To our customers,

Old Company Name in Catalogs and Other Documents

On April 1%, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http://www.renesas.com)

Send any inquiries to http://www.renesas.com/inquiry.
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12.

Notice

All information included in this document is current as of the date this document isissued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful atention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any lossesincurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the devel opment of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errorsin or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not bein any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances, machine tools; personal electronic equipment; and industrial robots.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physica injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as aresult of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sdes office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Technology Corp. product best suited to the customer's application; they do not convey any
under any intellectual property rights, or any other rights, belonging to Renesas Technology
a third party.

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of a
party's rights, originating in the use of any product data, diagrams, charts, programs, algorit|
circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, progr:
algorithms represents information on products at the time of publication of these materials, ¢
subject to change by Renesas Technology Corp. without notice due to product improvemen
other reasons. It is therefore recommended that customers contact Renesas Technology C
an authorized Renesas Technology Corp. product distributor for the latest product informatic
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss
from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.cc

4. When using any or all of the information contained in these materials, including product date
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a
system before making a final decision on the applicability of the information and products. F
Technology Corp. assumes no responsibility for any damage, liability or other loss resulting
information contained herein.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a c
system that is used under circumstances in which human life is potentially at stake. Please
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor
considering the use of a product contained herein for any specific purposes, such as appare
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater us

6. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduct
whole or in part these materials.

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

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

8. Please contact Renesas Technology Corp. for further details on these materials or the prodt
contained therein.

Rev. 4.00 Feb 24, 2006 page ii of xiv

RENESAS



For easy migration, the instruction set is upward-compatible with the H8/300H, H8/3(
H8/300L Series at the object-code level.

The H8S/2600 CPU is upward-compatible with the H8S/2000 CPU at the object-code
supports sum of products instructions.

This manual gives details of the H8S/2600 and H8S/2000 instructions and can be sue
microcontrollersin the H8S/2600 Series and the H8S/2000 Series.

For hardware details, refer to the relevant microcontroller hardware manuals.

Rev. 4.00 Feb 24, 2006
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Operand Format and
Number of States
Required for Execution

The number of states may differ depending on the
For details, refer to the hardware manual of the pi

question.

2.2.24 DAA 94 Table amended
Description C Flag Upper 4 Bits H Flag Lower 4 Bits Value
before before before before Added
_Adjustment | Adjustment | Adjustment | Adjustment |(Hexadecim
0 AtoF 1 Oto3 66
1 Oto2 0 Oto9 60
1 Oto2 0 AtoF 66
1 0to3 1 Oto3 66
2.2.37 LDMAC 130 Further explanation added to note
Operand Format and The number of states may differ depending on the
Number of States For details, refer to the hardware manual of the pi
Required for Execution question.
2242 (1) MULXS (B) 151
Operand Format and
Number of States
Required for Execution
2.2.42 (2) MULXS (W) 152
Operand Format and
Number of States
Required for Execution
2.2.43 (1) MULXU (B) 153
Operand Format and
Number of States
Required for Execution
2.2.43 (2) MULXU (W) 154

Operand Format and
Number of States
Required for Execution

RENESAS

Rev. 4.00 Feb 24, 2006



question.

2.3 Instruction Set 250, Note 7 amended and note 10 added
Table 2.1 Instruction ! :
Set 260 R
e ’ , States
262 i :
Mnemonic
H 3
"= 2
VES
-
V2 <
DAS DAS Rd H 1
MULXU | MULXU.B Rs,Rd 1 3(12+7)
L ra¥io
MULXU.W Rs,ERd 42007
Vo *a%10
MULXS | MULXS.B Rs,Rd T 4(13+7)
! sk
MULXS.W Rs,ERd V 5(21%7)
1 *5%10
H
\ No.of
! States*!
H
Mnemonic v
' o
o | B
VB 8
V5| s
» 2 <
MAC*® MAC @ERn+ @ERm+ ¢ 4
H
H
CLRMAC*®| CLRMAC 1 2%6%10
LDMAC™® | LDMAC ERs,MACH V 2%6%10
LDMAC ERs,MACL L 2%6*10
STMAC*® | STMAC MACH,ERd v 1r6%10
STMAC MACL,ERd T 1tk
H
\ No.of
1 States*!
H
Mnemonic H
. k-1
H 3
's 2
VE| S
V5| 3
4 <
TRAPA | TRAPA #x:2 :7[9]‘7 8[9]"”
T 5
RTE RTE v 5[9]7
H
H

Notes: 7. Values in parentheses ( ) are for the H8S
CPU. Values in square brackets [ ] apply to interru
modes 2 and 3.

10. The number of states may differ depending on
For details, refer to the hardware manual of the pro
question.

Rev. 4.00 Feb 24, 2006 page vi of xiv

RENESAS



Branch

Instruction  Address  Stack Byte Data
Fetch Read Operation  Access
Instrugtion, | Mnemomic o ieieneentd LU, AN S S
MULXS MULXS.BRs,Rd  H8S/2600 2 2
H8S/2000 2 1
MULXS.W Rs,ERd H8S/2600 2 3
H8S/2000 2 1
MULXU MULXU.BRs,Rd  H8S/2600 1 2
H8S/2000 1 1
MULXU.W Rs,ERd H8S/2600 1 3
____________________________ 82000 L
Branch
Instruction Address  Stack Byte Data
Fetch Read Operation  Access
Instruction,  Mnemonic o oicieanl s LIS Kb
STMAC’ STMAC MACH,ERd 1
STMAC MACL,ERd 1

Notes: 6. The number of states may differ depend
product. For details, refer to the hardware manual
product in question.

2.7 Bus States During 290 :M deleted from legend
Instruction Execution
Table 2.6 Instruction 293to  Allinstances of :M deleted from table
Execution Cycles 302
3.3.5 Usage Notes 312, Newly added
313

Rev. 4.00 Feb 24, 2006 |

RENESAS



Rev. 4.00 Feb 24, 2006 page viii of xiv

RENESAS



12
13
14

15

16

17

LT ITTITHILCO TTUNTT T TO/OUUTN T Ol U srrirnrsrsrsrsssrsssrsssnsssnsssnsssnsssnsssnsssnsssnsnsnnne,
CPU Operating MOUES........ccviieiieieeseesieeitsssee e e e ete e ssae e e e naesneesnee e,
AQArESS SPACE. ... ceieeeieeeite ettt st e e e re e nnrens
Register ConfigUIation.........c.ceieeririeneee ettt
1AL OVEIVIBIW. ..ottt sttt sb e e e e saeseesresae e e eneeean
142  General REGISIEIS. ...cccoiiiieirieieie ettt
1.4.3  Control REGISLEIS ....cccuveieeee e e ste e nnen
144 Initial REGISEr VAIUES.......cceeeeiee ettt e s
Data FOMMEALS......cueeieeeieeeit e r e
151 General Register Data FOrMALS........cccoererieiererieenienieesie et
152 Memory Data FOrMALS.........ccovrerieieeeiise e
INSEFUCLION SEL ...t sttt s re e ne e
1681 OVEIVIBW. ..ottt bbbt se b bbb ae e e
1.6.2 Instructionsand Addressing MOUES.........cccccueveeieereere e e,
1.6.3 Tableof Instructions Classified by Function ...........ccceceeeveceecinicniennen,
1.6.4 BasiCINStruction FOrMELS ........ccoveierineieeieeeeee e
Addressing Modes and Effective Address Calculation...........cccoecevvveieneeceens

Section 2 INStruction DESCIPLIONS.........c.veeeeereeeeeseeieeeeee oo

21

2.2

Tables and SYMDOIS.........cociiece e re s
2.1.1 Assembly-Language FOrmat..........cccoceeieiiriceeseeseeseeseese e s,
212 OPEIALION ..ottt b e ettt b e et e b e ne
2.1.3  CoNAitioN COUE......ccueiuiriereeie ettt e enesd
214 INSLrUCHION FOMMEL.........ooeiiirieieeeieie et e e
215 Register SPECIfiCatioN .......cccveciiiesiesi e,
2.1.6 Bit DataAccessin Bit Manipulation Instructions...........c.ccceevevevieennnnee,
INSLrUCLION DESCIIPLIONS......ceiiieieeeieeecteesie et et e snaesnaenreen
221 (1) ADD (B).coioieerieeeteieiete et sttt sttt sa st s enesresnese e
2.2.1(2) ADD (W) oottt sttt sttt se et sttt s ene st saene e
221 (3)  ADD (L) coererteeteieeieieeresiesees ettt e e see st s ne e enee
222 ADDS.....cce ettt nn s
223 ADDX .ottt bttt e
224 (1) AND (B).coeeerieieierieiete ettt sttt et st se st e ne e



2211 BIOR ittt a s,
P33 = 11 LN
P33 R = 1D (0 = SN
733 R = 1 o Y
73 3 LR = o ) SO
73 TR = (o S
P33 A = =
P T R = 1= = SN
P32 R = 11 EO O
P33 o R = 1 11 SO
33 s = (o S
337 o 1 =Y 1 R
33 LG IR V=T (=) P
2.2.23(2) CMP (W) eoooroeeeeeeeeeeseeeeeeeeeeeessesseessssessessessessssseeeesesssessseseesessssssseee
X L) RO (0 NN
P33 2 R oY
P33 LR oY =N
33 Y R ) = 0F () N
33 v R0 ) = o\ 1) N
X3 LN <) R 51 X (1)
2.2.27 (1) DIVXS (B) eeeeeveeeeresseeeeeeeeeeesesssesssesesseessessesseseesessssesssseesesessssssssnes
2.2.27 (2) DIVXS (W) eeeeveeeereseeeeseeeeeeesssseeeseeeessesseseessseeesesssessssseesesesssessssnen
2.2.28 (1) DIVXU (B) crvveereereeeeseeeseeeesesssesseseessesssessssseesssssssssssssssesesssssssesseses
2.2.28(2) DIVXU (W) covooreeeeeeeeeeeeeeesessseseeseessesssessssseessssssseessssssesesessssssssseees
2.2.29 (1) EEPMOV (B) .eourrveeerseeeeeeoesessseesssessseesessssssesessssssesesssssesssesssssssseees
2.2.29 (2) EEPMOV (W) ooovvveeeereeeeeeeeeeeeeresseesseseeseessesessssseesesssssssssessesesssessssnes
2.2.30 (1) EXTS (W) cooreeeeeeeeeeseeeeeeeeeeeesesssesssssessesseseesssseesessssesssssesesesssessssnen
2.2.30 (2) EXTS (L) eerereeeeeeeeeeersseeeeseeeeeesesssesssssessessssessssssessessssssssssesesssssssesssses
2.2.31 (1) EXTU (W) uerveeereeereeeeseseeeeeesesssesseseesseesessssseessssssssesssssssssesesssssssseees
2.2.31(2) EXTU (L) creerveeereeeeeeeesseeseeeesesssesseseessessessssseesssssssesssssssesessssssssseeees
32 7L R L LA (=) T
2.2.32(2) INC (W) cooooreeeeeeeeeeeseeseeeeeeeeesesssessseseeeesseseesssseeeseesssessssesessesseesssees

Rev. 4.00 Feb 24, 2006 page x of xiv
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2238  MAC.. et et et st saene e
33 N ) L L VA (=) N
2.2.39 (2) MOV (W) eoorreeeeeeeeeeeeseeseeeeeessesseseeseeesesessessesessesesssessseeeeeessseesseee
2.2.39 (3) MOV (L) ceoorreereeeeeeereseseeseeeeeeesssseesseseeesesessesssseesesesssesssseeeeessseesseee
2.2.39 (4) MOV (B) .eoorreeeeeeeeeeeseeeeseeeeeeesseseesessssseesessesssssssssssssssesssssessessseesseee
2.2.39 (5) MOV (W) weorreeeeeeeeeeseeeeseeeeeeesseseesessssseesessesssssssssssesssssssssesessseesseee
2.2.39 (8) MOV (L) weoorreeeeeeeeeoeeeseeseeeeeeesseseesessssseesessesssssssssssssseesssseesessseessees
33 N N L VA (=) N
2.2.39 (8) MOV (W) eorrreeeeeeeeeeeeseeseeeeeeessesseseeseeeesessssesssseesesesssesssseeeessssesseee
2.2.39(9) MOV (L) weoorreereeeeeeereseseeseeeeeesseseeesseeeesesessesssseesesessseesseeeeeessssesseee
33 T B V o V] = = o
33 AR V o VA 1 = =S
2.2.82 (1) MULXS (B) crreevvveeeeereseseeseeeeenessesessesssessessssesssssessssssesssssssssessseessees
2.2.82 (2) MULXS (W) e seeeeeesseseeseeeeeesessssesssseeseesesssessseesesessseesseee
2.2.43 (1) MULXU (B) rrervvveeeeeeeeeeeseeeeesessesseseseeeesessssesssseeseesesssessseeseessseesseee
2.2.43 (2) MULXU (W) rrrvveeeeeeeeseeseeeeeeesseseeeeeeeessessssesseseeseesssssessseeeeeessssesseee
X YN N 1= X (=) F o
XY o) R 1= X () N
XY ) 1= C X (T o
33 S N[0 = O
3TN G R (O LI (=) NN
2.2.86 (2) NOT (W) ceoorreeeeeeeeeeseeeseeseeeeeesssssesssseeesessssesssseesssessseesseseeeessssesseee
2.2.86 (3) NOT (L) wovorrereeeeeeeeeeeseseeseseesesesessessssssseessssessssssssssssssessssssessessssessees
P33y d ) O s X (=) T
2247 (2) OR (W) ovveeoreeeeeeeeeeeeeseseeseseesesssessessssseseessssesssseesssessessssesssessseessees
X v ) NS = () YN
2.248 (1) ORC oovvveeeoeeeeeeeeeeeeeeseeseeseeeeeeeeseseeessseeee e s ssssesesseeseesseseeesessesseee
2.2.48 (2) ORC oovvveeeeeeeeeeeeeeeeeseesseseeeeeeeesesseesssseeeeeeseessseeseseesseesseseeeeseseesseee
2.2.89 (1) POP (W) c.cooreeeeeeeeeeeeeseesesseesesssssessssseseessssesssssssssesssessssssesessseesseee
2.2.89 (2) POP (L) covoooreeeeeeeeeeeseseseesesseessesssssesssssessessssessssssssessssssssssssssessseesseee
2.2.50 (1) PUSH (W) 1.oeoeeeeeeeeeeeeseeseeeeesesseseeeesssessesessesssssessssssesssseseseessseessees
30N AR U n N (I o
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2.2.52 (4) ROTR (W) oottt sttt sesa s s,
357X () B L2 L () PO
357X (5 B L2 L () PO
2.2.53 (1) ROTXL (B) cvvveeereereeeeeeseeeeesseseseeesesessseeesessesseessssesseeesssseseeessssssseeseses
2.2.53/(2) ROTXL (B) crvvvereereeeeseeeseeeosesssessesesssessesssssesssssssssesssssssssessssssssssseees
2.2.53(3) ROTXL (W) coveoreereeeereeeeseeeesessseseessessesesessssseessssssssesssssssssessssssssseeees
2.2.53 (4) ROTXL (W) covoorreereeeerseeeseeeesessseseesessseeesessesseessessssesssssssssesssssssseseees
2.2.53(5) ROTXL (L) crvvvereereeeeeseeseeeeseseseeeeeseesseeesessesseesessesseessseesesesssssssseeseees
P ST (9 N LD T (1) O
3 T R =0 1 b N (=) J
2.2.54(2) ROTXR (B) cvvveoreereeeeseeeseeeesesssesssesessseessessssssesesssssesssssssssssssssssesssees
2.2.54(3) ROTXR (W) ovooreereeeeseeseeeeesessseeeeseessesssessssseesssssssesssssssesesesssssssseees
2.2.54 (4) ROTXR (W) vvoorerreeeeseeeeeeeesessseeeessessesssessssssesesssssesssssssssesessssssseees
P3RSV () R0 1 B a (1 JO
3 R T A (5 RO 1 B a (1 JO
7325 s N = 1 =T
73 s N = 1= T
2.2.57 (1) SHAL (B) creevveeereeeeeesseeseeeesesssessesesssessessesseesssssssesssssssesessssssssseseees
2.2.57(2) SHAL (B) creevveeereeeeeeeseeeseeeoesessseeeesssssessessssseesesssssesssssssesesssssssssseees
2.2.57 (3) SHAL (W) eooeeeeeeeeeeeeeeeeeeeeeseseeeeeeseeeeeeeseseesseeseseessee e seeeseesessse e
2.2.57 () SHAL (W) eoeoveeeeeeeeeeeseeeeeeeeseseseeeeseeeeeeseseesseeseeeesseeeseeeeseeeseesessee e
2.2.57 (5) SHAL (L) creevveeeeeeeeeeeeseeeeeeeeeseseeeeessseeeseesessesseessesesseeesseseseeessesessee e
2,257 (8) SHAL (L) crevrveeereereeeeseeeseeeesessseseesssssessessesseessesssssesssssssssesssssssssseses
2.2.58 (1) SHAR (B) evveeereeereeeeseeeseeeesesssessesesssesssessssseesesssssesssssssssesssssssssseees
RS LIRS T Na L (=) D
2.2.58(3) SHAR (W) .oveeeeeeeeeeeeeseeeeeoeseseeeeeeseeseeesessesseeesseeesseesseeeseessesesseeseees
2.2.58 (4) SHAR (W) .oveeoeeeeeeeeeeeeeeeeeseeeeeoeeseeseeeseseesseeseeeesseesseeeseeeseeseeseeseees
2.2.58(5) SHAR (L) croevvveeeeeeeeeseeeeeeeeeseseseeeseseesseesessesseeseseessesesseeeseeessssesseeseses
2.2.58 () SHAR (L) creevveeereeereeerseeeseeeesessseseesesssessessssseesesssssesssssssssessssssssseseees
2.2.50 (1) SHLL (B) reerveeereereeeeseseeseeeesesssesessssssessessesseesessessesssessssssesessssssesees
2.2.50(2) SHLL (B) revrvveereereeeeesseseeessesssesessssssessessesseesessssseesssssssssesessssssesees
2.2.50 (3) SHLL (W) coooveeeeeeeeeeeeeeeeeeeeseeeeeeeeseeeseeeeseeeseeseeeeeseessseeseeeeseseeseeeseee
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2.2.61 SLEEP . e
2.2.62 (1) STC (B) .eieeeerereeeeteiienietesienieiesieseeteste ettt st see et see e eseseeneee,
2.2.62(2) STC (B) .eieeeererieeetesienieiesienieieste st st st ste sttt sae e sbeseenesseseenene,
2.2.62 (3) STC (W) eeiueeierieeeie ettt sttt sttt et et seenene
2.2.62 (4) STC (W) eeeeetiiieeetesieeete et ste st st ese st e e stesaeseetesaesestessessesesaenene,
2.2.63 STIM e et ne s r e nenrean
2.2.64 STMAC .. ottt et se s e sesse e,
2.2.65 (1) SUB (B).eeieeterieeeiisienieiisiesieiesieseeseste et saenestesteessesaesesseseeseesessesene,
2.2.65(2) SUB (W) oottt sttt st sttt st ene st e
2.2.65(3) SUB (L) teiteeetirieietirienieiesieseeiesteseesesteseenesteseeestessesessesaesesseseesessessesenne,
2.2.66 SUBS ..ottt et n e r et nennenan
2.2.67 SUBX .ottt sttt sttt sttt ettt bt ne s n e aenennenan
2.2.68 172 TSRS
2.2.69 TRAPA et et
2270 (1) XOR (B) .iuireeteriereeiisierieiesie sttt sttt sttt seese st seesessesene,
2270 (2) XOR (W) ettt sttt sttt st sttt se et seene st sene
2.2.70 (3) XOR (L) tovereereiririeisiesieiesiesteeetesaesestesaeseesesaeseesesseseesessesaesessessesessesaene,
2271 (1) XORC..ooooeeeeeeeeeeeeeeeeeeeeeeseeeeeeeseeseeeseeesaeeseeesasessse s s sasnsssnsssnsnneen
2271 (2) XORC....i ittt s st ettt st sae e teste e tesae e etesseseesesaesaene,
2.3 INSITUCTION SBL ...ttt e
24 INSIPUCHION COOR.......eeeiieieestere ettt sr e b e
25  Operation COUE MaP......c.ccoeieeiee ettt e e se e e e teesae e aesae s e e saeesreereenreen
2.6 Number of States Required for Instruction EXeCUtion.............cccoocervvereneeeenenn
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111 Features
The H85/2600 CPU and H8S/2000 CPU have the following features.

» Upward-compatible with H8/300 and H8/300H CPUs
O Can execute H8/300 and H8/300H object programs
» General-register architecture
0 Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 3
registers)
» Sixty-nine basic instructions (H8S/2000 CPU has sixty-five)
O 8/16/32-hit arithmetic and logic instructions
O Multiply and divide instructions
O Powerful bit-manipulation instructions
0 Multiply-and-accumulate instruction (H8S/2600 CPU only)
» Eight addressing modes
Register direct [Rn]
Register indirect [@ERN]
Register indirect with displacement [ @(d:16,ERn) or @(d:32,ERn)]
Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]
Absolute address [ @aa:8, @aa: 16, @aa:24, or @aa:32]
Immediate [#xx:8, #xx:16, or #xx:32]
Program-counter relative [@(d:8,PC) or @(d:16,PC)]
Memory indirect [ @@aa.8]
* 4-Gbyte address space
O Program: 16 Mbytes
0 Data 4 Ghytes

OoOoooood
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L o4 = 10-bit reyglael-reyisiel divide, LUUU TS
» Two CPU operating modes
O Norma mode
0 Advanced mode
» Power-down modes
O Transition to power-down state by SLEEP instruction
O CPU clock speed selection

Note: * The maximum operating frequency and instruction execution time differ de
the product.

1.1.2 Differ ences between H85/2600 CPU and H8S/2000 CPU
Differences between the H8S/2600 CPU and the H8S/2000 CPU are as follows.

* Register configuration
O The MAC register is supported only by the H8S/2600 CPU.
For details, see section 1.4, Register Configuration.
» Badicinstructions

O TheMAC, CLRMAC, LDMAC, and STMAC instructions are supported only b
H8S/2600 CPU.

For details, see section 1.6, Instruction Set, and Section 2, Instruction Descriptic
» Number of states required for execution
O The number of states required for execution of the MULXU and MUL XS instru
For details, see section 2.6, Number of States Required for Execution.

