To all our customers

Regarding the change of names mentioned in the document, such as Mitsubishi
Electric and Mitsubishi XX, to Renesas Technology Corp.

The semiconductor operations of Hitachi and Mitsubishi Electric were transferred to Renesas
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RenesasTechnology Corp. APPLICATION NOTE

M16C/62
C Compiler Startup Files for the M16C/62 MCU

1. Abstract

The following article describes the Startup files for Mitsubishi’s NC30 C compiler. A set of customized
Startup files is given for the M30624 version of the M16C/62 microcontroller.

2. Introduction

The Mitsubishi M16C/62 is a 16-bit MCU, based on the M16C CPU core, with an impressive list of
features including 10-bit A/D, D/A, UARTS, timers, DMA, and so on, and up to 256k bytes of user flash.
The M16C series is ideally suited for programming using the C language.

C compilers for microcontrollers typically require some sort of assembler ‘startup’ file to set processor
modes, initialize variables, and so forth. For the NC30 compiler, the startup file also includes section
information so the linker knows where, in physical memory, to put variables, constants, code, and so on.
The default files included with the NC30 are “ncrt0.a30”, the startup file, and “sect30.inc”, which give
section information.

3. NCRTO0.A30 Description

The NC30 compiler is shipped with a default startup file, “ncrt0.a30”. This file is a generic startup, which
was written for most of the M16C/60 and M16C/20 series microcontrollers. A customized startup file for
the M16C/62 is described in section 7.1.

After reset, execution begins with the code in this startup file. The stack pointer is set to point to a free
area in RAM, and the processor mode is set. C requires that all (global) un-initialized variables be set to
zero and initialize variables are copied from ROM into RAM.

4. SECT30.INC Description

The NC30 compiler is shipped with a default section definition file, “sect30.inc”. This file is a generic
section file for the M16C series and typically requires editing for the specific processor. A customized
section definition file for the M16C/62 is described in section 7.1.

The purpose of the section definition file is to set the location of the C language sections in the
microcontroller’s physical memory map. The information here is used by the linker to determine where to
put aligned variables (integers), non-aligned variables (characters), code (in ROM), interrupt vectors, and
so forth. Figure 1 is an example of a memory map for an M16C/62 program that used the customized
startup files. Note that the example program assumes the processor is operating in expanded mode with
external RAM at address 10000h and external ROM at 6000h.
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Address{size) Section

gepoaa(eaaLen) >

geeLaa(vaAA12) (D] data HE <«—— initialized integers, long integers

geey12(e@e010) |[D] bss HE <«———— un-initialized integers, long integers

gaeL22(008A81) ([D] data HO <«—— initialized characters

go0423(080081) |[D] bss HO <«—— un-initialized characters

008424(8080866808) [D] stack <——— RAM allocated for stack

8688a24(0068380) |[D] heap <“—— RAM allocated for heap

A88dZ24(BB52dc)

do6000{000002) |[R] rom HE <«— constant near integers, long integers

ge6082(00686861) ([R] rom _HO <«—— constant near characters

86083 (009 Fd)

g16600(8008082) |[DP] data FE <«—— farinitialized integers, long integers

g18ae2({008a882) (D] bss FE <—— far un-initialized integers, long integers

g18084(00BAB1) (D] data FO <«——— farinitialized characters

010005({800001) [[D] bss _FO <«—— far un-initialized characters

g18086(BbFFfa)

AdAanoa{ AAERA2) [[R] Fom FE <«——— far (default) constant integers, long integers

040002 (0068661) [[R] rom FO <«——— far (default) constant characters

adafa3{voan12 R] data HEI

ﬂdﬂﬂ15£ﬂﬂﬂﬂﬂ1; EH} data HOI \ This is the ROM area where 'initialized

0dAB16{ 8A00H2) [H] data FEI variables' are held and copied to RAM by the

6d0018(800861) [[R] data FOI +— startup program,

gg g‘?;zz ggg;;g; EE} ;:E;:::pt “— interrupt functions (code) stored here
<— program (code) stored here

