configured of the resistance
divisions of the power supply. If the power supply error is such as the A/D input is the same as Vref, the power
supply error should be ignored. Foer instance, this applies in cases where the battery thermistor is used and the
divided resistance value is used for the A/ D input.

The error is the absolute value from the equations on the previous page. When determining an absolute valuse
(such as - 4V), the following should be ignered : the power supply error in step (1), and the comparator offset
in step (2). Also, the quantum error at this point will be +0/—1 LSB.

This error calculation does not include error based on leakage current from the capacitor. In order to minimize
influence from leakage current, a film capacitor should be used.

noHmMm 555
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@Electrical characteristic curves
: 100 _ 15

2 INT  Ta=25C [ PIX, POX Ta=25C PIO Ta=25C
- Input “L" Current — Voo=6(V) tnput “L" Current = Output “L" Current
% < E Vor=6{V)
EY 't £
ML AN = ™ 3
E = - g
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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 book 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, assumes 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., LTD., 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 preducts listed in this catalogue are designed to be used with ordinary electronic equip-
ment or devices {such as audio-visual equipment, office-autornation equipment, communica-
tions devices, electrical appliances, and electronic toys). Should you intend to use these prod-
ucts with equip'h'\ent or devices which require 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 permission 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.
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