In addition, there may be defferences in address spaces, EXR register functions, power
states, and so on. For details, refer to the relevant microcontroller hardware manual.
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LI INOrma mode Supports tne same b4-Koyile adaress Joace as the no/ouu LFU.
0 Advanced mode supports a maximum 4-Gbyte address space.
* Enhanced addressing
O The addressing modes have been enhanced to make effective use of the 4-Ghy
space.
* Enhanced instructions
Addressing modes of bit-manipulation instructions have been enhanced.
Signed multiply and divide instructions have been added.
A multiply-and-accumulate instruction has been added. (H8S/2600CPU only)
Two-hit shift and rotate instructions have been added.
Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.
» Higher speed
O Basic instructions execute twice as fast.

OoOoogogQg
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L AGvanced moae supports a maximum 4-Goyte dala a0aress Space.
* Enhanced instructions

g
O
g
O
g

Addressing modes of bit-manipulation instructions have been enhanced.

A multiply-and-accumulate instruction has been added (H8S/2600 CPU only).
Two-hit shift and rotate instructions have been added.

Instructions for saving and restoring multiple registers have been added.

A test and set instruction has been added.

» Higher speed

O

Basic instructions execute twice as fast.
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Maximum 64 kbytes, p
Normal mode h
and data areas combin

CPU operating modes }7

Maximum 16-Mbyte prc
area and 4-Gbyte data
maximum 4 Gbytes for
and data areas combin

—' Advanced mode

Figurel.l CPU Operating Modes
(1) Normal Mode
The exception vector table and stack have the same structure as in the H8/300 CPU.
Address Space: A maximum address space of 64 kbytes can be accessed, asin the H

Extended Registers (En): The extended registers (EO to E7) can be used as 16-hit re
the upper 16-bit segments of 32-bit registers. When En is used as a 16-hit register it c:
any value, even when the corresponding general register (RO to R7) isused as an addr
If the general register isreferenced in the register indirect addressing mode with pre-c
(@-Rn) or post-increment (@Rn+) and a carry or borrow occurs, however, the value
corresponding extended register will be affected.

Instruction Set: All additional instructions and addressing modes not found in the H¢
can be used. Only the lower 16 bits of effective addresses (EA) are valid.
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H'0003

H'0004 |

H'0005

H'0006 |

H'0007

H0008 |

H'0009

H'000A|

H'000B

el i

(Reserved for system use)  --- .
BN Exception

vector table

Exception vector 1 -

Exception vector 2 -

w/

Figure 1.2 Exception Vector Table (Normal Mode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instru
an 8-bit absolute address included in the instruction code to specify a memory operand
contains a branch address. In normal mode the operand is a 16-bit word operand, provi
16-bit branch address. Branch addresses can be stored in the top areafrom H'0000 to H
Note that this areais also used for the exception vector table.
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sp—

PC
(16 bits)

\\\\_d///////—s\\\

(8) Subroutine Branch

sp—

*2
(SP—)

EXR*L

Reserved™1*3

CCR

CCR™3

PC
(16 bits)

\/

(b) Exception Handli

Notes: 1. When EXR is not used it is not stored on the stack.

2. SP when EXR is not used.
3. Ignored on return.

Figure1.3 Stack Structurein Normal Mode

(2) Advanced Mode

In advanced mode the data address space is larger than for the H8/300H CPU.

Address Space: The 4-Gbyte maximum address space provides linear access to ama
16 Mbytes of program code and maximum 4 Gbytes of data.

Extended Registers (En): The extended registers (EO to E7) can be used as 16-hit re
the upper 16-bit segments of 32-bit registers or address registers.

Instruction Set: All instructions and addressing modes can be used.
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~ Power-on reset exception vector o
H'00000003
H'0o000004 | | Reserved |
~ Manual reset exception vector ]
H'00000007
H'00000008 _
71 > Exception vector
H'0000000B | o
(Reserved for system use)
H'0000000C | ]
H'00000010 [ Reserved |
7 Exception vector 1 o

Figure 1.4 Exception Vector Table (Advanced M ode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instru
an 8-bit absolute address included in the instruction code to specify a memory operand
contains a branch address. In advanced mode the operand is a 32-bit longword operand
a 32-bit branch address. The upper 8 bits of these 32 bits are areserved area that is reg:
H'00. Branch addresses can be stored in the top area from H'00000000 to H'000000FF.
thisareais also used for the exception vector table.
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sp—

Reserved

- - - - PC _————
(24 bits)

\/\

(a) Subroutine Branch

sp—

*2
(SP—)

EXR*L

Reserved™1*3

CCR

PC
(24 bits)

\/

(b) Exception Handli

Notes: 1. When EXR is not used it is not stored on the stack.

2. SP when EXR is not used.
3. Ignored on return.

Figure1.5 Stack Structurein Advanced Mode
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H'FFFF

Progra

H'OOFFFFFF | __ . ...
Da

H'FFFFFFFF

(@) Normal Mode (b) Advanced Mode

Figurel1.6 Memory Map
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15 07 07
ERO EO ROH ROL
ER1 E1l R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L
Control Registers (CR)
23
| PC
76543
exR [T ]
76543
ccr [1OTHIUIN]
63 41
MAC Sign extension MACH
MACL
31
Legend:
SP: Stack pointer H: Half-carry flag
PC: Program counter uU: User bit
EXR:  Extended control register N: Negative flag
T: Trace bit Z: Zero flag
12 to 10: Interrupt mask bits V: Overflow flag
CCR: Condition-code register C: Carry flag
I: Interrupt mask bit MAC:  Multiply-accumulate register

ul: User bit or interrupt mask bit

Figurel.7 CPU Registers
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registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum si
registers.

Figure 1.8 illustrates the usage of the general registers. The usage of each register can |
independently.

« Address registers
» 32-bit registers « 16-bit registers * 8-bit regi

E registers (extended registers)

(EO to E7)
ER registers RH regist
(ERO to ER7) (ROHto R
R registers
(RO to R7)
RL regist
(ROLto R

Figure 1.8 Usage of General Registers

General register ER7 has the function of stack pointer (SP) in addition to its general-rex
function, and is used implicitly in exception handling and subroutine calls. Figure 1.9
stack.
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Figure19 Stack

14.3 Control Registers

The control registers are the 24-bit program counter (PC), 8-bit extended control regis
8-bit condition-code register (CCR), and 64-bit multiply-accumulate register (MAC: |
CPU only).

(1) Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute.
of all CPU instructionsis 16 bits (one word) or amultiple of 16 bits, so the least signi
isignored. When an instruction is fetched, the least significant PC bit isregarded as 0

(2) Extended Control Register (EXR)
This 8-bit register contains the trace bit (T) and three interrupt mask bits (12 to 10).

Bit 7—Trace Bit (T): Selects trace mode. When this bit is cleared to 0, instructions a
in sequence. When this bit is set to 1, atrace exception is generated each time an instr
executed.

Bits 6 to 3—Reserved: These bits are reserved, always read as 1.

Bits 2 to O—Interrupt Mask Bits (12 to 10): These bits designate the interrupt mask
7). For details refer to the relevant microcontroller hardware manual .
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Bit 7—Interrupt Mask Bit (I): Masksinterrupts other than NM| when set to 1. (NM|I
regardless of the | bit setting.) The |l bit is set to 1 by hardware at the start of an excepti
handling sequence.

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software us
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an inter
bit. For details refer to the relevant microcontroller hardware manual.

Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B
instruction is executed, thisflag is set to 1 if thereisacarry or borrow at bit 3, and clez
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, thi
setto 1if thereisacarry or borrow at bit 11, and cleared to 0 otherwise. When the AD
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacar
borrow at bit 27, and cleared to 0 otherwise.

Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC
XORC instructions.

Bit 3—Negative Flag (N): Stores the value of the most significant bit (sign bit) of date
Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to O to indicate non-z

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared t
times.

Bit 0—Carry Flag (C): Set to 1 when a carry occurs, and cleared to O otherwise. Usec

* Add instructions, to indicate a carry
» Subtract instructions, to indicate a borrow
» Shift and rotate instructions, to store the value shifted out of the end bit

The carry flag is also used as a bit accumulator by bit manipulation instructions.
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The MAC register is supported only by the H8S/2600 CPU. This 64-bit register stores
of multiply-and-accumulate operations. It consists of two 32-bit registers denoted MA
MACL. The lower 10 bits of MACH are valid; the upper bits are a sign extension.

144 Initial Register Values

Reset exception handling loads the CPU’ s program counter (PC) from the vector table
trace bit in EXR to 0, and sets the interrupt mask bitsin CCR and EXR to 1. The othe
and the general registers are not initialized. In particular, the stack pointer (ER7) is nc
The stack pointer should therefore be initialized by an MOV .L instruction executed in
after areset.
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Figure 1.10 shows the data formats in general registers.

Data Type Register Number Data Format
1-bit data RnH 7 0
17]6]5]4|3|2|1[0]  Dontcare
1-bit data rRo, 7
5 Don't care En 2
4-bit BCD data RnH 7 43 0
| Upper | Lower | Don't care
4-bit BCD data rRo.. 7 43
Don’t care Lo
Byte data RnH 7 O
i iiiii|  Dontcare
MSB LSB
Byte data R 7
Don't care

Figure1.10 General Register Data Formats
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Longword data ERn

Legend:

ERn: General register ER
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Figure1.10 General Register Data Formats (cont)
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Data Type Data Format

Address — T~

0
1-bit data AddressL| 7|6 |54 |3|2|1]|0
Byte data AddressL |MSB: @ . . i ISB
Word data Address2M WS+ ¢ 1

Address 2M + 1 iLSB
Longword data Address 2N |wsB: ¢+ 1

Address 2N + 1 ‘ ‘

Address 2N + 2

Address2N+3| @ | ¢ 1 1 ISB

Figure1.11 Memory Data Formats

When the stack pointer (ER7) is used as an address register to access the stack, the ope
should be word size or longword size.
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ravic 1.1 Ihsatructon eliassiiication
Function Instructions Siz
Data transfer MOV BW
POP*?, PUSH™? WL
LDM, STM L
MOVFPE, MOVTPE B
Arithmetic ADD, SUB, CMP, NEG BW
operations ADDX, SUBX, DAA, DAS B
INC, DEC BW
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS™ B
MAC, LDMAC, STMAC, CLRMAC™* —
Logic operations  AND, OR, XOR, NOT BW
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BW

Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B

BIAND, BOR, BIOR, BXOR, BIXOR

Branch

Bcc™®, JIMP, BSR, JSR, RTS —

System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP —

Block data transfer EEPMOV —

Legend:

Notes: 1.

2.

H8S/2600 CPU: Total 69 types  H8S/2000 CPU: T
B: Byte size
W: Word size
L: Longword size
The MAC, LDMAC, STMAC, and CLRMAC instructions are supported only
H8S/2600 CPU.
POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.
@-SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn :
ERn, @-SP.
Bcc is the generic designation of a conditional branch instruction.
Only register ERO, ER1, ER4, or ER5 should be used when using the TAS
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RN General register”

ERnN General register (32-bit register)
MAC Multiply-accumulate register (32-bit register)
(EAd) Destination operand

(EAs) Source operand

EXR Extended control register

CCR Condition-code register

N N (negative) flag in CCR

Z Z (zero) flag in CCR

\% V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

ad Logical AND

ad Logical OR

ad Logical exclusive OR

- Move

- Logical not (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit re
to R7, EO to E7), and 32-bit registers (ERO to ER7).
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VIUVE O TALTTTHIA THTIHTUL y LUTILTETTIO (AdUUlToc
@aa:16) to a general register in synchroni
an E clock.

MOVTPE B Rs - (EAs)
Moves general register contents to an exte
location (addressed by @aa:16) in synchrc
an E clock.

POP W/L @SP+ - Rn
Pops a register from the stack. POP.W Rn
to MOV.W @SP+, Rn. POP.L ERn is ident
MOV.L @SP+, ERn.

PUSH Wi/L Rn - @-SP
Pushes a register onto the stack. PUSH.W
identical to MOV.W Rn, @-SP. PUSH.L E
identical to MOV.L ERn, @-SP.

LDM L @SP+ - Rn (register list)
Pops two or more general registers from tf

STM L Rn (register list) -~ @-SP

Pushes two or more general registers onto
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SOUDA FCHUITTHS auUuluuln O subuacluult Wil Lally
on byte data in two general registers, or on |
data and data in a general register.

INC B/W/L Rd+1 -5 Rd, Rd+2 - Rd

DEC Increments or decrements a general registe
(Byte operands can be incremented or decr
1 only.)

ADDS L Rd+1 - Rd, Rd+2 - Rd, Rd*4 - Rc

SUBS Adds or subtracts the value 1, 2, or 4 to or f
a 32-bit register.

DAA B Rd decimal adjust —» Rd

DAS Decimal-adjusts an addition or subtraction r
general register by referring to the CCR to
bit BCD data.

MULXU B/W Rd xRs - Rd
Performs unsigned multiplication on data in
registers: either 8 bits x 8 bits - 16 bits or !
16 bits — 32 bits.

MULXS B/W Rd xRs - Rd
Performs signed multiplication on data in tw
registers: either 8 bits x 8 bits - 16 bits or !
16 bits — 32 bits.

DIVXU B/W Rd+Rs - Rd
Performs unsigned division on data in two g
registers: either 16 bits + 8 bits — 8-bit quot
8-bit remainder or 32 bits + 16 bits - 16-bit
and 16-bit remainder.

DIVXS B/W Rd+Rs - Rd

Performs signed division on data in two gen
registers: either 16 bits + 8 bits — 8-bit quot
8-bit remainder or 32 bits + 16 bits - 16-bit
and 16-bit remainder.
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EXTU

WiL

Rd (zero extension) - Rd

Extends the lower 8 bits of a 16-bit registe
size, or the lower 16 bits of a 32-bit registe
size, by padding with zeros on the left.

EXTS

WiL

Rd (sign extension) - Rd

Extends the lower 8 bits of a 16-bit registe
size, or the lower 16 bits of a 32-bit registe
size, by extending the sign bit.

TAS

@ERd -0, 1 - (<bit 7> of @ERd)**

Tests memory contents, and sets the most
bit (bit 7) to 1.

MAC

(EAs) x (EAd) + MAC — MAC

Performs signed multiplication on memory
and adds the result to the multiply-accumu
The following operations can be performec

16 bits x 16 bits +32 bits — 32 bits, satura
16 bits x 16 bits + 42 bits — 42 bits, non-s

Supported by H8S/2600 CPU only.

CLRMAC

0 - MAC
Clears the multiply-accumulate register to :
Supported by H8S/2600 CPU only.

LDMAC
STMAC

Rs - MAC, MAC - Rd

Transfers data between a general register
multiply-accumulate register.

Supported by H8S/2600 CPU only.
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Performs a logical exclusive OR operation c
register and another general register or immn
data.

NOT B/W/L - (Rd) - (Rd)
Takes the one’s complement of general reg
contents.

Shift operations  SHAL B/W/L Rd (shift) - Rd

SHAR Performs an arithmetic shift on general regi:
contents.
1-bit or 2-bit shift is possible.

SHLL B/W/L  Rd (shift) - Rd

SHLR Performs a logical shift on general register c
1-bit or 2-bit shift is possible.

ROTL B/W/L Rd (rotate) - Rd

ROTR Rotates general register contents.
1-bit or 2-bit rotation is possible.

ROTXL B/W/L Rd (rotate) -~ Rd

ROTXR Rotates general register contents through tt

1-bit or 2-bit rotation is possible.
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immediate data or the lower three bits of a
register.

BNOT

= (<bit-No.> of <EAd>) - (<bit-No.> of <E

Inverts a specified bit in a general register
operand. The bit number is specified by 3-
immediate data or the lower three bits of a
register.

BTST

= (<hit-No.> of <EAd>) - Z

Tests a specified bit in a general register o
operand and sets or clears the Z flag acco
bit number is specified by 3-bit immediate
lower three bits of a general register.

BAND

BIAND

C O(<bit-No.> of <EAd>) - C

ANDs the carry flag with a specified bit in &
register or memory operand and stores the
carry flag.

C O~ (<bit-No.> of <EAd>) - C

ANDs the carry flag with the inverse of a s
a general register or memory operand and
result in the carry flag.

The bit number is specified by 3-bit immed

BOR

BIOR

C O(<bit-No.> of <EAd>) - C

ORs the carry flag with a specified bit in a
register or memory operand and stores the
carry flag.

C 0= (<bit-No.> of <EAd>) - C

ORs the carry flag with the inverse of a spt
a general register or memory operand and
result in the carry flag.

The bit number is specified by 3-bit immed
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The bit number is specified by 3-bit immedic

BLD B

BILD B

(<bit-No.> of <EAd>) -~ C

Transfers a specified bit in a general registe
memory operand to the carry flag.

- (<hit-No.> of <EAd>) - C

Transfers the inverse of a specified bit in a (
register or memory operand to the carry flac

The bit number is specified by 3-bit immedic

BST B

BIST B

C - (<bit-No.> of <EAd>)

Transfers the carry flag value to a specified
general register or memory operand.

- C - (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value
specified bit in a general register or memory

The bit number is specified by 3-bit immedic
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L =YY VI Jadiie L

BCC(BHS) Carry clear C=0
(high or same)

BCS(BLO) Carryset(low) C=1
BNE Not equal Z=0
BEQ Equal Z=1
BvVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater orequal N O\
BLT Less than N O\
BGT Greater than Z aql
BLE Less or equal z O
JMP Branches unconditionally to a specified ad
BSR Branches to a subroutine at a specified ad
JSR Branches to a subroutine at a specified ad
RTS Returns from a subroutine
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them and memory. The upper 8 bits are vali

STC

B/W

CCR - (EAd), EXR - (EAd)

Transfers CCR or EXR contents to a genere
memory. Although CCR and EXR are 8-bit
word-size transfers are performed between
memory. The upper 8 bits are valid.

ANDC

CCR O#IMM - CCR, EXR O#IMM - EXR

Logically ANDs the CCR or EXR contents w
immediate data.

ORC

CCR O#IMM - CCR, EXR O#IMM - EXR

Logically ORs the CCR or EXR contents wit
immediate data.

XORC

CCR O #IMM - CCR, EXR O #IMM - EXEF

Logically exclusive-ORs the CCR or EXR cc
immediate data.

NOP

PC+2 - PC
Only increments the program counter.
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untiR4=0
else next;

Transfers a data block according to param
general registers R4L or R4, ER5, and ER

R4L or R4: size of block (bytes)
ERS5: starting source address
ERG6: starting destination address

Execution of the next instruction begins as
transfer is completed.

Notes: 1.

Size refers to the operand size.

B: Byte

W: Word

L: Longword

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS
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Register Field: Specifies ageneral register. Address registers are specified by 3 bits, d
by 3 bits or 4 bits. Some instructions have two register fields. Some have no register fie

Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absc
address, or a displacement.

Condition Field: Specifies the branching condition of Bcc instructions.

Figure 1.12 shows examples of instruction formats.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op m m ADD.B Rn, Rm, etc.

(3) Operation field, register fields, and effective address extension

op m rm

MOV.B @(d:16, Rn),

EA (disp)

(4) Operation field, effective address extension, and condition field

op cc EA (disp) BRA d:8, etc

Figure1.12 Instruction Formats
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BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in tt

Tablel.4 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @(d:16,ERn)/@(d:32,ERnN)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn
5 Absolute address @aa:8/@aa:16/@aa:24/@:
6 Immediate #xXX:8/#xx:16/#xx:32
7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @@aa:8

1. Register Direct—Rn: Theregister field of the instruction specifies an 8-, 16-, or ¢
register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bi
RO to R7 and EO to E7 can be specified as 16-hit registers. ERO to ER7 can be specifi
registers.

2. Register Indirect—@ERN: The register field of the instruction code specifies an
register (ERn) which contains the address of the operand in memory. If the addressis
instruction address, the lower 24 bits are valid and the upper 8 bits are al assumed to

3. Register Indirect with Displacement—@(d: 16, ERn) or @(d:32, ERn): A 16-b
displacement contained in the instruction is added to an address register (ERn) specifi
register field of the instruction, and the sum gives the address of amemory operand. £
displacement is sign-extended when added.
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* Register indirect with pre-decrement—@-ERn

Thevaluel, 2, or 4 is subtracted from an address register (ERn) specified by there
in the instruction code, and the result becomes the address of a memory operand. Tl
also stored in the address register. The value subtracted is 1 for byte access, 2 for w
or 4 for longword access. For word or longword access, the register value should be

5. Absolute Address—@aa: 8, @aa: 16, @aa: 24, or @aa:32: The instruction code cc
absolute address of amemory operand. The absolute address may be 8 bits long (@aa:
long (@aa:16), 24 bits long (@aa:24), or 32 bits long (@aa:32).

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa:16), or 32 t
(@aa:32) long. For an 8-bit absolute address, the upper 24 bits are all assumed to be 1
(H'FFFFFF). For a 16-bit absolute address the upper 16 bits are a sign extension. A 32-
address can access the entire address space.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The
bits are all assumed to be 0 (H'00).

Table 1.5 indicates the accessible absol ute address ranges.

Table1l5 Absolute Address Access Ranges

Absolute Address Normal Mode Advanced Mode
Data address 8 bits (@aa:8) H'FF00 to H'FFFF H'FFFFFF0O0 to H'F

16 bits (@aa:16) H'0000 to H'FFFF H'00000000 to H'0C
H'FFFF8000 to H'F

32 bits (@aa:32) H'00000000 to H'FF

Program instruction 24 bits (@aa:24) H'00000000 to H'0C
address

For further details on the accessible range, refer to the relevant microcontroller hardwa
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BSR instructions. An 8-bit or 16-bit displacement contained in the instruction is sign-
added to the 24-bit PC contents to generate a branch address. Only the lower 24 bits c
address are valid; the upper 8 bits are all assumed to be 0 (H'00). The PC value to whi
displacement is added is the address of the first byte of the next instruction, so the pos
branching range is—126 to +128 bytes (—63 to +64 words) or —32766 to +32768 bytes
+16384 words) from the branch instruction. The resulting value should be an even nul

8. Memory Indirect—@@aa:8: This mode can be used by the IMP and JSR instruc
second byte of the instruction specifies a memory operand by an 8-bit absolute addres
memory operand contains a branch address. The upper bits of the absolute address are
to be 0, so the address range is 0 to 255 (H'0000 to H'0O0FF in normal mode, H'00000C
H'000000FF in advanced mode). In normal mode the memory operand is aword oper
branch addressis 16 bits long. In advanced mode the memory operand is alongword ¢
first byte of which is assumed to be all 0 (H'00).

Note that the first part of the address range is also the exception vector area. For furth
refer to the relevant microcontroller hardware manual.