BdB8F9(B1e787)

ggi ggg: ggggﬁg; [C] vector < variable vector table section

AFfBoaa(voeFfFdc)

giiigg(nﬂﬂﬂzl‘) [C] fuector € fixed vector table section

Figure 1. M16C/62 Memory Map of Startup Files

5. Automatic Installation
When starting a new project using “TOOL MANAGER” (Mitsubishi’'s development environment), the
project wizard will ask if you wish to have the default startup files copied into the project’'s working

directory. In order to have the project wizard copy the custom files instead, replace the default files with
the custom startup files in the directory:

c:\MTOOL\SRC30\STARTUP

This assumes that when you installed the compiler, the default directory c:\MTOOL was specified. It is
strongly recommended that you back up the default files first. Also, if you installed the development tools
from a “Starter Kit” CD, the custom startup files included with the kit will automatically be used.

6. References

® data sheets: 62aeds.pdf
® C Language Programming Manual: 6020EC.PDF
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7. Software Code

The software supplied by Mitsubishi Electric & Electronics USA, Inc. is intended and supplied for use on Mitsubishi
Electric products. This software is owned by Mitsubishi Electric & Electronics USA, Inc. or Mitsubishi Electric
Corporation and is protected under applicable copyright laws. All rights are reserved.

THIS SOFTWARE IS PROVIDED “AS IS”. NO WARRANTIES, WHETHER EXPRESS, IMPLIED, OR STATUTORY,
INCLUDING BUT NOT LIMITED TO IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE APPLY TO THIS SOFTWARE. MITSUBISHI ELECTRIC & ELECTRONICS USA, INC.
AND MITSUBISHI ELECTRIC CORPORATION RESERVE THE RIGHT, WITHOUT NOTICE, TO MAKE CHANGES
TO THIS SOFTWARE. NEITHER MITSUBISHI ELECTRIC & ELECTRONICS USA, INC. NOR MITSUBISHI
ELECTRIC CORPORATION SHALL, IN ANY CIRCUMSTANCES, BE LIABLE FOR SPECIAL, INCIDENTAL, OR
CONSEQUENTIAL DAMAGES FOR ANY REASON WHATSOEVER ARISING OUT OF THE USE OR
APPLICATION OF THIS SOFTWARE.

7.1 Customized Startup Files for the M16C/62

The following is a set of customized startup files for the M30624 MCU. Except for adding entries into the
interrupt vector tables, these files should suffice as-is for most applications. If using different versions of
the M16C/62, the ROM starting address will need to be modified.

B R R S S Sk S S R I S Sk S R R R G I b S S R R S ok b S S S R R

NC30 C COWPI LER for ML6C/ 60 and ML6C/ 20 series MCU s

Name: ncrt0.a30
description: Customi zed startup programfor the ML6C/ 62 (M30624)
m crocontroller using the NC30 conpil er. Prograns
conplied with this ;startup file will run under the
MBV1632 ROM Monitor or 'stand al one'.

Copyri ght 1995-2001 M TSUBI SH ELECTRI C CORPORATI ON

AND M TSUBI SH ELECTRI C SEM CONDUCTOR SYSTEMS CORPORATI ON AND
M TSUBI SH ELECTRI C AND ELECTRONI CS USA

Al Rights Reserved

$ld:

EE S O R R S o Sk S S R O b S ok S R R R I S S R R O S o O S S S R R S o S
1

.list OFF
.include sect30.inc
.list ON
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. Interrupt section start

.insf start,S0 ; for stkviewer (see Tool Manager and NC30 nmnual s)
.glb start
.section i nterrupt

pr ot ect .equ Oah

cnmD .equ 06h

cml .equ O07h

pri .equ O05h

; after reset, execution starts here

; Upon reset, the processor clock (bclk) is divided by 8 (f/8). The ROM Moni tor
;on the Starter Kit sets bclk to f/1. For consistent stand al one operation,
;beclk is set to f/1 here

start:

I dc #i stack_top,isp ;set istack pointer

nmov. b #03h, prot ect ;need to set protect register to operate on clock

nmov. b #08h, cnD ;mode and processor node registers

nov. b #08h, pml ; ROM Monitor sets this bit,set here for stand al one
;operation (allows use of all internal RAM & ROV

nmov. b #00h, prot ect

I dc #0000h, flg ;ensure using register block 0 and use ISP if no RTOS

I dc #stack_top, sp ;set if using an RTOS, has no effect otherw se

I dc #data_SE top,sb ;set sb register, for sb relative addressing

Idintb #VECTOR_ADR

nop ; Del ay before

fset i ;enabling interrupts

; Variable area initialization. This code uses nmacro's (see sect30.inc)
; for initializing C variables. Cears global variables,
; sets initialized variables, etc

N_BZERO bss_SE top, bss_SE
N_BZERO bss_SO t op, bss_SO
N_BZERO bss_NE_t op, bss_NE
N_BZERO bss_NO_t op, bss_NO
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N_BCOPY data_SEl _top, data_SE top, data_SE
N_BCOPY data_SO _top, data_SO top, data_SO
N_BCOPY dat a_NEl _top, data_NE_t op, data_NE
N_BCORPY data_NO _top, data_NO_ t op, data_NO

FAR area initialize.

BZERO bss_FE top, bss_FE
BZERO bss_FO top, bss_FO

BCOPY data_FElI _top, data_FE top, data_FE
BCOPY data_FO _top, data_FO top, data_FO

heap area initialize. Can be renpved if not using nenory allocate
functions

ssss355s

__msi ze

#(heap_t op&FFFFH), _ nbase
#(heap_t op>>16), _ nbase+2
#(heap_t op&FFFFH), __ mmext
#(heap_t op>>16), __ _mmext +2
#( HEAPS| ZEQOFFFFH), _ msi ze
#( HEAPSI ZE>>16), __ nsi ze+2

Initialize standard I/0O

.glb

_init

;jsr.a_init ;required if using I/O streamserial port driver

Call main() function

| dc

.glb
jsr.

a

#0h,fb ; for debugger on starter kit

_main
_main
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exit() function. This function is used in case of accidental return
frommain() or debuggi ng code could be placed here.

.glb _exit

.glb  $exit
_exit: ; End program
$exit:

jnmp _exit

dumy interrupt function. Used for all unassigned interrupts(see end
of sect30.inc.

dumy_int:
reit

.end

BRI Sk S S b S R R o Sk S T S S R R S S S R R R S o S R R S R R R S S R R b O O
1

sect30.inc : Cust om zed section and nmacro definitions for the M30624
(ML6C/ 62) mi crocontroller using the NC30 conpiler.

Description : This file is specific to the M30624 nicrocontroller and adapted
for use with the MBV1632 Starter Kit. UART1 interrupt
vectors are used for the Starter Kit debugger.

Copyri ght 1995-2001 M TSUBI SH ELECTRI C CORPORATI ON

M TSUBI SHI ELECTRI C SEM CONDUCTOR SYSTEMS CORPORATI ON AND
M TSUBI SHI ELECTRI C AND ELECTRONI CS USA

Al Rights Reserved.

$l d:

BRI o S Rk I R Sk b Sk R R b I R R S S R R I R S R R
1

HEEP SI ZE definition. Only used for menory allocate functions
(rmalloc, realloc, etc). If not required and need this RAM for other
usage, reduce the val ue of HEAPSI ZE.
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STACK Sl ZE definition. Unless the systemis running an RTGS, both
interrupts and function calls should use the istack only (default startup
configuration). If not required and need this RAM for other

usage, reduce the value of USTACKSI ZE.

| NTERRUPT VECTOR ADDRESS. do not set within a flash nmenory bl ock used by
t he ROM Moni tor.