\_/_\ J

Specified — Specified — Reserved
by @aa8 | Branch address ~ ----- by @aa:8

\_/_\

Branch addre

(a) Normal Mode (b) Advanced M

Figure1.13 Branch Address Specification in Memory Indirect M odt
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[1]
(2]
(3]
[4]

(5]
[6]

[7]
(8]

(9]

[1] Mnemonic (Full Name) [2] Type

[3] Operation [6] Condition Code

[4] Assembly-L anguage For mat

[5] Operand Size

[7] Description

[8] Available Registers

[9] Operand Format and Number of States Required for Execution

[10] Notes

Mnemonic (Full Name): Gives the full and mnemonic names of the instruction.
Type: Indicates the type of instruction.
Operation: Describes the instruction in symbolic notation. (See section 2.1.2, Ope

Assembly-Language Format: Indicates the assembly-language format of the ins
(See section 2.1.1, Assembler Format.)

Operand Size: Indicates the available operand sizes.

Condition Code: Indicates the effect of instruction execution on the flag bits in the
(See section 2.1.3, Condition Code.)

Description: Describes the operation of the instruction in detail.

Available Registers: Indicates which registers can be specified in the register fiel
instruction.

Operand Format and Number of States Required for Execution: Shows the ac
modes and instruction format together with the number of states required for exec

[10] Notes: Gives notes concerning execution of the instruction.
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The operand size is byte (B), word (W), or longword (L). Some instructions are restrict
limited set of operand sizes.

The symbol <EA> indicates that two or more addressing modes can be used. The H8Y
supports the eight addressing modes listed next. Effective address calculation is descrit
section 1.7, Addressing Modes and Effective Address Calculation.

Symbol Addressing Mode

Rn Register direct

@ERN Register indirect

@(d:16, ERn)/@(d:32, ERn) Register indirect with displacement (16-bit or 32-b
@ERN+/@-ERnN Register indirect with post-increment or pre-decre
@aa:8/@aa:16/@aa:24/@aa:32 Absolute address (8-bit, 16-bit, 24-bit, or 32-bit)
#XX:8/#XX:16/#xX:32 Immediate (8-bit, 16-bit, or 32-hit)

@(d:8, PC)/@(d:16, PC) Program-counter relative (8-bit or 16-bit)
@@aa:8 Memory indirect

The suffixes :8, :16, :24, and :32 may be omitted. In particular, if the :8, :16, :24, or :32
designation is omitted in an absolute address or displacement, the assembler will optim
length according to the value range. For details, refer to the H8S, H8/300 Series cross
user’s manual.

Note: “:2” and “:3” in “#xx (:2)” and “#xx (:3)” indicate the specifiable bit length. D
include (:2) or (:3) in the assembler notation.
Example: TRAPA #3
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MAC Multiply-accumulate register (32-bit register)

(EAd) Destination operand

(EAs) Source operand

EXR Extended control register

CCR Condition-code register

N N (negative) flag in CCR

z Z (zero) flag in CCR
V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Add

- Subtract

X Multiply

+ Divide

g Logical AND

d Logical OR

ad Logical exclusive OR

- Transfer from the operand on the left to the operand on the right, or trau
the state on the left to the state on the right

- Logical NOT (logical complement)

() <> Contents of effective address of the operand

:8/:16/ 8-, 16-, 24-, or 32-bit length

:24/:32

Note: * General registers include 8-bit registers (ROH to R7H and ROL to R7L), 16-
(RO to R7 and EO to E7), and 32-bit registers (ERO to ER7).
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1 Always setto 1

— Not affected by execution of the instruction

A Varies depending on conditions; see the notes

For details on changes of the condition code, see section 2.8, Condition Code Modifices

214 Instruction For mat

The symbols used in the instruction format descriptions are listed below.

Symbol Meaning

IMM Immediate data (2, 3, 8, 16, or 32 bits)

abs Absolute address (8, 16, 24, or 32 bits)

disp Displacement (8, 16, or 32 bits)

rs, rd, rn Register field (4 bits). The symbols rs, rd, and rn correspond to operar
Rs, Rd, and Rn.

ers, erd, ern Register field (3 bits). The symbols ers, erd, and ern correspond to op

symbols ERs, ERd, and ERn.
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When used as a 32-bit register, it is specified by a 3-bit register field (ers, erd, or ern).

When used as a 16-bit register, it is specified by a 4-bit register field (rs, rd, or rn). Th
bits specify the register number. The upper bit is set to 1 to specify an extended regist
cleared to 0 to specify ageneral register (Rn).

When used as an 8-bit register, it is specified by a4-hbit register field (rs, rd, or rn). Th
bits specify the register number. The upper bit is set to 1 to specify alow register (Rnl
to 0 to specify a high register (RnH). Thisis shown next.

Address Register

32-Bit Register 16-Bit Register 8-Bit Rec
Register General Register General Register Gi
Field Register Field Register Field R
000 ERO 0000 RO 0000 R
001 ER1 0001 R1 0001 R
111 ER7 0111 R7 0111 R
1000 EO 1000 R

1001 El 1001 R

1111 E7 1111 R
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RIL| | Dontcare | 0111

Bit number
R2H|o0 1 1 0010 1|

Setto 1l

Example 2: Toload bit 5 at address H'FFFFO2 into the bit accumulator

BLD #5, @H'FFFF02

#5

HFFFFO2 |1 10 |1 ]0/0 1 1 0

L~ \/ C

Load

A4

The operand size and addressing mode are as indicated for register or memory operand
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ADD. B <EAs>. Rd otherwise cleared to 0.

N: Setto1if theresult is negative
cleared to 0.
Z: Settolif theresult iszero; ofl
Operand Size cleared 10 0.
V: Setto1lif anoverflow occurs;
cleared to 0.
C: Settolif thereisacarry at bi
otherwise cleared to 0.

Byte

Description

This instruction adds the source operand to the contents of an 8-bit register Rd (destina
operand) and stores the result in the 8-bit register Rd.

Available Registers

Rd: ROL to R7L, ROH to R7H
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Immediate ADD.B #xx:8, Rd 8 rd IMM
Register direct ADD.B Rs, Rd 0 8 rs rd
Notes
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Assembly-L anguage For mat
ADD. W <EAs>, Rd

Operand Size
Word

SELLO LT tnefelsacdly d L
otherwise cleared to 0.

Set to 1if the result is negatiy
cleared to 0.

Set to 1if theresult is zero; ¢
cleared to 0.

Set to 1 if an overflow occur:
cleared to 0.

Setto 1if thereisacarry at b
otherwise cleared to 0.

Description

This instruction adds the source operand to the contents of a 16-bit register Rd (destin

operand) and stores the result in the 16-bit register Rd.

Available Registers

Rd: ROto R7, EOto E7
Rs: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Instruction Format

Addressing .
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte ‘ 4th byt
Immediate ADD.W #xx:16, Rd 7 9 1 rd IMM
Register direct ADD.W Rs, Rd 0 9 rs rd ‘

Notes
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Assembly-L anguage For mat
ADD. L <EAs>, ERd

SELLO LT therelsacary a Dl
otherwise cleared to 0.

N: Setto1if theresult is negative
cleared to 0.
Z. Settolif theresult is zero; otl
Operand Size cleared to 0.
Longword V: Setto 1if anoverflow occurs;
cleared to O.
C: Settolif thereisacarry at bi
otherwise cleared to 0.
Description

This instruction adds the source operand to the contents of a 32-bit register ERd (destir
operand) and stores the result in the 32-bit register ERd.

Available Registers

ERd: ERO to ER7
ERs: EROto ER7

Operand Format and Number of States Required for Execution

Addressing Instruction Format
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte ‘ 5th byte ‘ 6th
Immediate ADD.L #xx:32, ERd| 7 A 1 |Olerd IMM
Register direct ADD.L ERs, ERd 0 A 1§ers Ojerd ‘ ‘ ‘

Notes
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Assembly-L anguage For mat
ADDS #1, ERd

ADDS #2, ERd
ADDS #4, ERd

Operand Size
Longword

FTEVIOUS Value remmal s urcri
Previous value remains unch:
Previous value remains unch:
Previous value remains unch:
Previous value remains unch:

Description

This instruction adds the immediate value 1, 2, or 4 to the contents of a 32-bit register
(destination operand). Unlike the ADD instruction, it does not affect the condition cor

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Instruction Format

Addressing .
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byt
Register direct ADDS #1, ERd 0 B 0 |O|erd
Register direct ADDS #2, ERd 0 B 8 |[Ojerd
Register direct ADDS #4, ERd 0 B 9 iOierd

Notes
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Assembly-L anguage For mat
ADDX <EAs>, Rd

Operand Size
Byte

SELLO LT therelsacary a Dl
otherwise cleared to 0.

Set to 1if the result is negative
cleared to 0.

Set to 1 if theresult is zero; ot
cleared to 0.

Set to 1if an overflow occurs;
cleared to 0.

Setto 1if thereisacarry at bi
otherwise cleared to 0.

Description

This instruction adds the source operand and carry flag to the contents of an 8-bit regis
(destination operand) and stores the result in the 8-bit register Rd.

Available Registers

Rd: ROL to R7L, ROH to R7H
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Immediate ADDX #xx:8, Rd 9 rd IMM
Register direct ADDX Rs, Rd 0 E rs rd

Notes
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Assembly-L anguage For mat
AND. B <EAs>, Rd

1

FTEVIOUS Value Temalris uncri
N: Setto1if theresult is negatiy

cleared to 0.
Z: Settolif theresultiszero; c
cleared to 0.
Operand Size V: Alwayscleared to 0.
C:. Previous value remains unch:
Byte
Description

This instruction ANDs the source operand with the contents of an 8-bit register Rd (d
operand) and stores the result in the 8-bit register Rd.

Available Registers

Rd: ROL to R7L, ROH to R7H
Rs: ROL to R7L, ROH to R7H

Operand Format and Numb

er of States Required for Execution

Instruction Format

Addressing .
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byt
Immediate AND.B #xx:8, Rd E rd IMM
Register direct AND.B Rs, Rd 1 6 rs rd
Notes
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I

FTEVIOUS Value remalris urcriai
N: Setto1if theresult is negative

Assembly-L anguage For mat
AND. W <EAs>, Rd

cleared to 0.
Z: Settolif theresult iszero; ofl
cleared to 0.
Operand Size V: Alwayscleared to 0.
C: Previous value remains uncha
Word
Description

This instruction ANDs the source operand with the contents of a 16-bit register Rd (de:
operand) and stores the result in the 16-bit register Rd.

Available Registers

Rd: ROto R7, EOto E7
Rs: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Immediate AND.W #xx:16, Rd 7 9 6 rd IMM
Register direct AND.W Rs, Rd 6 6 rs rd
Notes
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AND. L <EAs>, ERd N: Setto1if theresult is negatiy
cleared to O.
Z: Settolif theresultiszero; c
cleared to 0.
Operand Size V: Alwaysclearedto 0.
C: Previous value remains unch
Longword
Description

This instruction ANDs the source operand with the contents of a 32-bit register ERd (
operand) and stores the result in the 32-bit register ERd.

Available Registers

ERd: ERO to ER7
ERs: EROto ER7

Operand Format and Number of States Required for Execution

Addressing Instruction Format
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte ‘ 5th byte ‘ 6t
Immediate AND.L #xx:32, ERd| 7 A 6 |Olerd IMM
Register direct AND.L ERs, ERd 0 1 F 0 6 6 ‘Ogersgogerd‘ ‘

Notes
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Amb|y-L anguage Format SLOIEs the Corresponaing it Ol

l.
] Ul: Stores the corresponding bit of
ANDC #xx:8, CCR H: Storesthe corresponding bit of
U: Storesthe corresponding bit of
N: Storesthe corresponding bit of
Operand Size Z: Storesthe corresponding bit of
Byte V: Storesthe corresponding bit of
C: Storesthe corresponding bit of

Description

This instruction ANDs the contents of the condition-code register (CCR) with immediz
stores the result in the condition-code register. No interrupt requests, including NMI, a
immediately after execution of thisinstruction.

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
Immediate ANDC | #xx:8,CCR| 0 | 6 IMM
Notes
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ANDC #x:8, EXR N: Prev! ous value rema! ns unch
Z: Previous value remains unch
V: Previous vaue remains unch:
C: Previousvalue remains unch

Operand Size

Byte

Description

This instruction ANDs the contents of the extended control register (EXR) with imme
and stores the result in the extended control register. No interrupt regquests, including |
accepted for three states after execution of thisinstruction.

Operand Format and Number of States Required for Execution

Instruction Format

Addressing .
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt
Immediate ANDC | #xx:8,EXR| 0 | 1 4 i1 0 i 6 IMM
Notes
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BAND #xx:3, <EAd> N: Prev!ous value rema! ns unchar
Z: Previous value remains unchar
V: Previous vaue remains uncha
C. Storestheresult of the operati

Operand Size

Byte

Description

Thisinstruction ANDs a specified bit in the destination operand with the carry flag anc
result in the carry flag. The bit number is specified by 3-bit immediate data. The destin
operand contents remain unchanged.

Specified by #xx:3
BitNo. 7 i 0

<EAd> —»|

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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Assembly-L anguage For mat

Bcc disp
Condition field

Operand Size

FTEVIOUS Value remalrs urcrial
Previous value remains unchal
Previous value remains unchai
Previous value remains uncha
Previous value remains uncha

Description

If the condition specified in the condition field (cc) istrue, adisplacement isadded to t
counter (PC) and execution branches to the resulting address. If the condition isfalse, t
instruction is executed. The PC value used in the address calculation is the starting add
instruction immediately following the Bcc instruction. The displacement isa signed 8-
value. The branch destination address can be located in the range from —126 to +128 b
—32766 to +32768 bytes from the Bcc instruction.

Mnemonic Meaning cc Condition Signed/Unsig
BRA (BT) Always (true) 0000 | True
BRN (BF) Never (false) 0001 | False
BHI High 0010 |Cz=0 X >Y (unsigned)
BLS Low or Same 0011 |Cz=1 X <Y (unsigned)
BCC (BHS) Carry Clear (High or Same) 0100 |[C=0 X 2Y (unsigned)
BCS (BLO) Carry Set (LOw) 0101 |[C=1 X <Y (unsigned)
BNE Not Equal 0110 |Zz=0 X #Y (unsigned or si
BEQ EQual 0111 |z=1 X =Y (unsigned or si
BvVC oVerflow Clear 1000 |V =0
BVS oVerflow Set 1001 |v=1
BPL PLus 1010 |[N=0
BMI Minus 1011 [N=1
BGE Greater or Equal 1100 |[NOV =0 X =Y (signed)
BLT Less Than 1101 |[NOV =1 X <Y (signed)
BGT Greater Than 1110 |ZONOV)=0 | X >Y (signed)
BLE Less or Equal 1111 |ZONOV) =1 | X <Y (signed)

Note: * If the immediately preceding instruction is a CMP instruction, X is the general register cor
(destination operand) and Y is the source operand.
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Program-counter : 4 1 disp

relative BRN (BF) d:16 5 8 110 di‘sp
Program-counter BHI d:8 4 2 disp \
relative d:16 5 8 2 | 0 disp
Program-counter BLS d:8 4 3 disp ‘
relative d:16 5 8 310 disp
Program-counter d:8 4 4 dis

rela?ive Bec (BHS) d:16 5 8 4 | ° 0 di‘sp
Program-counter d:8 4 5 disp

relative BCS (BLO) d:16 5 8 5 {0 di‘sp
Program-counter BNE d:8 4 6 disp \
relative d:16 5 8 6 i 0 disp
Program-counter BEQ d:8 4 7 di:c,p ‘
relative d:16 5 8 710 disp
Program-counter BVC d:8 4 8 di.sp ‘
relative d:16 5 8 8 i 0 disp
Program-counter BVS d:8 4 9 di.sp ‘
relative d:16 5 8 9 i 0 disp
Program-counter BPL d:8 4 A disp \
relative d:16 5 8 A {0 disp
Program-counter BMI d:8 4 B disp ‘
relative d:16 5 8 B 0 disp
Program-counter BGE d:8 4 C di.sp ‘
relative d:16 5 8 cC i 0 disp
Program-counter BLT d:8 4 D disp ‘
relative d:16 5 8 D {0 disp
Program-counter BGT d:8 4 E disp \
relative d:16 5 8 E {0 disp
Program-counter BLE d:8 4 F di§p ‘
relative d:16 5 8 F i 0 disp

Notes

1. The branch destination address must be even.
2. Inmachinelanguage BRA, BRN, BCC, and BCS are identical to BT, BF, BHS, ar

respectively.
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BCLR #xx:3, <EAd> N: Prev!ous value rema! ns unchar
Z: Previous value remains unchar
BCLR Rn, <EAd> . .
V: Previous vaue remains uncha
C: Previousvalue remains unchai
Operand Size
Byte
Description

Thisinstruction clears a specified bit in the destination operand to 0. The bit number c
specified by 3-bit immediate data, or by the lower three bits of an 8-bit register Rn. Th
bit is not tested. The condition-code flags are not altered.

Bit No.

7

Specified by #xx:3 or Rn

<EAd> —»

O —b

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7

Rn: ROL to R7L, ROH to R7H
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BI AND #xx:3, <EAd> N: Prev! ous value rema! ns unchar
Z: Previous value remains unchar
V: Previous vaue remains uncha
C. Storestheresult of the operati

Operand Size

Byte

Description

Thisinstruction ANDs the inverse of a specified bit in the destination operand with the
and stores the result in the carry flag. The bit number is specified by 3-bit immediate d
destination operand contents remain unchanged.

Specified by #xx:3

BitNo. 7 i 0
<EAd> \ il 7‘ \ \
$ Invert
re
C U — C

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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BI LD #xx:3, <EAd> N: Prev!ous value rema! ns unchar
Z: Previous value remains unchar
V: Previous vaue remains uncha
C: Loaded with theinverse of the

Operand Size bit.

Byte

Description

Thisinstruction loads the inverse of a specified bit from the destination operand into th
flag. The bit number is specified by 3-bit immediate data. The destination operand cont

remain unchanged.

Bit No.

7

Specified by #xx:3

<EAd> —»|

4/:/anen —> C

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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BI OR #xx:3, <EAd> N: Prev! ous value rema! ns unchar
Z: Previous value remains unchar
V: Previous vaue remains uncha
C. Storestheresult of the operati

Operand Size

Byte

Description

Thisinstruction ORs the inverse of a specified bit in the destination operand with the c
and stores the result in the carry flag. The bit number is specified by 3-bit immediate d
destination operand contents remain unchanged.

Specified by #xx:3

BitNo. 7 ! 0
<EAd> —» | —ﬁ‘ | |
Invert
C 0 — C

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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BI ST #xx:3, <EAd> N: Prev! ous value rema! ns unchar
Z: Previous value remains unchar
V: Previous vaue remains uncha
C: Previousvalue remains unchai

Operand Size

Byte

Description

This instruction stores the inverse of the carry flag in a specified bit location in the des
operand. The bit number is specified by 3-bit immediate data. Other bits in the destinat
remain unchanged.
Specified by #xx:3
BitNo. 7 L 0
<EAd> —»

AN

C —» Invert

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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BI XOR #xx:3, <EAd> N: Prev!ous value rema! ns unchar
Z: Previous value remains unchar
V: Previous vaue remains uncha
C. Storestheresult of the operati

Operand Size

Byte

Description

Thisinstruction exclusively ORs the inverse of a specified bit in the destination operan
carry flag and stores the result in the carry flag. The bit number is specified by 3-bit im
data. The destination operand contents remain unchanged.

Specified by #xx:3

BitNo. 7 L 0
<EAd> —» | —7‘ | |
Invert
C O — C

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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BLD #xx:3, <EAd> N: Prev! ous value rema! ns unchar
Z: Previous value remains unchar
V: Previous vaue remains uncha
C. Loaded from the specified bit.

Operand Size

Byte

Description

This instruction loads a specified bit from the destination operand into the carry flag. T
number is specified by 3-bit immediate data. The destination operand contents remain

Specified by #xx:3
BitNo. 7 L 0

<EAd> —»|

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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BNOT #xx:3, <EAd> N: Prev!ous value rema! ns unchar
Z: Previous value remains unchar
BNOT Rn, <EAd> . .
V: Previous vaue remains uncha
C: Previousvalue remains unchai
Operand Size
Byte
Description

Thisinstruction inverts a specified bit in the destination operand. The bit number is spe
bit immediate data or by the lower 3 bits of an 8-bit register Rn. The specified bit isno
The condition code remains unchanged.

Bit No.

7

Specified by #xx:3 or Rn

<EAd> —»

ol

£

|nvert>

Available Registers
Rd: ROL to R7L, ROH to R7H

ERd: ERO to ER7
Rn: ROL to R7L, ROH to R7H
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BOR #xx:3, <EAd> N: Prev!ous value rema! ns unchar
Z: Previous value remains unchar
V: Previous vaue remains uncha
C. Storestheresult of the operati

Operand Size

Byte

Description

This instruction ORs a specified bit in the destination operand with the carry flag and s
result in the carry flag. The bit number is specified by 3-bit immediate data. The destin
operand contents remain unchanged.

Specified by #xx:3
BitNo. 7 i 0

<EAd> —»]

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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BSET #xx:3, <EAd> N: Prev!ous value rema! ns unchar
Z: Previous value remains unchar
BSET Rn, <EAd> . .
V: Previous vaue remains uncha
C: Previousvalue remains unchai
Operand Size
Byte
Description

Thisinstruction sets a specified bit in the destination operand to 1. The bit number can
specified by 3-bit immediate data, or by the lower three bits of an 8-bit register Rn. Th
bit is not tested. The condition code flags are not altered.

Bit No.

<EAd> —»]

7

Specified by #xx:3 or Rn

>

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7

Rn: ROL to R7L, ROH to R7H
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BSR di N: Previous value remains unchal
$ Z: Previous value remains unchar
V: Previous vaue remains uncha
C: Previousvalue remains unchai
Operand Size
Description

This instruction branches to a subroutine at a specified address. It pushes the program ¢
(PC) value onto the stack as arestart address, then adds a specified displacement to the
and branches to the resulting address. The PC value pushed onto the stack is the addres
instruction following the BSR instruction. The displacement is a signed 8-bit or 16-bit
the possible branching range is—126 to +128 bytes or —32766 to +32768 bytes from th

the BSR instruction.

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. «
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | Normal
Program-counter BSR d8 5|5 disp 3
relative d:16 5 clo 0 disp 2
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PC ! ! \ —__ PC ! \
23 16 15 87 0 23 16 15 87 0
Normal mode Ad
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BST #xx:3, <EAd> N: Prev!ous value rema! ns unchar
Z: Previous value remains unchar
V: Previous vaue remains uncha
C: Previousvalue remains unchai

Operand Size

Byte

Description

Thisinstruction stores the carry flag in a specified bit location in the destination operar
number is specified by 3-bit immediate data.

Specified by #xx:3

BitNo. 7 ' 0
| ]

<EAd> —»|

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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Assembly-L anguage For mat H: Previous value remains uncha

N: Previous value remains unchar

Z: Settolif the specified bitisz
otherwise cleared to 0.

V: Previous value remains uncha

Operand Size C:. Previous value remains unchai

BTST #xx:3, <EAd>
BTST Rn, <EAd>

Byte

Description

Thisinstruction tests a specified bit in the destination operand and sets or clears the zer
according to the result. The bit number can be specified by 3-bit immediate data, or by
three bits of an 8-bit register Rn. The destination operand contents remain unchanged.

Specified by #xx:3 or Rn

BitNo. 7 ! 0
ceags o] T T 1
v
Test

Available Registers
Rd: ROL to R7L, ROH to R7H

ERd: EROto ER7
Rn: ROL to R7L, ROH to R7H
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BXOR #xx:3, <EAd> N: Prev!ous value rema! ns unchar
Z: Previous value remains unchar
V: Previous vaue remains uncha
C. Storestheresult of the operati

Operand Size

Byte

Description

Thisinstruction exclusively ORs a specified bit in the destination operand with the cari
stores the result in the carry flag. The bit number is specified by 3-bit immediate data.
destination operand contents remain unchanged.

Specified by #xx:3

BitNo. 7 i 0
\ \ \ \
<EAd> —»
v
C a — C

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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Assembly-L anguage For mat
CLRVAC

Operand Size

FTEVIOUS Value remalrs urcrial
Previous value remains unchal
Previous value remains unchai
Previous value remains uncha
Previous value remains uncha

Description

Thisinstruction simultaneously clears registers MACH and MACL.

It is supported only by the H8S/2600 CPU.

Operand Format and Number of States Required for Execution

Addressing
Mode

Mnemonic | Operands

Instruction Format

2nd byte 3rd byte 4th byte

— CLRMAC —

Aio0

Note: * A maximum of three additional states are required for execution of this instruction within t
after execution of a MAC instruction. For example, if there is a one-state instruction (such
between the MAC instruction and this instruction, this instruction will be two states longer
The number of states may differ depending on the product. For details, refer to the releva
microcontroller hardware manual of the product in question.

Notes

Execution of thisinstruction aso clears the overflow flag in the multiplier to O.
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Assembly-L anguage For mat
CWP. B <EAs>, Rd

. SeL 0 LT there 1s a DOMOwW d
otherwise cleared to 0.

N: Setto1if theresult is negatiy
cleared to 0.

Z: Settolif theresultiszero; c

Operand Size
Byte

cleared to 0.

V: Settolif anoverflow occurs
cleared to 0.

C. Settolif thereisaborrow a
otherwise cleared to 0.

Description

This instruction subtracts the source operand from the contents of an 8-bit register Rd
operand) and sets or clears the condition code bits according to the result. The conten

register Rd remain unchanged

Available Registers

Rd: ROL to R7L, ROH to R7H
Rs: ROL to R7L, ROH to R7H

Operand Format and Numb

er of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt
Immediate CMP.B #xx:8, Rd A rd IMM
Register direct CMP.B Rs, Rd 1 C rs rd
Notes
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Assembly-L anguage For mat
CWP. W <EAs>, Rd

Operand Size
Word

SCL L0 LT there 1s a DOMOW adl
otherwise cleared to 0.

Set to 1if the result is negative
cleared to 0.

Set to 1 if theresult is zero; ot
cleared to 0.

Set to 1 if an overflow occurs;
cleared to 0.

Setto 1if thereisaborrow at
otherwise cleared to 0.

Description

This instruction subtracts the source operand from the contents of a 16-bit register Rd (
operand) and sets or clears the condition code bits according to the result. The contents
bit register Rd remain unchanged.

Available Registers

Rd: ROto R7, EOto E7
Rs: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Instruction Format

Addressing .
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte ‘ 4th byte
Immediate CMP.W | #xx:16, Rd 7 9 2 rd IMM
Register direct CMP.W Rs, Rd 1 D rs rd ‘

Notes
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Assembly-L anguage For mat
CMWP. L <EAs>, ERd

o€l 10 11T there 1S5 a DOIMOow a
otherwise cleared to 0.

N: Setto1if theresult is negatiy
cleared to 0.
Z: Settolif theresultiszero;
Operand Size cleared 10 0.
L ongword V: Setto1if an overflow occurs
cleared to 0.
C. Settolif thereisaborrow a
otherwise cleared to 0.
Description

This instruction subtracts the source operand from the contents of a 32-bit register ER
(destination operand) and sets or clears the condition code bits according to the result.
contents of the 32-bit register ERd remain unchanged.

Available Registers

ERd: ERO to ER7
ERs: EROto ER7

Operand Format and Number of States Required for Execution

Addressing Instruction Format
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte ‘ 5th byte ‘ 6t
Immediate CMP.L #xx:32, ERd| 7 A 2 |Olerd IMM
Register direct CMP.L ERs, ERd 1 F 1§ers Ojerd ‘ ‘ ‘

Notes
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Assembly-L anguage For mat

I

vnaeermined (No guaraieed

N: Setto1if the adjusted result i
DAA Rd otherwise cleared to 0.
Z: Setto lif the adjusted result i
otherwise cleared to 0.
Operand Size V: Undetermined (no guaranteed
Byte C: Settolif thereisacarry at bi
otherwise left unchanged.
Description

Given that the result of an addition operation performed by an ADD.B or ADDX instrt
4-bit BCD datais contained in an 8-bit register Rd and the carry and half-carry flags, t
instruction adjusts the contents of the 8-hit register Rd (destination operand) by adding
H'60, or H'66 according to the table below.

C Flag Upper 4 Bits H Flag Lower 4 Bits Value
before before before before Added
Adjustment | Adjustment | Adjustment | Adjustment |(Hexadecimal)| Ac
0 Oto9 0 Oto9 00
0 Oto8 0 AtoF 06
0 Oto9 1 Oto3 06
0 AtoF 0 Oto9 60
0 9to F 0 AtoF 66
0 AtoF 1 Oto3 66
1 Oto2 0 Oto9 60
1 Oto2 0 AtoF 66
1 Oto3 1 Oto3 66
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Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte | 4th byt
Register direct DAA Rd 0 | F 0 | rd

Notes

Valid results (8-bit register Rd contentsand C, V, Z, N, and H flags) are not assured i
instruction is executed under conditions other than those described above.

RENESAS
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N: Setto1if the adjusted result i
DAS R .
S Rd otherwise cleared to 0.
Z: Setto lif the adjusted result i
otherwise cleared to 0.
Operand Size V: Undetermined (no guaranteed
C: Previous value remains unchar
Byte
Description

Given that the result of a subtraction operation performed by a SUB.B, SUBX.B, or NE
instruction on 4-bit BCD datais contained in an 8-bit register Rd and the carry and hal
flags, the DAS instruction adjusts the contents of the 8-bit register Rd (destination oper
adding H'00, H'FA, H'A0, or H'9A according to the table below.

C Flag Upper 4 Bits H Flag Lower 4 Bits Value
before before before before Added
Adjustment | Adjustment | Adjustment | Adjustment |(Hexadecimal)| Ac
0 Oto9 0 Oto9 00
0 Oto8 1 6toF FA
1 7toF 0 0to 9 AO
1 6toF 1 6toF 9A

Available Registers
Rd: ROL to R7L, ROH to R7H
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Notes

Valid results (8-bit register Rd contentsand C, V, Z, N, and H flags) are not assured i
instruction is executed under conditions other than those described above.
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I

FIEVIOUS Value Iremalris uricrial

Assembly-L anguage For mat
N: Setto1if theresult is negative

DEC. B Rd
cleared to O.
Z: Settolif theresultiszero; ot
cleared to 0.
Operand Size V: Setto 1lif anoverflow occurs,
cleared to 0.
Byte . .
C: Previous value remains unchar
Description

This instruction decrements an 8-bit register Rd (destination operand) and stores the re
8-bit register Rd.

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Register direct DEC.B Rd 1 A 0 rd
Notes

An overflow is caused by the operation H'80 -1 - H'7F.
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Assembly-L anguage For mat

1

FIEVIOUS Val ue Iermalris uricri

DEC. W #1, Rd N: ze;;rc;dltlé tohe result is negatiy
DEC. W #2, R )
c  Rd Z: Setto lif theresultiszero; c
cleared to 0.
Operand Size V: Setto 1if an overflow occurs
cleared to 0.
Word . .
C: Previous value remains unch
Description

This instruction subtracts the immediate value 1 or 2 from the contents of a 16-bit reg
(destination operand) and stores the result in the 16-bit register Rd.

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byt
Register direct DEC.W #1, Rd 1 B 5 rd
Register direct DEC.W #2, Rd 1 B D rd

Notes

An overflow is caused by the operations H'8000 — 1 — H'7FFF, H'8000 -2 - H'7FF

H'8001 -2 - H'7FFF.
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DEC. L #1, ERd N: ze;;rc;dltlé tohe result is negative
DEC. L #2, ERd o .

Z: Settolif theresultiszero; ot

cleared to 0.

Operand Size V: Setto 1if an overflow occurs;
Longword CI eargd 0. .

C: Previous value remains unchar
Description

Thisinstruction subtracts the immediate value 1 or 2 from the contents of a 32-bit regis
(destination operand) and stores the result in the 32-bit register ERd.

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Instruction Format

Addressing .
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Register direct DEC.L #1, ERd 1 B 7 |0lerd
Register direct DEC.L #2, ERd 1 B F i0jerd

Notes

An overflow is caused by the operations H'80000000 — 1 — H'7FFFFFFF, H'8000000(
H'7FFFFFFE, and H'80000001 —2 - H'7FFFFFFF.
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I

FTEVIOUS Value remmal s urcri

N: Setto1if the quotient is neg:
otherwise cleared to 0.

Z: Settolif thedivisor iszero;

Assembly-L anguage For mat
Dl VXS. B Rs, Rd

cleared to 0.
Operand Size V: Previous value remains unch:
C: Previous value remains unch
Byte
Description

This instruction divides the contents of a 16-bit register Rd (destination operand) by ti
of an 8-hit register Rs (source operand) and stores the result in the 16-bit register Rd.
issigned. The operation performed is 16 bits + 8 bits - 8-bit quotient and 8-hit remai
quotient is placed in the lower 8 bits of Rd. The remainder is placed in the upper 8 bit
sign of the remainder matches the sign of the dividend.

Rd Rs Rd
Dividend ‘ + ‘ Divisor ‘ - ‘ Remainder | Quotient
16 bits 8 bits 8 bits 8 bits

Valid results are not assured if division by zero is attempted or an overflow occurs.

Available Registers

Rd: ROto R7, EOto E7
Rs: ROL to R7L, ROH to R7H
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Notes

The N flag is set to 1 if the dividend and divisor have different signs, and cleared to O i
the same sign. The N flag may therefore be set to 1 when the quotient is zero.
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I

FTEVIOUS Value remmal s urcri

N: Setto1if the quotient is neg:
otherwise cleared to 0.

Z: Settolif thedivisor iszero;

Assembly-L anguage For mat
Dl VXS. W Rs, ERd

cleared to 0.
Operand Size V: Previous value remains unch:
C: Previous value remains unch
Word
Description

This instruction divides the contents of a 32-bit register ERd (destination operand) by
of a 16-hit register Rs (source operand) and stores the result in the 32-bit register ERC
division is signed. The operation performed is 32 bits + 16 bits — 16-bit quotient and
remainder. The quotient is placed in the lower 16 bits (Rd) of the 32-bit register ERd.
remainder is placed in the upper 16 bits (Ed). The sign of the remainder matches the <
dividend.

ERd Rs ERd
Dividend ‘ + ‘ Divisor ‘ - ‘ Remainder | Quotient
32 bits 16 bits 16 bits 16 bits

Valid results are not assured if division by zero is attempted or an overflow occurs.

Available Registers

ERd: ERO to ER7
Rs. ROtoR7,EOQOtoE7
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Notes

The N flag is set to 1 if the dividend and divisor have different signs, and cleared to O i
the same sign. The N flag may therefore be set to 1 when the quotient is zero.
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I

FTEVIOUS Value remmal s urcri

N: Setto1if thedivisor is negat
otherwise cleared to 0.

Z: Settolif thedivisor iszero;

Assembly-L anguage For mat
Dl VXU. B Rs, Rd

cleared to 0.
Operand Size V: Previous value remains unch:
C: Previous value remains unch
Byte
Description

This instruction divides the contents of a 16-bit register Rd (destination operand) by ti
of an 8-hit register Rs (source operand) and stores the result in the 16-bit register Rd.
isunsigned. The operation performed is 16 bits + 8 bits - 8-bit quotient and 8-bit rer
quotient is placed in the lower 8 bits of Rd. The remainder is placed in the upper 8 bit

Rd Rs Rd
Dividend ‘ + ‘ Divisor ‘ - ‘ Remainder | Quotient
16 bits 8 bits 8 bits 8 bits

Valid results are not assured if division by zero is attempted or an overflow occurs.

Available Registers

Rd: ROto R7, EOto E7
Rs: ROL to R7L, ROH to R7H
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Notes
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I

FTEVIOUS Value remmal s urcri

N: Setto1if thedivisor is negat
otherwise cleared to 0.

Z: Settolif thedivisor iszero;

Assembly-L anguage For mat
DI VXU. W Rs, ERd

cleared to 0.
Operand Size V: Previous value remains unch:
C: Previous value remains unch
Word
Description

This instruction divides the contents of a 32-bit register ERd (destination operand) by
of a 16-hit register Rs (source register) and stores the result in the 32-bit register ERd.
division isunsigned. The operation performed is 32 bits + 16 bits — 16-bit quotient a
remainder. The quotient is placed in the lower 16 bits (Rd) of the 32-bit register ERd.
remainder is placed in the upper 16 bits of (Ed).

ERd Rs ERd
Dividend ‘ + ‘ Divisor ‘ - ‘ Remainder‘ Quotient
32 bits 16 bits 16 bits 16 bits

Valid results are not assured if division by zero is attempted or an overflow occurs.

Available Registers

ERd: ERO to ER7
Rs: ROtoR7,EOto E7
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Notes
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FTEVIOUS Value remmal s urcri
Previous value remains unch:
Previous value remains unch:
Previous value remains unch:
Previous value remains unch:

else next;

Assembly-L anguage For mat
EEPMOV. B

Operand Size

Description

Thisinstruction performs a block data transfer. It moves data from the memory locatit
in ERS to the memory location specified in ERG, increments ER5 and ER6, decremen
repeats these operations until R4L reaches zero. Execution then proceeds to the next i
The datatransfer is performed a byte at atime, with R4L indicating the number of by
transferred. The byte symbol in the assembly-language format designates the size of F
limits the maximum number of bytes that can be transferred to 255). No interrupts are
while the block transfer isin progress.

When the EEPM OV .B instruction ends, R4L contains O (zero), and ER5 and ERG6 cor
transfer address + 1.

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt
— EEPMOV.B 7iB | 5i{cC | 5i9 | 81l

Note: * nis the initial value of R4L. Although n bytes of data are transferred, 2(n + 1) data acce:
performed, requiring 2(n + 1) states. (n =0, 1, 2, ..., 255).

Notes

This instruction first reads the memory locations indicated by ER5 and ERG, then carr
block datatransfer.
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. FIrevious vaue rermalris urcria
else next; . .

N: Previous value remains unchal
Assembly-L anguage For mat Z: Previous value remains uncha
EEPNOV. W V: Prev! ousvaue rema! ns unchai

C: Previousvalue remains unchai
Operand Size
Description

Thisinstruction performs ablock data transfer. It moves data from the memory locatiol
in ER5 to the memory location specified in ER6, increments ER5 and ER6, decrement:
repeats these operations until R4 reaches zero. Execution then proceeds to the next inst
The datatransfer is performed a byte at atime, with R4 indicating the number of bytes
transferred. The word symbol in the assembly-language format designates the size of R
amaximum 65535 bytesto be transferred). All interrupts are detected while the block
in progress.

If no interrupt occurs while the EEPMOV.W instruction is executing, when the EEPM|
instruction ends, R4 contains 0 (zero), and ER5 and ER6 contain the last transfer addre

If an interrupt occurs, interrupt exception handling begins after the current byte has bes
transferred. R4 indicates the number of bytes remaining to be transferred. ER5 and ER
the next transfer addresses. The program counter val ue pushed onto the stack in interru
exception handling is the address of the next instruction after the EEPMOV.W instruct

See the note on EEPMOV.W instruction and interrupt.
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Note: * nis the initial value of R4. Although n bytes of data are transferred, 2(n + 1) data access
performed, requiring 2(n + 1) states. (n =0, 1, 2, ..., 65535).

Notes

Thisinstruction first reads memory at the addresses indicated by ER5 and ERG, then ¢
the block data transfer.

EEPMOV.W Instruction and I nterrupt

If an interrupt request occurs while the EEPMOV.W instruction is being executed, int
exception handling is carried out after the current byte has been transferred. Register «
then asfollows:

ER5: address of the next byte to be transferred
ERG6: destination address of the next byte
R4:  number of bytes remaining to be transferred

The program counter value pushed on the stack in interrupt exception handling is the
the next instruction after the EEPMOV.W instruction. Programs should be coded as f
alow for interrupts during execution of the EEPMOV.W instruction.

Example:

L1: EEPMOV. W
MOV. W R4, R4
BNE L1

Interrupt requests other than NMI are not accepted if they are masked in the CPU.

During execution of the EEPMQV .B instruction no interrupts are accepted, including
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I

FIEVIOUS Value Iremalris uricrial

EXTS. W Rd N: Setto1if theresult isnegative
cleared to O.
Z: Settolif theresultiszero; ot
- cleared to 0.
Operand Size V: Alwayscleared to 0.
Word C: Previous value remains uncha
Description

Thisinstruction copies the sign of the lower 8 bitsin a 16-bit register Rd in the upward
(copies Rd hit 7 to bits 15 to 8) to extend the data to signed word data.

Rd
Bit 15 7 0
| Dont care
8 bits T 8 bits
Sign bit

Rd

Bit 15 7

| —> |Sign extension | !

8 bits 8 bits

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Instruction Format

Addressing .
Mnemonic | Operands
Mode ist byte | 2nd byte | 3rd byte | 4th byte
Register direct EXTS.W Rd 147 D {rd

Notes

Rev. 4.00 Feb 24, 2006 page 112 of 322

REJ09B0139-0400

RENESAS



MMy T igudaygts T Hidt . FIevious vValue rermalrls urcrie
EXTS. L ERd N: Setto1if theresult is negatiy
cleared to O.
Z: Settolif theresultiszero; c
- cleared to 0.
Operand Size
P V: Alwayscleared to 0.
L ongword C: Previous value remains unch:
Description

Thisinstruction copies the sign of the lower 16 bitsin a 32-bit register ERd in the upv
direction (copies ERd bit 15 to bits 31 to 16) to extend the data to signed longword dz

ERd ERd
Bit 31 15 0 Bit 31 15
| Don't care ! | — | Sign extension | |
16 bits T 16 bits 16 bits 16 bits
Sign bit
Available Registers
ERd: ERO to ER7
Operand Format and Number of States Required for Execution
; Instruction Format
Addressing Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte | 4th byt
Register direct EXTS.L ERd 147 F EOEerd

Notes

Rev. 4.00 Feb 24, 2006 pag
REJO!

RENESAS



MootlV y"Ldllyuaye vl iliat

EXTU. W Rd

Operand Size
Word

I

FTEVIOUS Value remalrs urcrial
Always cleared to 0.

Set to 1if theresult is zero; otl
cleared to 0.

Always cleared to 0.

Previous value remains unchai

Description

This instruction extends the lower 8 bitsin a 16-bit register Rd to word data by paddin
zeros. That is, it clears the upper 8 bits of Rd (bits 15to 8) to 0.

Rd
Bit 15 7

0

Don't care

Rd

Bit 15 7

| — |Zero extension

8 bits

8 bits

8 bits 8 bits

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
Register direct EXTU.W Rd 117 5 i rd

Notes
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MotlVl y"Ldllyuaye vl iliac . Frevious vaue reriais uricri
EXTU. L ERd N: Alwayscleared to 0.
Z: Settolif theresultiszero; c

cleared to 0.
V: Alwayscleared to 0.
C: Previous value remains unch

Operand Size
Longword

Description
Thisinstruction extends the lower 16 bits (general register Rd) in a 32-bit register ER
longword data by padding with zeros. That is, it clears the upper 16 bits of ERd (bits

0.
ERd ERd

Bit 31 15 0 Bit 31 15
Don't care ! | e | Zero extension
16 bits 16 bits 16 bits 16 bits

Available Registers
ERd: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte | 4th byt
Register direct EXTU.L ERd 1 {7 | 7 ioierd
Notes
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I

FIEVIOUS Value Iremalris uricrial

Assembly-L anguage For mat
N: Setto1if theresult is negative

I NC. B Rd
cleared to O.
Z: Settolif theresultiszero; ot
cleared to 0.
Operand Size V: Setto 1lif anoverflow occurs,
cleared to 0.
Byte . .
C: Previous value remains unchar
Description

This instruction increments an 8-bit register Rd (destination operand) and stores the res
8-bit register Rd.

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Register direct INC.B Rd 0 A 0 rd
Notes

An overflow is caused by the operation H'7F + 1 - H'80.
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Assembly-L anguage For mat

1

FIEVIOUS Val ue Iermalris uricri

| NC. W #1, Rd N: ze;;rc;dltlé tohe result is negatiy
I NC. W #2, R )
C  Rd Z: Setto lif theresultiszero; c
cleared to 0.
Operand Size V: Setto 1if an overflow occurs
cleared to 0.
Word . .
C: Previous value remains unch
Description

This instruction adds the immediate value 1 or 2 to the contents of a 16-bit register Rc

operand) and stores the result in the 16-bit register Rd.

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byt
Register direct INC.W #1, Rd 0 B 5 rd
Register direct INC.W #2, Rd 0 B D rd

Notes

An overflow is caused by the operations H'7FFF + 1 - H'8000, H'7FFF + 2 — H'80C

H'7FFE + 2 - H'8000.
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I

FIEVIOUS Value Iremalris uricrial

Assembly-L anguage For mat
N: Setto1if theresult is negative

INC. L #1, ERd cleared to 0
INC. L #2,ER )
C  ERd Z: Setto 1if theresult iszero; ot
cleared to 0.
Operand Size V: Setto 1lif anoverflow occurs,
L ongword cleared to 0.
C: Previous value remains unchar
Description

Thisinstruction adds the immediate value 1 or 2 to the contents of a 32-bit register ER«
(destination operand) and stores the result in the 32-bit register ERd.