VECTOR_ADR .equ 0Oef 000h

Initialize Macro decl arations. These nacro's are used in the startup
file (ncrto.a30)for initializing C variables. Cears global variables,
sets intialized variables, etc.
N_BZERO .macro TOP_ , SECT_

mov. b #00H, ROL

mov.w #(TOP_ & OFFFFH), Al

nmov. w #sizeof SECT_, R3

sstr.b

.endm

N_BCOPY . nmacro FROM , TO_, SECT_
mov. w #(FROM_ & OFFFFH), AO
nmov. b #(FROM_ >>16), R1H
mov.w #TO_ , Al
nmov.w #sizeof SECT_, R3
smovf. b
.endm

BZERO . macro TOP_, SECT_
push. w#si zeof SECT_ >> 16
push. w#si zeof SECT_ & Offffh
pusha TOP_ >>16
pusha TOP_ & Offffh

.glb _bzero
jsr.a _bzero
.endm
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BCOPY .nmacro FROM_, TO_, SECT_
push. w#si zeof SECT_ >> 16
push. w#si zeof SECT_ & Offffh
pusha TO_ >>16
pusha TO_ & Offffh
pusha FROM_ >>16
pusha FROM_ & Offffh

.glb _bcopy
jsr.a _bcopy
.endm

Speci al page definition. For defining routines or functions as
speci al page.

;macro define for special page

; Format :

SPECI AL nunber
SPECI AL . macr o NUM

.org OFFFFEH ( NUMF2)

.glb __ SPECI AL_@NUM

.word __ SPECIAL_@UM & OFFFFH
.endm

Section allocation. The follow ng declarations sets the location of the
sections in the physical nmenory map. DO not change these settings
wi thout refering to the NC30 nanual on startup files.

Near RAM data area

SBDATA ar ea

.section dat a_SE, DATA
.org 400H

dat a_SE top:
.glb __SB

__SB_: ; declare sb 'section' here
.section bss_SE, DATA, ALI GN

bss_SE top:
.section dat a_SO, DATA

AN-DECE-MCU-23-A February 2002 8



RENESAS M16C/62

RenesasTechnology Corp. C Compiler Startup Files for the M16C/62 MCU
dat a_SO top:

.section bss_SO, DATA
bss_SO top:

near RAM area

.section dat a_NE, DATA, ALI GN
dat a_NE_t op:

.section bss_NE, DATA, ALI GN
bss_NE_t op:

.section dat a_NO, DATA
dat a_NO_t op:

.section bss_NO, DATA
bss_NO _t op:

Stack area. If the USP is not required, and the RAM
allocated to the USP is needed, do not nodify the declarations
bel ow, Sinply set the USTACKSI ZE (above) to zero.

.section st ack, DATA
. bl kb  STACKSI ZE
stack_t op:

. bl kb | STACKSI ZE
i stack_top:

Heap section. If the heap is not required, and the RAM
allocated to the heap is needed, do not nodify the declarations
bel ow, Sinply set the HEAPSI ZE (above) to zero.
.section heap, DATA
heap_t op:
. bl kb HEAPSI ZE

Near ROM data area. For "near const".
By definition, Near ROMis all ROM bel ow address 10000h

.org 06000H; Exanple. External ROM | ocated at 6000h
.section rom NE, ROVDATA ; rom_NE, ROVDATA, ALI GN
.org 06000H; Exanple. External ROM | ocated at 6000h
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rom NE top:

.section r om_NO, ROVDATA
rom NO_t op:

Far RAM data area. For "far" int's char's, etc
By definition, Far RAMis all RAM above address FFFFh

.section dat a_FE, DATA
.org 10000H ; Exanple. External RAM | ocated at 10000h
dat a_FE_t op:
.section bss_FE, DATA, ALI GN
bss_FE_t op:
.section dat a_FO, DATA
data_FO t op:
.section bss_FO, DATA
bss_FO _t op:

.section rom FE, ROVDATA
;Qut of reset, the CO000h flash block (block6) is not visible until
;the pnl3 bit is set(see MB0624 spec's, Processor Mde Register 1)
; The ROM Monitor sets this bit, but for consistent stand al one
;operation, do not allow the reset vector to point to an address
; bel ow DO00ON.