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Register direct INC.L #1, ERd 0 B 7 |0lerd
Register direct INC.L #2, ERd 0 B F i0jerd
Notes

An overflow is caused by the operations H'7FFFFFFF + 1 . H'80000000, H'7FFFFFF
H'80000001, and H'7FFFFFFE + 2 - H'80000000.
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Amb|y-L anguage For mat . Frevious value rermlal s urcri
N: Previ \Y r ins unch:

IVP <EA> ev.ous alue ema! s unch:
Z: Previous value remains unch
V: Previous vaue remains unch:
C: Previousvalue remains unch

Operand Size

Description

Thisinstruction branches unconditionally to a specified effective address.

Available Registers
ERn: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing Instruction Format No.
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte Normal
Register indirect JMP @ERnN 5 9 Oéerné 0
Absolute address JMP @aa:24 5 A abs
Memory indirect JMP @@aa:8 5 B abs ‘ ‘ 4
Notes

The structure of the branch address and the number of states required for execution di
normal mode and advanced mode.

Ensure that the branch destination addressis even.
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Assembly-L anguage For mat

JSR <EA>

Operand Size

FTEVIOUS Value remalrs urcrial
Previous value remains unchal
Previous value remains unchai
Previous value remains uncha
Previous value remains uncha

Description

This instruction pushes the program counter onto the stack as a return address, then bre
specified effective address. The program counter value pushed onto the stack is the adc
instruction following the JSR instruction.

Available Registers
ERn: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing Instruction Format No. o
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte Normal
Register indirect JSR @ERN 5 D Ogerng 0 3
Absolute address JSR @aa:24 5 E abs 4
Memory indirect JSR @@aa:8 5 F abs ‘ ‘ 4
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source operand.
LDC. B <BAs> CCR H: Loaded from the correspondin
source operand.
N: Loaded from the correspondin
Operand Size source operand.
Z: Loaded from the correspondin
Byte
source operand.
V: Loaded from the correspondin
source operand.
C: Loaded from the correspondin
source operand.
Description

Thisinstruction loads the source operand contents into the condition-code register (CC

No interrupt requests, including NMI, are accepted immediately after execution of this

Available Registers
Rs. ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
Immediate LDC.B #xx:8,CCR| O 7 IMM
Register direct LDC.B Rs, CCR 0 3 0 irs
Notes
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LDC. B <EAs>, EXR N: Prev!ous value rema! ns unch
Z: Previous value remains unch
V: Previous vaue remains unch:
C: Previousvalue remains unch

Operand Size

Byte

Description

Thisinstruction loads the source operand contents into the extended control register (|

No interrupt requests, including NMI, are accepted for three states after execution of t

instruction.

Available Registers
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byt
Immediate LDC.B #xx:8, EXR | 0 1 4 1 0 7 IMM
Register direct LDC.B Rs, EXR 0 3 1 rs

Notes
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Assembly-L anguage For mat
LDC. W <EAs>, CCR

Operand Size
Word

L Oaded Irom the correspondin
source operand.
Loaded from the correspondin
source operand.
L oaded from the correspondin
source operand.
Loaded from the correspondin
source operand.
Loaded from the correspondin
source operand.
L oaded from the correspondin
source operand.

Description

Thisinstruction loads the source operand contents into the condition-code register (CC
Although CCR is a byte register, the source operand isword size. The contents of the €

are loaded into CCR.

No interrupt requests, including NMI, are accepted immediately after execution of this

Available Registers
ERs. EROto ER7
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LDC. W <EAs>, EXR N: Prev!ous value rema! ns unchar
Z: Previous value remains unchar
V: Previous vaue remains uncha
C: Previousvalue remains unchai

Operand Size

Word

Description

This instruction loads the source operand contents into the extended control register (E
Although EXR is abyte register, the source operand is word size. The contents of the €
areloaded into EXR.

No interrupt requests, including NMI, are accepted for three states after execution of tf
instruction.

Available Registers
ERs. EROto ER7
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. . N: Previous value remains unchal
LDM L SP+, <register list> . .
@ €9 Z: Previous value remains unchar
V: Previous vaue remains uncha
C: Previousvalue remains unchai
Operand Size
Longword
Description

This instruction restores data saved on the stack to a specified list of registers. Register
restored in descending order of register number.

Two, three, or four registers can be restored by one LDM instruction. The following ra
specified in the register list.

Two registers: ERO-ER1, ER2—ER3, ER4-ERS5, or ER6-ER7
Threeregisters: ERO-ER2 or ER4-ER6
Four registers. ERO-ER3 or ER4-ER7

Available Registers
ERn: EROto ER7
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AT T T T,

LDM.L

@SP+,
(ERN-ERN+2)

LDM.L

@SP+,
(ERN-ERN+3)

Notes
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. N: Previous value remains unchal
LDMAC ERs, MAC register . .
S d Z: Previous value remains unchar
V: Previous vaue remains uncha
Operand Size C: Previous value remains uncha
Longword
Description

Thisinstruction moves the contents of a general register to a multiply-accumulate regis
or MACL). If thetransfer isto MACH, only the lowest 10 bits of the general register a

transferred.
Supported only by the H85/2600 CPU.

Available Registers
ERs. EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
Register direct LDMAC |ERs, MACH| 0 3 2 iOiers
Register direct LDMAC |ERs,MACL| O 3 3 iOiers

Note: * A maximum of three additional states are required for execution of this instruction within t
after execution of a MAC instruction. For example, if there is a one-state instruction (such
between the MAC instruction and this instruction, this instruction will be two states longer

The number of states may differ depending on the product. For details, refer to the releva
microcontroller hardware manual of the product in question.

Notes

Execution of thisinstruction clears the overflow flag in the multiplier to O.
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. FIevious vValue rermalrls urcrie

Assembly-L anguage For mat N: Previous value remains unch
Z: Previous value remains unch

MAC @ERN+, @ERmM+ . .

@ @ V: Previous vaue remains unch:

C: Previousvalue remains unch

Operand Size

Description

Thisinstruction performs signed multiplication on two 16-bit operands at addresses g
contents of general registers ERn and ERm, adds the 32-bit product to the contents of
register, and stores the sum in the MAC register. After this operation, ERn and ERm ¢
incremented by 2.

The operation can be carried out in saturating or non-saturating mode, depending on t
bit in a system control register. (SY SCR)

See the relevant hardware manual for further information.

In non-saturating mode, MACH and MACL are concatenated to store a 42-bit result.
bit 41 is copied into the upper 22 bits of MACH as asign extension.

In saturating mode, only MACL isvalid, and the result is limited to the range from H'
(minimum value) to H'7FFFFFFF (maximum value). If the result overflows in the neg
direction, H'80000000 (the minimum value) is stored in MACL. If the result overflow
positive direction, H'7FFFFFFF (the maximum value) is stored in MACL. The LSB o
register indicates the status of the overflow flag (V-MULT) in the multiplier. Other bi
their previous contents.

Thisinstruction is supported only by the H8S/2600 CPU.
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T o ERM+
post-increment ‘ ‘ @ERm ‘

Notes

1

Flags (N, Z, V) indicating the result of the MAC instruction can be set in the condit
register (CCR) by the STMAC instruction.

If ERn and ERm are the same register, the execution addresses are ERn and ERn +
execution, the value of ERnisERn + 4.

If MACSis modified during execution of aMAC instruction, the result cannot be ¢
It isessential to wait for at least three states after a MAC instruction before modify

Further Explanation of Instructions Using Multiplier

1. Modification of flags

The multiplier hasN-MULT, Z-MULT, and V-MULT flags that indicate the result:
instructions. These flags are separated from the condition-code register (CCR). The
these flags can be set inthe N, Z, and V flags of the CCR only by the STMAC instr

N-MULT and Z-MULT are modified only by MAC instructions. V-MULT retains
indicating whether an overflow has occurred in the past, until it is cleared by execu
CLRMAC or LDMAC instruction.

The setting and clearing conditions for these flags are given below.
¢ N-MULT (negative flag)

Saturating mode Set when bit 31 of register MACL is set to 1 by executic
MAC instruction

Cleared when bit 31 of register MACL is cleared to O by
of a MAC instruction

Non-saturating mode | Set when bit 41 of register MACH is set to 1 by executic
MAC instruction

Cleared when bit 41 of register MACH is cleared to O by
of a MAC instruction
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Non-saturating mode

Set when registers MACH and MACL are both cleared
execution of a MAC instruction

Cleared when register MACH or MACL is not cleared t
execution of a MAC instruction

e V-MULT (overflow flag

)

Saturating mode

Set when the result of the MAC instruction overflows tl
from H'80000000 (minimum) to H'7FFFFFFF (maximu

Cleared when a CLRMAC or LDMAC instruction is exe

Note: Not cleared when the result of the MAC instruc
the above range

Non-saturating mode

Set when the result of the MAC instruction overflows tl
from H'20000000000 (minimum) to H'AFFFFFFFFFF (

Cleared when a CLRMAC or LDMAC instruction is exe

Note: Not cleared when the result of the MAC instruc
the above range

The N-MULT, Z-MULT, and V-MULT flags are not modified by switching b
saturating and non-saturating modes, or by execution of amultiply instruction

MULXS).
2. Example

CLRVAC
MAC  @Rl+, @GR2+

MAC @R1+, @GER2+ [ Overflow occurs

MAC @R1+, @GER2+ [ Result=0

NOP

STMAC MACH, ER3 ~M CCR(N=0,Z=1,V=1)

CLRVAC

STMAC MACH,ER3 I CCR(N=0,Z=1,V=0)
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I

FIEVIOUS Value Iremalris uricrial

Assembly-L anguage For mat
N: Setto1if thetransferred data

MV. B Rs,Rd otherwise cleared to 0.
Z: Settolif thetransferred data
otherwise cleared to 0.
Operand Size V: Alwayscleared to 0.
C: Previous value remains uncha
Byte
Description

This instruction transfers one byte of datafrom an 8-bit register Rsto an 8-bit register |
transferred data, and sets condition-code flags according to the result.

Available Registers

Rs: ROL to R7L, ROH to R7H
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode ist byte | 2nd byte | 3rd byte | 4th byte
Register direct MOV.B Rs, Rd 0| cC rs | rd
Notes

Rev. 4.00 Feb 24, 2006 page 134 of 322
REJ09B0139-0400
LENESAS



MOV. W Rs, Rd N: Setto 1 if the transferred dat:
otherwise cleared to 0.
Z: Setto 1if thetransferred datz
otherwise cleared to 0.
Operand Size V: Alwaysclearedto 0.
C: Previous value remains unch
Word
Description

This instruction transfers one word of datafrom a 16-bit register Rsto a 16-bit registe
the transferred data, and sets condition-code flags according to the result.

Available Registers

Rd: ROto R7, EOto E7
Rs. ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte | 4th byt
Register direct MOV.W Rs, Rd 0 D rs | rd

Notes
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I

FTEVIOUS Value remalrs urcrial

N: Setto1if thetransferred data
otherwise cleared to 0.

Z: Settolif thetransferred data
otherwise cleared to 0.

V: Alwayscleared to 0.

C: Previous value remains uncha

Assembly-L anguage For mat
MOV. L ERs, ERd

Operand Size
Longword

Description

This instruction transfers one word of datafrom a 32-bit register ERsto a 32-bit registe
tests the transferred data, and sets condition-code flags according to the result.

Available Registers

ERd: ERO to ER7
ERs: EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode ist byte | 2nd byte | 3rd byte | 4th byte
Register direct MOV.L ERs,ERd | 0 | F |liersiOjerd
Notes
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MOV. B <EAs>, Rd N: Setto 1 if the transferred dat:
otherwise cleared to 0.
Z: Setto 1if thetransferred datz
otherwise cleared to 0.
Operand Size V: Alwaysclearedto 0.
C: Previous value remains unch
Byte
Description

This instruction transfers the source operand contents to an 8-bit register Rd, tests the
data, and sets condition-code flags according to the result.

Available Registers

Rd: ROL to R7L, ROH to R7H

ERs: EROto ER7
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MOV. W <EAs>. Rd N: Setto 1 if the transferred dat:
otherwise cleared to 0.
Z: Setto 1if thetransferred datz
otherwise cleared to 0.
Operand Size V: Alwaysclearedto 0.
C: Previous value remains unch
Word
Description

This instruction transfers the source operand contents to a 16-bit register Rd, tests the
data, and sets condition-code flags according to the result.

Available Registers

Rd: ROtoR7, EOto E7
ERs: EROto ER7
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MOV, L <EAs>, ERd N: Setto 1 if the transferred dat:
otherwise cleared to 0.
Z: Setto 1if thetransferred datz
otherwise cleared to 0.
Operand Size V: Alwaysclearedto 0.
C: Previous value remains unch
Longword
Description

This instruction transfers the source operand contents to a specified 32-bit register (EF
transferred data, and sets condition-code flags according to the result. The first memo
located at the effective addressis stored in extended register Ed. The next word is stot

general register Rd.

/_\/
MSB

ﬁ LSB
L~ J

ERd | Ed

RdH

RdL |

Available Registers

ERs: EROto ER7
ERd: ERO to ER7

Rev. 4.00 Feb 24, 2006 pag
REJO!

RENESAS



'PE3 1dOd 01 [eanuap!SI YT ‘+,4®@ TAOW ‘Sfenbue|suiydew ul g
'SS9.pPe Ua/AS Ue Te paIed0| 8q 1SNl <S> pueledo adinosayl T

SO1ON
sqe pi gi9|0io0|Tio0 py3 ‘zeeR® TAOW

: : ssaippe

: aN|osqy
sqe pi a:9|0:0|T:0 py3 ‘9T:eR® TAOW

jusawiaioul

: : . . -1sod ynm

pi a:o9 |0 m 0| T :0 py3 ‘+sY30© TAOW JooupUl

1915169y

dsip z | 8:9 8 2|00 | T !0 |pu3(suazen®| TAOW jusw

H : -aoe|dsip

: : Uim 30811pul

dsip pia: 4:9 0 0 T 0 | PY3(s¥3 ‘9T:P)® | TAOW 1918169y

: . X 108J1pUl

pi 6 W 9 l0:i0 | T o0 py3 'sH30 TAOW Ja1siBoy

WII 0|V iz Py ‘ZeXXH# TAOW arelpauw|

a1kq uie | @1Aq uig | @1kq ui | @14q ui9 7 a14q yig 7 a14q fl a1Aq pJg | @1hq puz | @1AqisT apo

spuelado JlUOWAUN

Buissalppy

Jewo4 uononIsu|

uoI1IN29X3 J0J Palinbay S91eIS JO JequinN pue Tew o4 pueodQO

, 2006 page 142 of 322

Rev. 4.00 Feb 24

REJ09B0139-0400

RENESAS



MOV. B Rs, <EAd> N: Setto 1 if the transferred dat:
otherwise cleared to 0.
Z: Setto 1if thetransferred datz
otherwise cleared to 0.
Operand Size V: Alwaysclearedto 0.
C: Previous value remains unch
Byte
Description

This instruction transfers the contents of an 8-bit register Rs (source operand) to a des
location, tests the transferred data, and sets condition-code flags according to the resu

Available Registers

Rs: ROL to R7L, ROH to R7H

ERd: ERO to ER7
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MOV. W Rs, <EAd> N: Setto 1 if the transferred dat:
otherwise cleared to 0.
Z: Setto 1if thetransferred datz
otherwise cleared to 0.
Operand Size V: Alwaysclearedto 0.
C: Previous value remains unch
Word
Description

This instruction transfers the contents of a 16-bit register Rs (source operand) to a des
location, tests the transferred data, and sets condition-code flags according to the resu

Available Registers

Rs: ROtoR7,EOto E7
ERd: ERO to ER7
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N: Setto 1if thetransferred dat:
MOV. L ERs, <EAd> .
S otherwise cleared to 0.
Z: Setto 1if thetransferred datz
otherwise cleared to 0.
Operand Size V: Alwayscleared to 0.
C: Previous value remains unch
Longword
Description

This instruction transfers the contents of a 32-bit register ERs (source operand) to a dé
location, tests the transferred data, and sets condition-code flags according to the resu
extended register (ES) contents are stored at the first word indicated by the effective a
general register (Rs) contents are stored at the next word.

T~
» MSB

Yy Vv

ERs | Es

RsH

RsL |

Available Registers

ERs: EROto ER7
ERd: ERO to ER7
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MotlVl y"Ldllyuaye vl iliac

I

FTEVIOUS Value remmal s urcri

MOVFPE @aa:16, Rd N: Setto1if thetransferred dats
otherwise cleared to 0.

Z: Setto lif thetransferred date

otherwise cleared to 0.

Operand Size

P V: Alwayscleared to 0.
Byte C: Previous value remains unch:
Description

This instruction transfers memory contents specified by a 16-bit absolute address to a
register Rd in synchronization with an E clock, tests the transferred data, and sets con
flags according to the result.

Note: Avoid using thisinstruction in microcontrollers without an E clock output pin
single-chip mode.

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt
Absolute address | MOVFPE |@aa:16,Rd| 6 | A 4 i abs

Note: * For details, refer to the relevant microcontroller hardware manual.

Notes
1. Thisinstruction cannot be used with addressing modes other than the above, and ¢
transfer word data or longword data.

2. The number of states required for execution is variable. For details, refer to the rel
microcontroller hardware manual.
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MootlV y"Ldllyuaye vl iliat

I

FTEVIOUS Value remalrs urcrial

MOVTPE Rs, @aa:16 N: Setto1if thetransferred data
otherwise cleared to 0.

Z: Settolif thetransferred data

otherwise cleared to 0.

Operand Size

P V: Alwayscleared to 0.
Byte C: Previous value remains uncha
Description

Thisinstruction transfers the contents of a general register Rs (source operand) to a des
location specified by a 16-bit absolute address in synchronization with an E clock, test:
transferred data, and sets condition-code flags according to the result.

Note: Avoid using thisinstruction in microcontrollers without an E clock output pin,
single-chip mode.

Available Registers
Rs. ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
Absolute address | MOVTPE |Rs, @aa:16| 6 | A Cirs abs

Note: * For details, refer to the relevant microcontroller hardware manual.

Notes
1. Thisinstruction cannot be used with addressing modes other than the above, and cz
transfer word data or longword data.

2. The number of states required for execution is variable. For details, refer to the rele
microcontroller hardware manual.
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MJULXS. B Rs, Rd N. S€L 10 11T he Tresult 1S riegati

cleared to 0.
- Z: Setto lif theresultiszero;
Operand Size cleared to 0.
Byte V: Previous value remains unch:
C:. Previous value remains unch:
Description

This instruction multiplies the lower 8 bits of a 16-bit register Rd (destination operanc
contents of an 8-bit register Rs (source operand) as signed data and stores the resullt ir
register Rd. If Rd is one of general registers RO to R7, Rs can be the upper part (RdH)
part (RdL) of Rd. The operation performed is 8 bits x 8 bits — 16 bits signed multipli

Rd Rs Rd
‘Don’t care‘ Multiplicand ‘ X ‘ Multiplier ‘ - ‘ Product
8 bits 8 bits 16 bits

Available Registers

Rd: ROtoR7, EOto E7
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte | 4th byt

Register direct MULXS.B Rs, Rd 0 |1 c i o 5 {0 rs |r
Note: * The number of states in the H8S/2000 CPU is 13.

A maximum of three additional states are required for execution of this instruction within
after execution of a MAC instruction. For example, if there is a one-state instruction (suc
between the MAC instruction and this instruction, this instruction will be two states longe

The number of states may differ depending on the product. For details, refer to the relev
microcontroller hardware manual of the product in question.

Notes
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MJULXS. W Rs, ERd N. S€L 10 11T the resuit 15 rnegatl v

cleared to 0.
- Z: Setto 1lif theresultis zero; ot
Operand Size cleared to 0.
Word V: Previous value remains unchar
C: Previous value remains unchal
Description

This instruction multiplies the lower 16 bits of a 32-bit register ERd (destination opera
contents of a 16-bit register Rs (source operand) as signed data and stores the result in:
register ERd. Rs can be the upper part (Ed) or lower part (Rd) of ERd. The operation p
16 bits x 16 hits - 32 bits signed multiplication.

ERd Rs ERd
Don't care | Multiplicand ‘ X ‘ Multiplier ‘ - ‘ Product
16 bits 16 bits 32 hits

Available Registers

ERd: ERO to ER7
Rs: ROtoR7,EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format
Mnemonic | Operands
Mode ist byte | 2nd byte | 3rd byte | 4th byte

Register direct MULXS.W | Rs, ERd 0 |1 c i o 5 | 2 rs [0jel
Note: * The number of states in the H8S/2000 CPU is 21.

A maximum of three additional states are required for execution of this instruction within t
after execution of a MAC instruction. For example, if there is a one-state instruction (such
between the MAC instruction and this instruction, this instruction will be two states longer

The number of states may differ depending on the product. For details, refer to the releva
microcontroller hardware manual of the product in question.

Notes
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VULAU. B RS RO . FIevious vValue rermalrls urcrie

N: Previous value remains unch:

Operand Size Z: Prev!ous value rema! ns unch:

Byte V: Previous vaue remains unch:

y C: Previousvalue remains unch
Description

This instruction multiplies the lower 8 bits of a 16-bit register Rd (destination operanc
contents of an 8-bit register Rs (source operand) as unsigned data and stores the resuls
register Rd. If Rd is one of general registers RO to R7, Rs can be the upper part (RdH)
part (RdL) of Rd. The operation performed is 8 bits x 8 bits - 16 bits unsigned multi

Rd Rs Rd
‘Don’t care‘ Multiplicand ‘ X ‘ Multiplier ‘ - ‘ Product
8 bits 8 bits 16 bits

Available Registers

Rd: ROto R7, EOto E7
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt
Register direct MULXU.B Rs, Rd 5 {0 rs | rd

Note: * The number of states in the H8S/2000 CPU is 12.
A maximum of three additional states are required for execution of this instruction within
after execution of a MAC instruction. For example, if there is a one-state instruction (suc
between the MAC instruction and this instruction, this instruction will be two states longe
The number of states may differ depending on the product. For details, refer to the relev
microcontroller hardware manual of the product in question.

Notes
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VUL AU, VWV RS, ERO . FIrevious vaue rermalris urcria
N: Previous value remains unchal
Operand Size Z: Prev!ous value rema! ns unchar
V: Previous vaue remains uncha
Word ) . .
C: Previousvalue remains unchai
Description

This instruction multiplies the lower 16 bits of a 32-bit register ERd (destination opera
contents of a 16-bit register Rs (source operand) as unsigned data and stores the result |
register ERd. Rs can be the upper part (Ed) or lower part (Rd) of ERd. The operation p
16 bits x 16 hits — 32 bits unsigned multiplication.

ERd Rs ERd
Don't care | Multiplicand ‘ X ‘ Multiplier ‘ - ‘ Product
16 bits 16 bits 32 hits

Available Registers

ERd: ERO to ER7
Rs. ROtoR7,EOQtoE7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte

Register direct MULXU.W | Rs, ERd 5 | 2 rs {Ojerd
Note: * The number of states in the H8S/2000 CPU is 20.

A maximum of three additional states are required for execution of this instruction within t
after execution of a MAC instruction. For example, if there is a one-state instruction (such
between the MAC instruction and this instruction, this instruction will be two states longer

The number of states may differ depending on the product. For details, refer to the releva
microcontroller hardware manual of the product in question.

Notes
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Assembly-L anguage For mat
NEG B Rd

Operand Size
Byte

SCL L0 LT there 1s a DOMOW a
otherwise cleared to 0.

Set to 1if the result is negatiy
cleared to 0.

Set to 1if theresult is zero; ¢
cleared to 0.

Set to 1 if an overflow occur:
cleared to 0.

Setto 1 if thereisaborrow a
otherwise cleared to 0.

Description

This instruction takes the two’s complement of the contents of an 8-bit register Rd (dé
operand) and stores the result in the 8-bit register Rd (subtracting the register content:
If the original contents of Rd were H'80, however, the result remains H'80.

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byt
Register direct NEG.B Rd 147 8 ird

Notes

An overflow occursif the original contents of Rd were H'80.
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otherwise cleared to 0.

NEG W R . . .
G d N: Setto1if theresult is negative
cleared to 0.
Z: Settolif theresultiszero; ot
Operand Size cleared to 0.
Word V: Setto1if anoverflow occurs;
cleared to 0.
C. Settolif thereisaborrow at
otherwise cleared to 0.
Description

This instruction takes the two’s complement of the contents of a 16-bit register Rd (des
operand) and stores the result in the 16-bit register Rd (subtracting the register content:
H'0000). If the original contents of Rd were H'8000, however, the result remains H'80C

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
Register direct NEG.W Rd 1 7 9 rd
Notes

An overflow occursif the original contents of Rd were H'8000.
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Assembly-L anguage For mat
NEG L ERd

Operand Size
Longword

SCL L0 LT there 1s a DOMOW a
otherwise cleared to 0.

Set to 1if the result is negatiy
cleared to 0.

Set to 1if theresult is zero; ¢
cleared to 0.

Set to 1 if an overflow occur:
cleared to 0.

Setto 1 if thereisaborrow a
otherwise cleared to 0.

Description

This instruction takes the two’s complement of the contents of a 32-bit register ERd (i
operand) and stores the result in the 32-bit register ERd (subtracting the register conte
H'00000000). If the original contents of ERd were H'80000000, however, the result re

H'80000000.

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt
Register direct NEG.L ERd 1 {7 | B iolerd

Notes

An overflow occursif the original contents of ERd were H'80000000.
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N: Previous value remains unchal
NOP . .
Z: Previous value remains unchar
V: Previous vaue remains uncha
C: Previousvalue remains unchai
Operand Size
Description

Thisinstruction only increments the program counter, causing the next instruction to b
Theinterna state of the CPU does not change.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
— NOP 0 {0 ] 010
Notes
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Assembly-L anguage For mat

1

FIEVIOUS Val ue Iermalris uricri

NOT. B Rd N: Setto1if theresult is negatiy
cleared to O.
Z: Settolif theresultiszero; c
cleared to 0.
Operand Size V: Alwayscleared to 0.
C: Previous value remains unch
Byte
Description

This instruction takes the one’s complement of the contents of an 8-bit register Rd (de
operand) and stores the result in the 8-bit register Rd.

Available Registers

Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Instruction Format

Addressing .
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byt
Register direct NOT.B Rd 1 7 0 rd

Notes
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I

FTEVIOUS Value remalris urcriai
N: Setto1if theresult is negative

Assembly-L anguage For mat

NOT. W Rd cleared to 0.
Z: Settolif theresult iszero; ofl
cleared to 0.
Operand Size V: Alwayscleared to 0.
C: Previous value remains uncha
Word
Description

This instruction takes the one’s complement of the contents of a 16-bit register Rd (des
operand) and stores the result in the 16-bit register Rd.

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Register direct NOT.W Rd 1 7 1 rd
Notes
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Assembly-L anguage For mat

I

FIEVIOUS Val ue Iermalris uricri

NOT. L ERd N: Setto 1if the result is negatiy
cleared to O.
Z: Settolif theresultiszero; c
cleared to 0.
Operand Size V: Alwayscleared to 0.
C: Previous value remains unch
Longword
Description

This instruction takes the one’s complement of the contents of a 32-bit register ERd (¢
operand) and stores the result in the 32-bit register ERd.

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Instruction Format

Addressing .
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byt
Register direct NOT.L ERd 1 7 3 |0|erd

Notes
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Assembly-L anguage For mat

I

FIEVIOUS Value Iremalris uricrial

OR B <EAs>, Rd N: Setto1if theresult is negative
cleared to O.
Z: Settolif theresultiszero; ot
cleared to 0.
Operand Size V: Alwayscleared to 0.
C: Previous value remains unchar
Byte
Description

This instruction ORs the source operand with the contents of an 8-bit register Rd (desti
operand) and stores the result in the 8-bit register Rd.

Available Registers

Rd: ROL to R7L, ROH to R7H
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Instruction Format

Addressing .
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Immediate OR.B #xx:8, Rd C rd IMM
Register direct OR.B Rs, Rd 1 4 rs rd

Notes
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Assembly-L anguage For mat
OR W <EAs>, Rd

I

FTEVIOUS Value Temalris uncri
N: Setto1if theresult is negatiy

cleared to 0.
Z: Settolif theresultiszero; c
cleared to 0.
Operand Size V: Alwayscleared to 0.
C:. Previous value remains unch:
Word
Description

This instruction ORs the source operand with the contents of a 16-bit register Rd (des

operand) and stores the result

in the 16-bit register Rd.

Available Registers

Rd: ROto R7, EOto E7
Rs: ROto R7, EOto E7

Operand Format and Numb

er of States Required for Execution

Instruction Format

Addressing .
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte ‘ 4th byt
Immediate OR.W #xx:16, Rd 7 9 4 rd IMM
Register direct OR.W Rs, Rd 6 4 rs rd ‘
Notes
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I

FTEVIOUS Value remalris urcriai
N: Setto1if theresult is negative

Assembly-L anguage For mat
OR L <EAs>, ERd

cleared to 0.
Z: Settolif theresult iszero; ofl
cleared to 0.
Operand Size V: Alwayscleared to 0.
C: Previous value remains uncha
Longword
Description

This instruction ORs the source operand with the contents of a 32-bit register ERd (des
operand) and stores the result in the 32-bit register ERd.

Available Registers

ERd: ERO to ER7
ERs: EROto ER7

Operand Format and Number of States Required for Execution

Addressing Instruction Format
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte ‘ 5th byte ‘ 6th
Immediate OR.L #xx:32, ERd| 7 A 4 |0lerd IMM
Register direct OR.L ERs, ERd 0 1 F 0 6 4 ‘Ogersgogerd‘ ‘
Notes
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Assembly-L anguage For mat
ORC #xx:8, CCR

Operand Size
Byte

OSNzcITC®o

SLOres the CorrexPondaing it (
. Stores the corresponding bit «
Stores the corresponding bit
Stores the corresponding bit
Stores the corresponding bit
Stores the corresponding bit
Stores the corresponding bit
Stores the corresponding bit

Description

This instruction ORs the contents of the condition-code register (CCR) with immedia
stores the result in the condition-code register. No interrupt requests, including NMI,
immediately after execution of thisinstruction.

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byt
Immediate ORC #xx:8,CCR| O 4 IMM
Notes
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Assembly-L anguage For mat M. JOres e Corresponaing dit ol

ORC #xx:8, EXR N: Storesthe correspond! ng b!t of
Z: Storesthe corresponding bit of
V: Storesthe corresponding bit of
C. Storesthe corresponding bit of

Operand Size

Byte

Description

Thisinstruction ORSs the contents of the extended control register (EXR) with immedis
stores the result in the extended control register. No interrupt requests, including NMI,
accepted for three states after execution of thisinstruction.

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Immediate ORC |#x8EXR| 0 { 1 | 4 {1 | 0 | 4 IMM
Notes
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N: Setto 1if thetransferred dat:
POP. W Rn .
otherwise cleared to 0.
Z: Setto 1if thetransferred datz
otherwise cleared to 0.
Operand Size V: Alwayscleared to 0.
C: Previous value remains unch
Word
Description

This instruction restores data from the stack to a 16-bit general register Rn, tests the re
and sets condition-code flags according to the result.

Available Registers
Rn: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byt
— POP.W Rn 6 D 7 m
Notes

POP.W Rnisidentical to MOV.W @SP+, Rn.
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I

FIEVIOUS Value Iremalris uricrial

Assembly-L anguage For mat
N: Setto1if thetransferred data

POP. L ERn otherwise cleared to 0.
Z: Settolif thetransferred data
otherwise cleared to 0.
Operand Size V: Alwayscleared to 0.
C: Previous value remains uncha
Longword
Description

This instruction restores data from the stack to a 32-bit general register ERn, teststher
data, and sets condition-code flags according to the result.

Available Registers
ERn: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
— POP.L ERn o1 ]o0]o]s6|D]| 7 |
Notes

POP.L ERnisidentica to MOV.L @SP+, ERn.
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Assembly-L anguage For mat

I

FIEVIOUS Val ue Iermalris uricri

N: Setto1if thetransferred dats
PUSH W Rn otherwise cleared to 0.

Z: Setto lif thetransferred date

otherwise cleared to 0.

Operand Size V: Alwayscleared to 0.

C:. Previous value remains unch:
Word
Description

This instruction saves data from a 16-bit register Rn onto the stack, tests the saved dat
condition-code flags according to the result.

Available Registers
Rn: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Instruction Format

Addressing .
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt
— PUSH.W Rn 6 i D F im
Notes

1. PUSH.W Rnisidentical to MOV.W Rn, @-SP.

2. When PUSH.W R7 or PUSH.W E7 is executed, the value saved on the stack is the
value after effective address calculation (after ER7 is decremented by 2).
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Assembly-L anguage For mat

I

FIEVIOUS Value Iremalris uricrial

N: Setto1if thetransferred data
PUSH L ERn otherwise cleared to 0.

Z: Settolif thetransferred data

otherwise cleared to 0.

Operand Size V: Alwayscleared to 0.

C: Previous value remains uncha
Longword
Description

Thisinstruction pushes data from a 32-bit register ERn onto the stack, tests the saved o
sets condition-code flags according to the result.

Available Registers
ERn: ERO to ER7

Operand Format and Number of States Required for Execution

Instruction Format

Addressing .
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
— PUSH.L ERn 0 i1 0 i o0 6 { D F ioie
Notes

1. PUSH.L ERnisidentical to MOV.L ERn, @-SP.

2. When PUSH.L ERY7 is executed, the value saved on the stack is the ER7 value after
address calculation (after ER7 is decremented by 4).
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MMy "l igyhaygs A Thdat M. FTEVIOUS Vaue remans uricr
ROTL. B Rd N: Setto1if the result is negatiy
cleared to O.
Z: Setto lif theresultiszero; c
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Byte C: Receivesthe previousvauei
Description

This instruction rotates the bitsin an 8-bit register Rd (destination operand) one bit to
most significant bit (bit 7) isrotated to the least significant bit (bit 0), and also copied

flag.

MSB

LSB

C

b7

b0

Available Registers

Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte | 4th byt
Register direct ROTL.B Rd 1§ 2 8 {rd

Notes
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MMy "l igyhaygs B Thidat M. FIEVIOUS Value remans urichial
ROTL. B #2, Rd N: Setto1if theresult is negative
cleared to O.
Z: Setto lif theresultiszero; ot
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Byte C: Receivesthe previousvauein
Description

This instruction rotates the bitsin an 8-bit register Rd (destination operand) two bits to
The most significant two bits (bits 7 and 6) are rotated to the least significant two bits (
0), and bit 6 isaso copied to the carry flag.

MSB LSB

C b7 b6 bl boO

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Register direct ROTL.B #2, Rd 142 cid
Notes
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MMy "l igyhaygs A Thdat M. FTEVIOUS Vaue remans uricr
ROTL. W Rd N: Setto1if theresult is negatiy
cleared to O.
Z: Setto lif theresultiszero; c
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Word C: Receivesthe previousvauei
Description

This instruction rotates the bitsin a 16-bit register Rd (destination operand) one bit to
most significant bit (bit 15)is rotated to the least significant bit (bit 0), and also copiec

flag.

MSB

LSB

C

b15

b0

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte | 4th byt
Register direct ROTL.W Rd 1§ 2 9 i

Notes
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MootlV y"Ldllyuaye vl iliat

1

FIEVIOUS Value Iremalris uricrial

ROTL. W #2, Rd N: Setto1if theresult is negative
cleared to O.

Z: Setto lif theresultiszero; ot
cleared to O.

V: Alwayscleared to 0.

Word C: Receivesthe previous valuein

Operand Size

Description

This instruction rotates the bitsin a 16-bit register Rd (destination operand) two bits to
The most significant two bits (bits 15 and 14) are rotated to the least significant two bit
and 0), and bit 14 is also copied to the carry flag.

MSB LSB

C b15 bi4 bl bO

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte

Register direct ROTL.W #2, Rd 142 D ird

Notes
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MMy "l igyhaygs A Thdat M. FTEVIOUS Vaue remans uricr
ROTL. L ERd N: Setto1if theresult is negatiy
cleared to O.
Z: Setto lif theresultiszero; c
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Longword C: Receivesthe previousvauei
Description

This instruction rotates the bits in a 32-bit register ERd (destination operand) one bit t
The most significant bit (bit 31) is rotated to the least significant bit (bit 0), and also c

carry flag.

MSB

LSB

C

b31

b0

Available Registers
ERd: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte | 4th byt
Register direct ROTL.L ERd 1§ 2 B {0jerd

Notes
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MMy "l igyhaygs B Thidat M. FIEVIOUS Value remans urichial
ROTL. L #2, ERd N: Setto1if theresult is negative
cleared to O.
Z: Setto lif theresultiszero; ot
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Longword C: Receivesthe previousvauein
Description

This instruction rotates the bitsin a 32-bit register ERd (destination operand) two bitst
The most significant two bits (bits 31 and 30) are rotated to the least significant two bit
and 0), and bit 30 is also copied to the carry flag.

MSB

LSB

C

b31 b30

bl bO

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Register direct ROTL.L #2, ERd 142 F {oierd

Notes
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MMy "l igyhaygs A Thdat M. FTEVIOUS Vaue remans uricr
ROTR. B Rd N: Setto1if the result is negatiy
cleared to O.
Z: Setto lif theresultiszero; c
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Byte C: Receivesthe previousvauei
Description

This instruction rotates the bits in an 8-bit register Rd (destination operand) one bit to
The least significant bit (bit 0) is rotated to the most significant bit (bit 7), and also co

carry flag.

MSB LSB

b7 b0 C
Available Registers
Rd: ROL to R7L, ROH to R7H
Operand Format and Number of States Required for Execution
; Instruction Format
Addressing Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte | 4th byt

Register direct ROTR.B Rd 1 i 3 8 {rd

Notes
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MMy "l igyhaygs B Thidat M. FIEVIOUS Value remans urichial
ROTR. B #2, Rd N: Setto1if theresult is negative
cleared to O.
Z: Setto lif theresultiszero; ot
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Byte C: Receivesthe previousvauein
Description

This instruction rotates the bitsin an 8-bit register Rd (destination operand) two bits to
The least significant two bits (bits 1 and 0) are rotated to the most significant two bits (
6), and bit 1 is also copied to the carry flag.

MSB LSB

b7 b6 bl bO C

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Register direct ROTR.B #2, Rd 1413 cid
Notes

Rev. 4.00 Feb 24, 2006 page 178 of 322
REJ09B0139-0400
LENESAS



MMy "l igyhaygs A Thdat M. FTEVIOUS Vaue remans uricr
ROTR. W Rd N: Setto1if theresult is negatiy
cleared to O.
Z: Setto lif theresultiszero; c
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Word C: Receivesthe previousvauei
Description

This instruction rotates the bitsin a 16-bit register Rd (destination operand) one bit to
The least significant bit (bit 0) is rotated to the most significant bit (bit 15), and also c

carry flag.
MSB LSB
b15 b0 C
Available Registers
Rd: ROto R7, EOto E7
Operand Format and Number of States Required for Execution
; Instruction Format
Addressing Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte | 4th byt
Register direct ROTR.W Rd 1 i 3 9 i

Notes
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MMy "l igyhaygs B Thidat M. FIEVIOUS Value remans urichial
ROTR. W #2, Rd N: Setto1if theresult is negative
cleared to O.
Z: Setto lif theresultiszero; ot
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Word C: Receivesthe previousvauein
Description

This instruction rotates the bitsin a 16-bit register Rd (destination operand) two bits to
The least significant two bits (bits 1 and 0) are rotated to the most significant two bits (
14), and bit 1 isalso copied to the carry flag.

MSB

LSB

b15

b14

bl bO C

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Register direct ROTR.W #2, Rd 1413 D ird

Notes
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MMy "l igyhaygs A Thdat M. FTEVIOUS Vaue remans uricr
ROTR. L ERd N: Setto1if theresult is negatiy
cleared to O.
Z: Setto lif theresultiszero; c
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Longword C: Receivesthe previousvauei
Description

This instruction rotates the bits in a 32-bit register ERd (destination operand) one bit t
The least significant bit (bit 0) is rotated to the most significant bit (bit 31), and also c

carry flag.
MSB LSB
b31 b0 C
Available Registers
ERd: ERO to ER7
Operand Format and Number of States Required for Execution
; Instruction Format
Addressing Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte | 4th byt
Register direct ROTR.L ERd 1 i 3 B {0jerd

Notes
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MMy "l igyhaygs B Thidat M. FIEVIOUS Value remans urichial
ROTR. L #2, ERd N: Setto1if theresult is negative
cleared to O.
Z: Setto lif theresultiszero; ot
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Longword C: Receivesthe previousvauein
Description

This instruction rotates the bitsin a 32-bit register ERd (destination operand) two bitst
The least significant two bits (bits 1 and 0) are rotated to the most significant two bits (
30), and bit 1 isalso copied to the carry flag.

MSB

LSB

b31

b30

bl bO C

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Register direct ROTR.L #2, ERd 143 F {oierd

Notes
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MMy "l igyhaygs A Thdat M. FTEVIOUS Vaue remans uricr
ROTXL. B Rd N: Setto1if theresult is negatiy
cleared to O.
Z: Setto lif theresultiszero; c
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Byte C: Receivesthe previousvauei
Description

This instruction rotates the bits in an 8-bit register Rd (destination operand) one bit to
through the carry flag. The carry flag is rotated into the least significant bit (bit 0). Th
significant bit (bit 7) rotatesinto the carry flag.

MSB

LSB

b7

b0

Available Registers

Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte | 4th byt
Register direct ROTXL.B Rd 1 i 2 0 {rd

Notes
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MMy "l igyhaygs B Thidat M. FIEVIOUS Value remans urichial
ROTXL. B #2, Rd N: Setto1if theresult is negative
cleared to O.
Z: Setto lif theresultiszero; ot
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Byte C: Receivesthe previousvauein
Description

This instruction rotates the bitsin an 8-bit register Rd (destination operand) two bits to
through the carry flag. The carry flag rotates into bit 1, bit 7 rotates into bit 0, and bit 6
the carry flag.

MSB LSB

C b7 b6 bl b0

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Register direct ROTXL.B #2, Rd 1412 4 i
Notes
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MMy "l igyhaygs A Thdat M. FTEVIOUS Vaue remans uricr
ROTXL. W Rd N: Setto1if theresult is negatiy
cleared to O.
Z: Setto lif theresultiszero; c
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Word C: Receivesthe previousvauei
Description

This instruction rotates the bitsin a 16-bit register Rd (destination operand) one bit to
through the carry flag. The carry flag is rotated into the least significant bit (bit 0). Th
significant bit (bit 15) rotates into the carry flag.

MSB

LSB

b15

b0

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte | 4th byt
Register direct ROTXL.W Rd 1 i 2 1 i

Notes
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MMy "l igyhaygs B Thidat M. FIEVIOUS Value remans urichial
ROTXL. W #2, Rd N: Setto1if theresult is negative
cleared to O.
Z: Setto lif theresultiszero; ot
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Word C: Receivesthe previousvauein
Description

This instruction rotates the bitsin a 16-bit register Rd (destination operand) two bits to
through the carry flag. The carry flag rotates into bit 1, bit 15 rotates into bit O, and bit
into the carry flag.

MSB LSB

C b15 bl4 bl b0

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Register direct ROTXL.W #2, Rd 1412 5 {rd
Notes
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MMy "l igyhaygs A Thdat M. FTEVIOUS Vaue remans uricr
ROTXL. L ERd N: Setto1if theresult is negatiy
cleared to O.
Z: Setto lif theresultiszero; c
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Longword C: Receivesthe previousvauei
Description

This instruction rotates the bits in a 32-bit register ERd (destination operand) one bit t
through the carry flag. The carry flag is rotated into the least significant bit (bit 0). Th
significant bit (bit 31) rotates into the carry flag.

MSB

LSB

b31

b0

Available Registers
ERd: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte | 4th byt
Register direct ROTXL.L ERd 1412 3 {ojerd

Notes
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MMy "l igyhaygs B Thidat M. FIEVIOUS Value remans urichial
ROTXL. L #2, ERd N: Setto1if theresult is negative
cleared to O.
Z: Setto lif theresultiszero; ot
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Longword C: Receivesthe previousvauein
Description

This instruction rotates the bitsin a 32-bit register ERd (destination operand) two bitst
through the carry flag. The carry flag rotates into bit 1, bit 31 rotates into bit O, and bit

into into the carry flag.

MSB

LSB

b31 b30

bl b0

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Register direct ROTXL.L | #2, ERd 1 i 2 7 ioierd

Notes
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MMy "l igyhaygs A Thdat M. FTEVIOUS Vaue remans uricr
ROTXR. B Rd N: Setto1if theresult is negatiy
cleared to O.
Z: Setto lif theresultiszero; c
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Byte C: Receivesthe previousvauei
Description

This instruction rotates the bits in an 8-bit register Rd (destination operand) one bit to
through the carry flag. The carry flag is rotated into the most significant bit (bit 7). Tk
significant bit (bit 0) rotates into the carry flag.