.org 0d0000OH
rom FE_t op:

.section rom FO, ROVDATA
rom FO_t op:

Initial data of 'data' section

.section dat a_SEl , ROVDATA
dat a_SEl _top:

.section dat a_SO , ROVDATA
data_SO _top:
.section dat a_NEI , ROVDATA
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dat a_NEl _t op:

.section
data_NO _top:

.section
dat a_FEl _top:

.section
data_FO _top:

dat a_NO , ROVDATA

dat a_FEl , ROVDATA

dat a_FO , ROVDATA

swi t ch_t abl e, ROVDATA

.section
switch_table_top

.section

.section

.section
.org

i nterrupt
program

program.S
0f 0000h

speci al page code must be in the
address range of F0000h to FFFDCh

vari abl e vector section

For proper interrupt operation,

replace "dummy_int" with the assenbl er

| abel or absolute address of the interrupt service routine

.section

vect or

.org VECTOR_ADR

.Iword dumy_i nt
.org (VECTOR_ADR+16)
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dummy_i nt

vari abl e vector table

BRK (vector 0)

int3(for user)(vector 4)

timerB5(for user)(vector 5)
timerB4(for user)(vector 6)
timerB3(for user)(vector 7)

si/o4 /int5(for user)(vector 8)

si/o3 /int4(for user)(vector 9)

Bus col i sion detection(for user)(v10)
DMAO(for user)(vector 11)

DMAL(for user)(vector 12)

AN-DECE-MCU-23-A
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.Iword dummy_i nt
.Iword dummy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dummy_i nt
.Iword dumy_i nt

.l word Of ch6bh
.l word Of cbh6bh

.Iword dumy_i nt
.Iword dummy_i nt
.Iword dummy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt

Key i nput

A-D(for user)(vector 14)

uart2
uart2
uartO
uartO
uartl
uartl

timer
timer
timer
tinmer
timer

timer
timer
timer

transmt(for
recei ve(for user)(vector
transmt(for
recei ve(for user)(vector

user) (vector 15)

user) (vector 17)

interrupt(for user)(vect 14)

transmt-used by ROM Monitor(vector 19)
recei ve-used by ROM Monitor(vector 20)

AO(for
Al(for
A2(for
A3(for
Ad(for

BO( f or
B1(for
B2(f or

user) (vector
user) (vector
user) (vector
user) (vector
user) (vector

user) (vector
user) (vector
user) (vector

21)
22)
23)
24)
25)

26)
27)
28)

.Iword dummy_i nt
.Iword dumy_i nt
.Iword dumy_i nt

.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dummy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt
.Iword dumy_i nt

int0 (for
intl (for
int2 (for

vector 32
vector 33
vector 34
vector 35
vector 36
vector 37
vector 38
vector 39
vector 40
vector 41
vector 42
vector 43
vector 44
vector 45
vector 46
vector 47

user) (vect or
user) (vect or
user) (vect or

(for
(for
(for
(for
(for
(for
(for
(for
(for
(for
(for
(for
(for
(for
(for
(for

user or
user or
user or
user or
user or
user or
user or
user or
user or
user or
user or
user or
user or
user or
user or
user or

29)
30)
31)

MR30)
MR30)
MR30)
MR30)
MR30)
MR30)
MR30)
MR30)
MR30)
MR30)
MR30)
MR30)
MR30)
MR30)
MR30)
MR30)

fixed vector section
.section fvector fixed vector table
speci al page definition