MSB

LSB

b7

b0

Available Registers

Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte | 4th byt
Register direct ROTXR.B Rd 1 i 3 0 {rd

Notes
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MMy "l igyhaygs B Thidat M. FIEVIOUS Value remans urichial
ROTXR. B #2, Rd N: Setto1if theresult is negative
cleared to O.
Z: Setto lif theresultiszero; ot
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Byte C: Receivesthe previousvauein
Description

This instruction rotates the bitsin an 8-bit register Rd (destination operand) two bits to
through the carry flag. The carry flag rotates into bit 6, bit O rotates into bit 7, and bit 1
the carry flag.

MSB LSB

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte

Register direct ROTXR.B #2, Rd 143 4 i

Notes
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MMy "l igyhaygs A Thdat M. FTEVIOUS Vaue remans uricr
ROTXR. W Rd N: Setto1if theresult is negatiy
cleared to O.
Z: Setto lif theresultiszero; c
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Word C: Receivesthe previousvauei
Description

This instruction rotates the bitsin a 16-bit register Rd (destination operand) one bit to
through the carry flag. The carry flag is rotated into the most significant bit (bit 15). T
significant bit (bit 0) rotates into the carry flag.

MSB

LSB

b15

b0

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte | 4th byt
Register direct ROTXR.W Rd 1 i 3 1 i

Notes
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MMy "l igyhaygs B Thidat M. FIEVIOUS Value remans urichial
ROTXR. W #2, Rd N: Setto1if theresult is negative
cleared to O.
Z: Setto lif theresultiszero; ot
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Word C: Receivesthe previousvauein
Description

This instruction rotates the bitsin a 16-bit register Rd (destination operand) two bits to
through the carry flag. The carry flag rotates into bit 14, bit O rotates into bit 15, and bi
into the carry flag.

MSB LSB

C b15 bl4 bl b0

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte

Register direct ROTXR.W | #2,Rd 143 5 i rd

Notes
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MMy "l igyhaygs A Thdat M. FTEVIOUS Vaue remans uricr
ROTXR. L ERd N: Setto1if theresult is negatiy
cleared to O.
Z: Setto lif theresultiszero; c
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Longword C: Receivesthe previousvauei
Description

This instruction rotates the bits in a 32-bit register ERd (destination operand) one bit t
through the carry flag. The carry flag is rotated into the most significant bit (bit 31). T
significant bit (bit 0) rotates into the carry flag.

MSB

LSB

b31

b0

Available Registers
ERd: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte | 4th byt
Register direct ROTXR.L ERd 1 i 3 3 {0jerd

Notes
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ROTXR. L #2, ERd N: Setto1if theresult is negative
cleared to O.
Z: Setto lif theresultiszero; ot
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Longword C: Receivesthe previousvauein
Description

This instruction rotates the bitsin a 32-bit register ERd (destination operand) two bitst
through the carry flag. The carry flag rotates into bit 30, bit O rotates into bit 31, and bi

into the carry flag.

MSB

LSB

C

b31 b30

bl bO

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Register direct ROTXR.L | #2, ERd 1413 7 {oierd

Notes
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RESLOred 1morm tre Corresporic

@SP+ - EXR the stack.
@SP+ - CCR Ul: Restored from the correspon
@SP+ _ PC the stack.
H: Restored from the corresponc
Assembly-L anguage For mat the stack.
RTE U: Restored from the corresponc
the stack.
N: Restored from the corresponc
the stack.
Operand Size Z: Restored from the corresponc
the stack.
o V: Restored from the correspon
the stack.
C: Restored from the corresponc
the stack.
Description

Thisinstruction returns from an exception-handling routine by restoring the EXR, cor
register (CCR) and program counter (PC) from the stack. Program execution continue
address restored to the program counter. The CCR and PC contents at the time of exe
instruction are lost. If the extended control regiser (EXR) isvalid, it is also restored (¢
existing EXR contents are |ost).

Operand Format and Number of States Required for Execution

Addressing . Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt
— RTE 5 {6 | 710

Note: * Six states when EXR is valid.
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vontcare

N

v N

PC \ Undet.

Normal mode 23

16 15

87

0 Advanced mode

PC

23

16 15
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RTS N: Previous value remains unch:
Z: Previous value remains unchi
V: Previous value remains unch:
- C: Previous value remains unch
Operand Size
Description

This instruction returns from a subroutine by restoring the program counter (PC) fron
Program execution continues from the address restored to the program counter. The F
the time of execution of thisinstruction are lost.

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No.
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | Norm:
- RTS 514|740 4
Notes

The stack structure and number of states required for execution differ between norma
advanced mode. In normal mode, only the lower 16 bits of the program counter arere

/_\_/ /_\_/
Don't care
N ‘ v ‘ v TN v v
PC | Undet. | : \ PC \
Normal mode 23 16 15 87 0 Advanced mode 23 16 15
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SHAL. B Rd N: Setto1if theresult is negative
cleared to O.
Z: Settolif theresultiszero; ot
- cleared to 0.
Operand Size .
P V: Settolif anoverflow occurs,
Byte cleared to 0.
C: Receivesthe previousvauein
Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) one bit to th
most significant bit (bit 7) shiftsinto the carry flag. The least significant bit (bit 0) iscl

MSB < LSB

C b7 b0

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
Register direct SHAL.B Rd 1 0 8 rd
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow fl
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SHAL. B #2, Rd N: Setto1if theresult is negatiy
cleared to O.
Z: Settolif theresultiszero; c
- cleared to 0.
Operand Size .
P V: Settolif an overflow occur:
Byte cleared to 0.
C: Receivesthe previousvauei
Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) two bits to
6 shiftsinto the carry flag. Bits0 and 1 are cleared to O.

MSB < LSB
0 0 «—O0
C b7 b6 bl DbO

Available Registers

Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt
Register direct SHAL.B #2, Rd 1 0 C rd

Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow
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SHAL. W Rd N: Setto1if theresult is negative
cleared to O.
Z: Setto lif theresultiszero; ot
: cleared to O.
Operand Size .
P V: Setto 1if an overflow occurs;
Word cleared to 0.
C: Receivesthe previousvauein
Description

This instruction shifts the bits in a 16-bit register Rd (destination operand) one bit to th
most significant bit (bit 15) shiftsinto the carry flag. The least significant bit (bit 0) is

MSB < LSB

C b15 b0

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
Register direct SHAL.W Rd 1 0 9 rd
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow fl
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SHAL. W #2, Rd N: Setto1if theresult is negatiy
cleared to O.
Z: Settolif theresultiszero; c
- cleared to 0.
Operand Size .
P V: Settolif an overflow occur:
Word cleared to 0.
C: Receivesthe previousvauei
Description

This instruction shifts the bits in a 16-bit register Rd (destination operand) two bits to
14 shiftsinto the carry flag. Bits 0 and 1 are cleared to 0.

MSB < LSB
0 0 «—O0
C b1l5 bl4 bl DbO

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt
Register direct SHAL.W #2, Rd 1 0 D rd
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow
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SHAL. L ERd N: Setto1if theresult is negative
cleared to O.
Z: Settolif theresultiszero; ot
- cleared to 0.
Operand Size .
P V: Settolif anoverflow occurs,
L ongword cleared to 0.
C: Receivesthe previousvauein
Description

This instruction shifts the bits in a 32-bit register ERd (destination operand) one bit to 1
most significant bit (bit 31) shiftsinto the carry flag. The least significant bit (bit 0) is

MSB < LSB

C b31 b0

Available Registers
ERd: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
Register direct SHAL.L ERd 1 0 B EOEerd
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow fl
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SHAL. L #2, ERd N: Setto1if theresult is negatiy
cleared to O.
Z: Settolif theresultiszero; c
- cleared to 0.
Operand Size .
P V: Settolif an overflow occur:
L ongword cleared to 0.
C: Receivesthe previousvauei
Description

This instruction shifts the bits in a 32-bit register ERd (destination operand) two bitst
Bit 30 shiftsinto the carry flag. Bits0 and 1 are cleared to O.

MSB < LSB
0 0 «—O0
C b31 b30 bl DbO

Available Registers
ERd: ERO to ERY

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt
Register direct SHAL.L #2, ERd 110 F EOEerd

Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow
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SHAR. B Rd N: Setto1if theresult is negative
cleared to O.
Z: Setto lif theresultiszero; ot
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Byte C: Receivesthe previousvauein
Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) one bit to th
0 shiftsinto the carry flag. Bit 7 shiftsinto itself. Since bit 7 remains unaltered, the sigl

change.

MSB

LSB

v

b7

b0 C

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
Register direct SHAR.B Rd 1 1 8 rd

Notes
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SHAR. B #2, Rd N: Setto1if theresult is negatiy
cleared to O.
Z: Setto lif theresultiszero; c
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Byte C: Receivesthe previousvauei
Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) two bits to
1 shiftsinto the carry flag. Bits 7 and 6 receive the previous value of bit 7. Since bit 7
unaltered, the sign does not change.

A\

MSB LSB

b7 b6 b5 bl bO C

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt
Register direct SHAR.B #2, Rd 1 1 C rd
Notes
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SHAR. W Rd N: Setto1if theresult is negative
cleared to O.
Z: Setto lif theresultiszero; ot
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Word C: Receivesthe previousvauein
Description

This instruction shifts the bits in a 16-bit register Rd (destination operand) one bit to th
0 shiftsinto the carry flag. Bit 15 shiftsinto itself. Since bit 15 remains unaltered, the <

not change.

MSB

LSB

v

b15

b0 C

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
Register direct SHAR.W Rd 1 1 9 rd

Notes
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SHAR. W #2, Rd N: Setto1if theresult is negatiy
cleared to O.
Z: Setto lif theresultiszero; c
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Word C: Receivesthe previousvauei
Description

This instruction shifts the bits in a 16-bit register Rd (destination operand) two bits to
1 shiftsinto the carry flag. Bits 15 and 14 receive the previous value of bit 15. Sincet
remains unaltered, the sign does not change.

A\

MSB LSB

b15 bl4 b13 bl bO C

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt
Register direct SHARW | #2,Rd 1 {1 Did
Notes
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SHAR L ERd N: Setto1if theresult is negative
cleared to O.
Z: Setto lif theresultiszero; ot
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Longword C: Receivesthe previousvauein
Description

This instruction shifts the bits in a 32-bit register ERd (destination operand) one bit to 1
Bit O shiftsinto the carry flag. Bit 31 shiftsinto itself. Since bit 31 remains unaltered, t

does not change.

MSB

LSB

v

b31

b0 C

Available Registers
ERd: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
Register direct SHAR.L ERd 1 1 B EOEerd

Notes
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SHAR. L #2, ERd N: Setto1if theresult is negatiy
cleared to O.
Z: Setto lif theresultiszero; c
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Longword C: Receivesthe previousvauei
Description

This instruction shifts the bits in a 32-bit register ERd (destination operand) two bitst
Bit 1 shiftsinto the carry flag. Bits 31 and 30 receive the previous value of bit 31. Sin
remains unaltered, the sign does not change.

MSB > LSB

b31 b30 b29 bl bO C

Available Registers
ERd: ERO to ERY

Operand Format and Number of States Required for Execution

Addressing . Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt

Register direct SHARL | #2,ERd | 1 | 1 | F |olerd

Notes
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SHLL. B Rd N: Setto1if theresult is negative
cleared to O.
Z: Setto lif theresultiszero; ot
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Byte C: Receivesthe previousvauein
Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) one bit to th
most significant bit (bit 7) shiftsinto the carry flag. The least significant bit (bit 0) iscl

MSB = LSB

C b7 b0

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
Register direct SHLL.B Rd 1 0 0 rd
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow fl
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SHLL. B #2,Rd N: Setto1if theresult is negatiy
cleared to O.
Z: Setto lif theresultiszero; c
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Byte C: Receivesthe previousvauei
Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) two bits to
6 shiftsinto the carry flag. Bits 0 and 1 are cleared to O.

MSB < LSB
0 0O [«—0
C b7 b6 bl b0

Available Registers

Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt
Register direct SHLL.B #2, Rd 110 4 rd

Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow
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SHLL. W Rd N: Setto1if theresult is negative
cleared to O.
Z: Setto lif theresultiszero; ot
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Word C: Receivesthe previousvauein
Description

This instruction shifts the bits in a 16-bit register Rd (destination operand) one bit to th
most significant bit (bit 15) shiftsinto the carry flag. The least significant bit (bit 0) is

MSB = LSB

C b15 b0

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
Register direct SHLL.W Rd 1 0 1 rd
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow fl
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SHLL. W #2, Rd N: Setto1if theresult is negatiy
cleared to O.
Z: Setto lif theresultiszero; c
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Word C: Receivesthe previousvauei
Description

This instruction shifts the bits in a 16-bit register Rd (destination operand) two bits to
14 shiftsinto the carry flag. Bits 0 and 1 are cleared to 0.

MSB < LSB

0 0 «—O0

C b1l5 bl4 bl b0

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt

Register direct SHLL.W #2, Rd 110 5 | rd

Notes
The SHLL instruction differs from the SHAL instruction in its effect on the overflow
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SHLL.L ERd N: Setto1if theresult is negative
cleared to O.
Z: Setto lif theresultiszero; ot
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Longword C: Receivesthe previousvauein
Description

This instruction shifts the bits in a 32-bit register ERd (destination operand) one bit to 1
most significant bit (bit 31) shiftsinto the carry flag. The least significant bit (bit 0) is

MSB = LSB

C b31 b0

Available Registers
ERd: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
Register direct SHLL.L ERd 1 0 3 EOEerd
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow fl
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SHLL. L #2, ERd N: Setto1if theresult is negatiy
cleared to O.
Z: Setto lif theresultiszero; c
: cleared to O.
Operand Size
P V: Alwayscleared to 0.
Longword C: Receivesthe previousvauei
Description

This instruction shifts the bits in a 32-bit register ERd (destination operand) two bitst
Bit 30 shiftsinto the carry flag. Bits0 and 1 are cleared to O.

MSB < LSB
0 0O [«—0
C b31 b30 bl b0

Available Registers
ERd: ERO to ERY

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt
Register direct SHLL.L #2, ERd 1 0 7 EOEerd
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow
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SHLR. B Rd N: Alwayscleared to 0.
Z: Setto lif theresult iszero; ot
cleared to O.
Operand Size V: Alwqyscleared tqo. .
C: Receivesthe previousvauein
Byte
Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) one bit to th
least significant bit (bit 0) shiftsinto the carry flag. The most significant bit (bit 7) iscl

MSB

> LSB

b7

b0 C

Available Registers

Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
Register direct SHLR.B Rd 1 1 0 rd

Notes
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SHLR. B #2,Rd N: Alwayscleared to 0.
Z: Settolif theresultiszero; o
cleared to 0.

V: Alwayscleared to 0.

(0] dSi i i i
perand Size C: Receivesthe previousvaluei

Byte

Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) two bits to
1 shiftsinto the carry flag. Bits 7 and 6 are cleared to O.

MSB > LSB
0O— O 0
b7 b6 bl bO C

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt

Register direct SHLR.B #2, Rd 1 {1 | 4|

Notes
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SHLR. W Rd N: Alwayscleared to 0.
Z: Setto lif theresult iszero; ot
cleared to O.
Operand Size V: Alwqyscleared tqo. .
C: Receivesthe previousvauein
Word
Description

This instruction shifts the bits in a 16-bit register Rd (destination operand) one bit to th
least significant bit (bit 0) shiftsinto the carry flag. The most significant bit (bit 15) is

MSB

> LSB

b15

b0 C

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
Register direct SHLR.W Rd 1 1 1 rd

Notes
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SHLR. W #2, Rd N: Alwayscleared to 0.
Z: Settolif theresultiszero; c

cleared to O.
V: Alwayscleared to 0.
C: Receivesthe previousvauei

Operand Size
Word

Description

This instruction shifts the bits in a 16-bit register Rd (destination operand) two bits to
1 shiftsinto the carry flag. Bits 15 and 14 are cleared to O.

MSB > LSB
0O— 0 0
b1l5 bl4 bl bO C

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt

Register direct SHLRW | #2,Rd 1 {1 |5 |

Notes
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SHLR. L ERd N: Alwayscleared to 0.
Z: Setto lif theresult iszero; ot
cleared to O.
Operand Size V: Alwqyscleared tqo. .
C: Receivesthe previousvauein
Longword
Description

This instruction shifts the bits in a 32-bit register ERd (destination operand) one bit to 1
The least significant bit (bit 0) shiftsinto the carry flag. The most significant bit (bit 31

to 0.

MSB

LSB

A\

b31

b0 C

Available Registers
ERd: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
Register direct SHLR.L ERd 1 1 3 EOEerd

Notes
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SHLR L #2, ERd N: Alwayscleared to 0.

Z: Setto lif theresultiszero;
cleared to 0.

V: Alwayscleared to 0.

C: Receivesthe previousvauei

Operand Size
Longword

Description

This instruction shifts the bits in a 32-bit register ERd (destination operand) two bitst
Bit 1 shiftsinto the carry flag. Bits 31 and 30 are cleared to O.

MSB > LSB
0O— O 0
b31 b30 bl bO C

Available Registers
ERd: ERO to ERY

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byt
Register direct SHLRL | #2,ERd | 1 | 1 | 7 |oferd
Notes
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SLEEP N: Previous value remains unchar
Z: Previous value remains unchar
V: Previous value remains unchai
- C: Previous value remains unchai
Operand Size
Description

When the SLEEP instruction is executed, the CPU enters a power-down mode. Itsinte
remains unchanged, but the CPU stops executing instructions and waits for an exceptic
reguest. When it receives an exception-handling request, the CPU exits the power-dow
begins the exception-handling sequence. Interrupt requests other than NMI cannot end
down mode if they are masked in the CPU.

Available Registers

Operand Format and Number of States Required for Execution

Addressing . Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
— SLEEP 0 i1 8 {0
Notes

For information about power-down modes, see the relevant microcontroller hardware r
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MMy T igudaygts T Hidt . FIevious vValue rermalrls urcrie

STC. B CCR, Rd N: Previous value remains unch:
Z: Previous value remains unch
V: Previous vaue remains unch:

- C: Previousvalue remains unch

Operand Size

Byte

Description

Thisinstruction copies the CCR contents to an 8-bit register Rd.

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byt
Register direct STC.B CCR, Rd 0 2 0 rd
Notes
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MMy " iguaygts T Hidt . FIrevious vaue rermalris urcria

STC. B EXR, Rd N: Previous value remains unchal
Z: Previous value remains unchar
V: Previous vaue remains uncha

- C: Previousvalue remains unchai

Operand Size

Byte

Description

Thisinstruction copies the EXR contents to an 8-bit register Rd.

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte
Register direct STC.B EXR, Rd 0 | 2 1 i
Notes
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MMy T igudaygts T Hidt . FIevious vValue rermalrls urcrie

STC. W CCR, <EAd> N: Previous value remains unch:
Z: Previous value remains unch
V: Previous vaue remains unch:

- C: Previousvalue remains unch

Operand Size

Word

Description

Thisinstruction copies the CCR contents to a destination location. Although CCRis e
register, the destination operand is aword operand. The CCR contents are stored at th
address. Undetermined data is stored at the odd address.

Available Registers
ERd: EROto ER7
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MMy T igudaygts T Hidt . FIevious vValue rermalrls urcrie

STC. W EXR, <EAd> N: Previous value remains unch:
Z: Previous value remains unch
V: Previous vaue remains unch:

- C: Previousvalue remains unch

Operand Size

Word

Description

Thisinstruction copies the EXR contents to a destination location. Although EXR is e
register, the destination operand is aword operand. The EXR contents are stored at th
address. Undetermined data is stored at the odd address.

Available Registers
ERd: ERO to ERY
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. . N: Previous value remains unch:
STM L <register list>, SP . .
9 @- Z: Previous value remains unch
V: Previous vaue remains unch:
C: Previousvalue remains unch
Operand Size
Longword
Description

Thisinstruction saves a group of registers specified by aregister list onto the stack. Tl
are saved in ascending order of register number.

Two, three, or four registers can be saved by one STM instruction. The following ran

specified in the register list.

Two registers:. ERO-ER1, ER2—ER3, ER4-ERS5, or ER6-ER7
Threeregisters: ERO-ER2 or ER4-ER6
Four registers. ERO-ER3 or ER4-ER7

Available Registers
ERn: EROto ER7
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(ERN-ERn+2),
@-sP

—_ STM.L

(ERN-ERn+3),

— STML | o sp

Notes

When ERY7 is saved, the value after effective address calculation (after ER7 is decreme
is saved on the stack.
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FTEVIOUS Value remmal s urcri
Setto 1if aMAC instruction
negative MAC register value
cleared to 0.

Setto 1if aMAC instruction
zero MAC register value; oth
cleared to 0.

Setto 1if aMAC instruction
an overflow; otherwise cleare
Previous value remains unch:

Note: * Execution of thisinstruction cop

and V flag values from the multi
condition-code register (CCR). I
ingtruction is executed after a CL
LDMAC instruction with no inte
instruction, the V flag will be 0
flags will have undetermined val

Assembly-L anguage For mat ;

STMAC MAC register, ERd '
Z:

Operand Size

Longword V-
C:

Description

Thisinstruction moves the contents of a multiply-accumulate register (MACH or MA
general register. If the transfer is from MACH, the upper 22 bits transferred to the ger

areasign extension.

Thisinstruction is supported by the H8S/2600 CPU only.

Available Registers
ERd: ERO to ER7Y
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Register direct STMAC | MACL,ERd| 0 | 2 3 {0Ojera ‘

Note: * A maximum of three additional states are required for execution of this instruction within t
after execution of a MAC instruction. For example, if there is a one-state instruction (such
between the MAC instruction and this instruction, this instruction will be two states longer

The number of states may differ depending on the product. For details, refer to the releva
microcontroller hardware manual of the product in question.

Notes

Rev. 4.00 Feb 24, 2006 page 232 of 322
REJ09B0139-0400

RENESAS



Assembly-L anguage For mat
SUB. B Rs, Rd

Operand Size
Byte

SCL L0 LT there 1s a DOMOW a
otherwise cleared to 0.

Set to 1if the result is negatiy
cleared to 0.

Set to 1if theresult is zero; ¢
cleared to 0.

Set to 1 if an overflow occur:
cleared to 0.

Setto 1 if thereisaborrow a
otherwise cleared to 0.

Description

This instruction subtracts the contents of an 8-bit register Rs (source operand) from th
an 8-hit register Rd (destination operand) and stores the result in the 8-bit register Rd.