Speci al

Unconment the proper

page functions can be specified
"#pragnma SPECI AL" directive and the macro defined above.
the macro.

l'ine belowto call

usi ng

AN-DECE-MCU-23-A
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See NC30 nmanual for nore information
SPECI AL 255
SPECI AL 254
SPECI AL 253

etc

SPECI AL 24
SPECI AL 23
SPECI AL 22
SPECI AL 21
SPECI AL 20
SPECI AL 19
SPECI AL 18

fixed vector section. The 7 or'ed val ues bel ow (comented out) are for
specifying the ID codes for serial 1/0O flash programi ng

(highest 8 bits of the vectors). See data sheets for

nore information. Current setting = all zeros by default.

The highest 8 bits of the reset vector is the parallel protection
‘register'. Caution! Setting these codes could result in |oss of

all flash programm ng. See MB0624 data sheets before operating

on these val ues.

.org Offfdch

ubl :

.Iword dummy_int ; | Off000000h
OVER_FLOW

.Iword dummy_int ; | Off000000h
BRKI :

.Iword dumy_i nt
ADDRESS MATCH:

.Iword dummy_int ; | Off000000h
S| NGLE_STEP:

.Iword dummy_int ; | Off000000h
VDT

.Iword dummy_int ; | Off000000h
DBC.

.Iword dummy_int ; | Off000000h
NM :

.Iword dummy_int ; | Off000000h
RESET:

.Iword start ; | Of f000000h

AN-DECE-MCU-23-A February 2002
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Keep safety first in your circuit designs!

* Mitsubishi Electric Corporation puts the maximum effort into making semiconductor products better and
more reliable, but there is always a possibility of trouble occurring. Trouble with semiconductors may
lead to personal injury, fire, or property damage. Remember to give due consideration to safety when
making your circuit designs, with appropriate measures such as (i) placement of backup, auxiliary
circuits, (ii) use of non-flammable material, or (iii) prevention against any malfunction or mishap.

Notes regarding this information

¢ This information is intended as a reference to assist our consumers in the selection of the Mitsubishi
semiconductor product best suited to the customer’s application; it does not convey any license under
any intellectual property rights, or any other rights, belonging to Mitsubishi Electric Corporation or a third
party.

* Mitsubishi Electric Corporation assumes no responsibility for any damage, or infringement of any third-
party’s rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

* Allinformation contained in these materials, including product data, diagrams, charts, programs and
algorithms, represents information on products at the time of publication of these materials, and is
subject to change by Mitsubishi Electric Corporation without notice due to product improvements or
other reasons. It is therefore recommended that customers contact Mitsubishi Electric Corporation or an
authorized Mitsubishi Semiconductor product distributor for the latest product information before
purchasing a product listed herein.

* The information described herein may contain technical inaccuracies or typographical errors. Mitsubishi
Electric Corporation assumes no responsibility for any damage, liability, or other loss arising from these
inaccuracies or errors.

* Please also pay attention to information published by Mitsubishi Electric Corporation by various means,
including the Mitsubishi Semiconductor home page (http://www.mitsubishichips.com).

* When using any or all of the information contained in these materials, including product, data, diagrams,
charts, programs, and algorithms, please be sure to evaluate all information as a total system before
making a final decision on the applicability of the information and products. Mitsubishi Electric
Corporation assumes no responsibility for any damage, liability, or other loss resulting from the
information contained herein.

* Mitsubishi Electric Corporation semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is potentially at stake. Please contact
Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product distributor when
considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

* The prior written approval of Mitsubishi Electric Corporation is necessary to reprint or reproduce these
materials in whole or in part.

* If these products or technologies are subject to Japanese export control restrictions, they must be
exported under a license from the Japanese government and cannot be imported into a country other
than the approved destination.

* Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country
of destination is prohibited.
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