Available Registers

Rd: ROL to R7L, ROH to R7H
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Instruction Format

Addressing .
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byt
Register direct SUB.B Rs, Rd 1 8 rs rd
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(1) ORC  #H 05, CCR
SUBX #(1 MV 1), Rd
(2) ADD  #(0-1 MM, Rd
XORC #H 01, CCR
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SUB. W <EAs> Rd otherwise cleared to 0.

N: Setto1if theresult is negatiy
cleared to 0.
Z: Settolif theresultiszero;
Operand Size cleared 10 0.
V: Setto1if an overflow occurs
Word
cleared to 0.
C. Settolif thereisaborrow a
otherwise cleared to 0.

Description

This instruction subtracts a source operand from the contents of a 16-bit register Rd («
operand) and stores the result in the 16-bit register Rd.

Available Registers

Rd: ROto R7, EOto E7
Rs: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte ‘ 4th byt
Immediate SUB.W #xx:16, Rd 7 9 3 rd IMM
Register direct SUB.W Rs, Rd 1 9 rs rd ‘
Notes
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. SeL 0 11T there 1s a DOMoOw adl
otherwise cleared to 0.

N: Setto1if theresult is negative
cleared to 0.

Z: Settolif theresult iszero; ofl
cleared to 0.

V: Setto1if anoverflow occurs;
cleared to 0.

C. Settolif thereisaborrow at
otherwise cleared to 0.

Assembly-L anguage For mat
SUB. L <EAs>, ERd

Operand Size
Longword

Description

This instruction subtracts a source operand from the contents of a 32-bit register ERd (i
operand) and stores the result in the 32-bit register ERd.

Available Registers

ERd: ERO to ER7
ERs: EROto ER7

Operand Format and Number of States Required for Execution

Addressing Instruction Format
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte ‘ 5th byte ‘ 6th
Immediate SUB.L #xx:32, ERd| 7 A 3 |Olerd IMM
Register direct SUB.L ERs, ERd 1 A 1§ers Ojerd ‘
Notes
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Assembly-L anguage For mat
SUBS #1, ERd
SUBS #2, ERd
SUBS #4, ERd

Operand Size
Longword

FTEVIOUS Value remmal s urcri
Previous value remains unch:
Previous value remains unch:
Previous value remains unch:
Previous value remains unch:

Description

Thisinstruction subtracts the immediate value 1, 2, or 4 from the contents of a 32-hit |
(destination operand). Unlike the SUB instruction, it does not affect the condition-coc

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Instruction Format

Addressing .
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byt
Register direct SUBS #1, ERd 1 B 0 |O|erd
Register direct SUBS #2, ERd 1 B 8 |[Ojerd
Register direct SUBS #4, ERd 1 B 9 iOierd

Notes

Rev. 4.00 Feb 24, 2006 pag
REJO!

RENESAS



. SeL 0 11T there 1s a DOMoOw adl
otherwise cleared to 0.

N: Setto1if theresult is negative
cleared to 0.

Z: Previous value remains unchar
the result is zero; otherwise cle

Assembly-L anguage For mat
SUBX <EAs>, Rd

Operand Size .
Byte V: Setto1lif anoverflow occurs;
cleared to 0.
C. Settolif thereisaborrow at
otherwise cleared to 0.
Description

This instruction subtracts the source operand and carry flag from the contents of an 8-b
Rd (destination operand) and stores the result in the 8-bit register Rd.

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Immediate SUBX #xx:8, Rd B rd IMM
Register direct SUBX Rs, Rd 1 E rs rd
Notes
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Assembly-L anguage For mat

I

FIEVIOUS Val ue Iermalris uricri

N: Setto1if theresult is negatiy
TAS @ERd cleared to 0.

Z: Settolif theresultiszero; c

cleared to 0.

Operand Size V: Alwayscleared to 0.

C:. Previous value remains unch:
Byte
Description

This instruction tests amemory operand by comparing it with zero, and sets the condi
register according to the result. Then it sets the most significant bit (bit 7) of the opere

Available Registers
ERd: ERO, ER1, ER4, ER5

Operand Format and Number of States Required for Execution

Instruction Format

Addressing .
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byt
Register indirect TAS @ERd 0 1 E 0 7 | B Olerdl (

Notes
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« When EXRisvalid
PC - @-SP
CCR - @-SP
EXR - @-SP
<Vector> - PC

OSNZICH

Assembly-L anguage For mat
TRAPA #x:2

Note; *

Operand Size

AlIWayS et L0 1.

. Seenote.
Previous value remains unchal
Previous value remains uncha
Previous value remains uncha
Previous value remains uncha
Previous value remains unchal

The Ul bit isset to 1 when used as
mask bit, but retains its previous v
used as auser bit. For details, see
microcontroller hardware manual.

Description

Thisinstruction pushes the program counter (PC) and condition-code register (CCR) ol
stack, then setsthe | bit to 1. If the extended control register (EXR) isvalid, EXR isals
onto the stack, but bits 12 to 10 are not modified. Next execution branches to a new add
by the contents of the vector address corresponding to the specified vector number. The
pushed onto the stack is the starting address of the next instruction after the TRAPA in

Vector Address

™ Normal Mode Advanced M
0 H'0010 to H'0011 H'000020 to H'0
1 H'0012 to H'0013 H'000024 to H'O
2 H'0014 to H'0015 H'000028 to H'0!
3 H'0016 to H'0017 H'00002C to H'O
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Note: * Eight states when EXR is valid.

Notes
The stack and vector structure differ between norma mode and advanced mode, and ¢
whether EXR isvalid or invalid.
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FTEVIOUS Value remalris urcriai
N: Setto1if theresult is negative

Assembly-L anguage For mat
XOR. B <EAs>, Rd

cleared to 0.
Z: Settolif theresult iszero; ofl
cleared to 0.
Operand Size V: Alwayscleared to 0.
C: Previous value remains uncha
Byte
Description

Thisinstruction exclusively ORs the source operand with the contents of an 8-hit regis
(destination operand) and stores the result in the 8-bit register Rd.

Available Registers

Rd: ROL to R7L, ROH to R7H
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Immediate XOR.B #xx:8, Rd D rd IMM
Register direct XOR.B Rs, Rd 1 5 rs rd
Notes
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XOR. W <EAS>, Rd N: Setto1if theresult is negatiy
cleared to O.
Z: Settolif theresultiszero; c
cleared to 0.
Operand Size V: Alwaysclearedto 0.
C: Previous value remains unch
Word
Description

Thisinstruction exclusively ORs the source operand with the contents of a 16-bit regi
(destination operand) and stores the result in the 16-bit register Rd.

Available Registers

Rd: ROto R7, EOto E7
Rs: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Instruction Format

Addressing .
Mnemonic
Mode 1stbyte | 2nd byte | 3rd byte ‘ 4th byt
Immediate XOR.W | #xx:16, Rd 7 9 5 rd IMM
Register direct XOR.W 6 5 rs rd ‘

Notes
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FTEVIOUS Value remalris urcriai
N: Setto1if theresult is negative

Assembly-L anguage For mat
XOR. L <EAs>, ERd

cleared to 0.
Z: Settolif theresult iszero; ofl
cleared to 0.
Operand Size V: Alwayscleared to 0.
C: Previous value remains uncha
Longword
Description

Thisinstruction exclusively ORs the source operand with the contents of a 32-hit regis
(destination operand) and stores the result in the 32-bit register ERd.

Available Registers

ERd: ERO to ER7
ERs: EROto ER7

Operand Format and Number of States Required for Execution

Addressing Instruction Format
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte ‘ 5th byte ‘ 6th
Immediate XOR.L #xx:32, ERd| 7 A 5 |Olerd IMM
Register direct XOR.L ERs, ERd 0 1 F 0 6 5 ‘Ogers‘ogerd‘ ‘
Notes
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Assembly-L anguage For mat
XORC #xx:8, CCR

Operand Size
Byte

OsNzcITCH

SLOres the CorrexPondaing it (
. Stores the corresponding bit «
Stores the corresponding bit
Stores the corresponding bit
Stores the corresponding bit
Stores the corresponding bit
Stores the corresponding bit
Stores the corresponding bit

Description

This instruction exclusively ORs the contents of the condition-code register (CCR) wi
immediate data and stores the result in the condition-code register. No interrupt reque
including NMI, are accepted immediately after execution of thisinstruction.

Operand Format and Number of States Required for Execution

Instruction Format

Addressing .
Mnemonic
Mode 1stbyte | 2nd byte | 3rd byte | 4th byt
Immediate XORC #xx:8,CCR| 0 5 IMM
Notes

Rev. 4.00 Feb 24, 2006 pag
REJO!

RENESAS



XORC #xx:8, EXR N: Prev!ous value rema! ns unchar
Z: Previous value remains unchar
V: Previous vaue remains uncha
C: Previousvalue remains unchai

Operand Size

Byte

Description

This instruction exclusively ORs the contents of the extended control register (EXR) w
immediate data and stores the result in the extended control register. No interrupt reque
including NMI, are accepted for three states after execution of this instruction.

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte
Immediate XORC #xx:8, EXR | 0 1 4 1 0 5 IMM
Notes
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Execution states=1 xS +JxS+K xS +L xS +M xS, +N xS

Examples. Advanced mode, program code and stack located in external memory, on-
supporting modules accessed in two states with 8-bit bus width, external devices acces
states with one wait state and 16-bit bus width.

1. BSET #0, @FFFFC7:8
From table 2.5:
I=L=2, J=K=M=N=0
From table 2.4:
S=4, §=2
Number of statesrequired for execution=2x4+2x2=12
2. ISR @@30
From table 2.5:
I=J=K=2, L=M=N=0
From table 2.4:
S$=S=S5=4

Number of statesrequired for execution=2x4+2x4+2x4=24
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piativii audiboo fdlud <,

Stack operation S,

Byte data access S, n 2 3+m

Word data access S, 2n 4 6 +2m
Internal operation S 1 1 1 1 1 1

N

Note: * For the MOVFPE and MOVTPE instructions, refer to the relevant microcontro

manual.

Legend:

m: Number of wait states inserted into external device access

n: Number of states required for access to an on-chip supporting module. For the spe
refer to the relevant microcontroller hardware manual.
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ADD.L #xx:32,ERd
ADD.L ERs,ERd

ADDS

ADDS #1/2/4,ERd

ADDX

ADDX #xx:8,Rd
ADDX Rs,Rd

AND

AND.B #xx:8,Rd
AND.B Rs,Rd
AND.W #xx:16,Rd
AND.L #xx:32,ERd
AND.L ERs,ERd

ANDC

ANDC #xx:8,CCR
ANDC #xx:8,EXR

BAND

BAND #xx:3,Rd
BAND #xx:3,@ERd
BAND #xx:3,@aa:8
BAND #xx:3,@aa:16
BAND #xx:3,@aa:32

s

Bcc

BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8

BLS d:8

BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8

BEQ d:8

BVC d:8

BVS d:8

BPL d:8

BMI d:8

BGE d:8

BLT d:8

BGT d:8

N NN NN DNNDDNDNDDNDNDNDMNDDNDDNDDNDEONONDNDEPENRPRPIN OWNNPR PR P[P ®
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e N

BCS d:16 (BLO d:16)
BNE d:16
BEQ d:16
BVC d:16
BVS d:16
BPL d:16
BMI d:16
BGE d:16
BLT d:16
BGT d:16
BLE d:16

BCLR

BCLR #xx:3,Rd
BCLR #xx:3,@ERd
BCLR #xx:3,@aa:8
BCLR #xx:3,@aa:16
BCLR #xx:3,@aa:32
BCLR Rn,Rd

BCLR Rn,@ERd
BCLR Rn,@aa:8
BCLR Rn,@aa:16
BCLR Rn,@aa:32

N N NN

N N NN

BIAND

BIAND #xx:3,Rd
BIAND #xx:3,@ERd
BIAND #xx:3,@aa:8
BIAND #xx:3,@aa:16
BIAND #xx:3,@aa:32

s

BILD

BILD #xx:3,Rd
BILD #xx:3,@ERd
BILD #xx:3,@aa:8
BILD #xx:3,@aa:16
BILD #xx:3,@aa:32

B W NN BR[O NMDNERIEAEODNMDNDERSODNDMDNDEPNDNDDNDDNDDNDDNDDNDDNDDNDDNDN

i
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BIST #xx:3,@ERd
BIST #xx:3,@aa:8
BIST #xx:3,@aa:16
BIST #xx:3,@aa:32

L

N N NN

BIXOR

BIXOR #xx:3,Rd
BIXOR #xx:3,@ERd
BIXOR #xx:3,@aa:8
BIXOR #xx:3,@aa:16
BIXOR #xx:3,@aa:32

s

BLD

BLD #xx:3,Rd
BLD #xx:3,@ERd
BLD #xx:3,@aa:8
BLD #xx:3,@aa:16
BLD #xx:3,@aa:32

i

BNOT

BNOT #xx:3,Rd
BNOT #xx:3,@ERd
BNOT #xx:3,@aa:8
BNOT #xx:3,@aa:16
BNOT #xx:3,@aa:32
BNOT Rn,Rd

BNOT Rn,@ERd
BNOT Rn,@aa:8
BNOT Rn,@aa:16
BNOT Rn,@aa:32

N N NN

N N NN

BOR

BOR #xx:3,Rd
BOR #xx:3,@ERd
BOR #xx:3,@aa:8
BOR #xx:3,@aa:16
BOR #xx:3,@aa:32

i

BSET

BSET #xx:3,Rd
BSET #xx:3,@ERd
BSET #xx:3,@aa:8

N N P W NMNDNERP[AEONDNDEPDSWOWNMNDNDPRPDD®E O®NONNIPRDAMARONDMDNERPAODNDN
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ST TN TR

BSET Rn,@aa:32

(

BSR

BSR d:8 Normal

Advanced

BSR d:16 Normal

Advanced

NP | N|P

BST

BST #xx:3,Rd
BST #xx:3,@ERd
BST #xx:3,@aa:8
BST #xx:3,@aa:16
BST #xx:3,@aa:32

N N NN

BTST

BTST #xx:3,Rd
BTST #xx:3,@ERd
BTST #xx:3,@aa:8
BTST #xx:3,@aa:16
BTST #xx:3,@aa:32
BTST Rn,Rd

BTST Rn,@ERd
BTST Rn,@aa:8
BTST Rn,@aa:16
BTST Rn,@aa:32

i

i

BXOR

BXOR #xx:3,Rd
BXOR #xx:3,@ERd
BXOR #xx:3,@aa:8
BXOR #xx:3,@aa:16
BXOR #xx:3,@aa:32

i

CLRMAC*®

CLRMAC

CMP

CMP.B #xx:8,Rd
CMP.B Rs,Rd
CMP.W #xx:16,Rd
CMP.W Rs,Rd
CMP.L #xx:32,ERd
CMP.L ERs,ERd

P WL, NP PP ONMNNRERPAEONDNDEPSDSEONDNDPRPDEE®O®NNPRPRINDNDNINDS
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=RV

VAT S TA A

DIVXS.W Rs,ERd

T

DIVXU

DIVXU.B Rs,Rd
DIVXU.W Rs,ERd

EEPMOV

EEPMOV.B
EEPMOV.W

2n + 2"

2n + 2"

EXTS

EXTS.W Rd
EXTS.L ERd

EXTU

EXTU.W Rd
EXTU.L ERd

INC

INC.B Rd
INC.W #1/2,Rd
INC.L #1/2,ERd

JMP

JMP @ERnN
JMP @aa:24

IJMP @@aa:8

Normal

Advanced

JSR

JSR @ERn

Normal

Advanced

JSR @aa:24

Normal

Advanced

JSR @@aa:8

Normal

Advanced

NI P NP N[

LDC

LDC #xx:8,CCR
LDC #xx:8,EXR
LDC Rs,CCR
LDC Rs,EXR
LDC @ERs,CCR
LDC @ERs,EXR
LDC @(d:16,ERs)
LDC @(d:16,ERs)
LDC @(d:32,ERs)
LDC @(d:32,ERs)

,CCR
,EXR
,CCR
,EXR

g g0 W W NN P P N RPRPINDINNDNINMNINNNNNDDNRPERPRPRPIRPR P[P PINDNPRE RPN

[T T = S SR S
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TN TRy —

LDM

LDM.L @SP+,(ERn-ERn+1)
LDM.L @SP+,(ERn—-ERn+2)
LDM.L @SP+,(ERn-ERn+3)

LDMAC*®

LDMAC ERs,MACH
LDMAC ERs,MACL

MAC™®

MAC @ERN+ @ERmM+

MOV

MOV.B #xx:8,Rd
MOV.B Rs,Rd

MOV.B @ERs,Rd
MOV.B @(d:16,ERs),Rd
MOV.B @(d:32,ERs),Rd
MOV.B @ERs+,Rd
MOV.B @aa:8,Rd
MOV.B @aa:16,Rd
MOV.B @aa:32,Rd
MOV.B Rs,@ERd
MOV.B Rs,@(d:16,ERd)
MOV.B Rs,@(d:32,ERd)
MOV.B Rs,@-ERd
MOV.B Rs,@aa:8
MOV.B Rs,@aa:16
MOV.B Rs,@aa:32
MOV.W #xx:16,Rd
MOV.W Rs,Rd

MOV.W @ERs,Rd
MOV.W @(d:16,ERs),Rd
MOV.W @(d:32,ERs),Rd
MOV.W @ERs+,Rd
MOV.W @aa:16,Rd
MOV.W @aa:32,Rd
MOV.W Rs,@ERd

N e I S S e N T T T

e
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MOV.L ERs,ERd

MOV.L @ERs,ERd
MOV.L @(d:16,ERs),ERd
MOV.L @(d:32,ERs),ERd
MOV.L @ERs+,ERd
MOV.L @aa:16,ERd
MOV.L @aa:32,ERd
MOV.L ERs,@ERd
MOV.L ERs,@(d:16,ERd)
MOV.L ERs,@(d:32,ERd)
MOV.L ERs,@-ERd
MOV.L ERs,@aa:16
MOV.L ERs,@aa:32

(

N D NN NN DN DN DNDNDNDDNDDN

MOVFPE

MOVFPE @:aa:16,Rd

1*2

MOVTPE

MOVTPE Rs,@:aa:16

1*2

MULXS

MULXS.B Rs,Rd  H8S/2600
H8S/2000

MULXS.W Rs,ERd H8S/2600
H8S/2000

MULXU

MULXU.B Rs,Rd  H8S/2600
H8S/2000

MULXU.W Rs,ERd H8S/2600
H8S/2000

NEG

NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP

NOP

NOT

NOT.B Rd
NOT.W Rd
NOT.L ERd

P P PP IFP P PP PP PFPINDDNMNNDNNDMDNDEOODNOOGONDD™ONDOO®WDNR
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ORC

ORC #xx:8,CCR
ORC #xx:8,EXR

POP

POP.W Rn
POP.L ERn

PUSH

PUSH.W Rn
PUSH.L ERn

N PN

ROTL

ROTL.B Rd
ROTL.B #2,Rd
ROTL.W Rd
ROTL.W #2,Rd
ROTL.L ERd
ROTL.L #2,ERd

ROTR

ROTR.B Rd
ROTR.B #2,Rd
ROTR.W Rd
ROTR.W #2,Rd
ROTR.L ERd
ROTR.L #2,ERd

ROTXL

ROTXL.B Rd
ROTXL.B #2,Rd
ROTXL.W Rd
ROTXL.W #2,Rd
ROTXL.L ERd
ROTXL.L #2,ERd

ROTXR

ROTXR.B Rd
ROTXR.B #2,Rd
ROTXR.W Rd
ROTXR.W #2,Rd
ROTXR.L ERd
ROTXR.L #2,ERd

RTE

RTE

2/3**

RTS

RTS Normal

Advanced

N(N[N|[R P R R P R[(R R R R R RRRRPRRPRPRIRRRRPRRINRIN R[N R
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SHAR

SHAR.B Rd
SHAR.B #2,Rd
SHAR.W Rd
SHAR.W #2,Rd
SHAR.L ERd
SHAR.L #2,ERd

SHLL

SHLL.B Rd
SHLL.B #2,Rd
SHLL.W Rd
SHLL.W #2,Rd
SHLL.L ERd
SHLL.L #2,ERd

SHLR

SHLR.B Rd
SHLR.B #2,Rd
SHLR.W Rd
SHLR.W #2,Rd
SHLR.L ERd
SHLR.L #2,ERd

SLEEP

SLEEP

STC

STC.B CCR,Rd

STC.B EXR,Rd

STC.W CCR,@ERd
STC.W EXR,@ERd
STC.W CCR,@(d:16,ERd)
STC.W EXR,@(d:16,ERd)
STC.W CCR,@(d:32,ERd)
STC.W EXR,@(d:32,ERd)
STC.W CCR,@-ERd
STC.W EXR,@-ERd
STC.W CCR,@aa:16
STC.W EXR,@aa:16
STC.W CCR,@aa:32
STC.W EXR,@aa:32

AN W WNDNOGO®WWNRNNRRPRRRRPRRRR(R R RRPRRR(R R R R P R

e = T e T = T =
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SUB.W #xx:16,Rd
SUB.W Rs,Rd
SUB.L #xx:32,ERd
SUB.L ERs,ERd

SUBS

SUBS #1/2/4,ERd

SUBX

SUBX #xx:8,Rd
SUBX Rs,Rd

TAS

TAS @ERd™

TRAPA

TRAPA #x:2 Normal

2/3**

=

Advanced

2/3**

N

XOR

XOR.B #xx:8,Rd
XOR.B Rs,Rd
XOR.W #xx:16,Rd
XOR.W Rs,Rd
XOR.L #xx:32,ERd
XOR.L ERs,ERd

XORC

XORC #xx:8,CCR

PIN W P N FP RPINMNNNPRPEP P[P WP DN

XORC

XORC #xx:8,EXR

2

Notes:

n

o

2 when EXR is invalid, 3 when EXR is valid.
5 for concatenated execution, 4 otherwise.
An internal operation may require between 0 and 3 additional states, deper

preceding instruction.

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS
These instructions are supported by the H8S/2600 CPU only.

The number of states may differ depending on the product. For details, refe
relevant microcontroller hardware manual of the product in question.
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Instruction

1 2 3 4 5 6 7 8

IMP @aa:24 RW2nd  [jiemaloperaton, gy o
T— End of instruction
Read effective address (word-size rea
No read or write
Read 2nd word of current instruction
(word-size read)
Legend
R:B Byte-size read
R:W Word-size read
W:B Byte-size write
W:w Word-size write
2nd Address of 2nd word (3rd and 4th bytes)
3rd Address of 3rd word (5th and 6th bytes)
4th Address of 4th word (7th and 8th bytes)
5th Address of 5th word (9th and 10th bytes)
NEXT Address of next instruction
EA Effective address
VEC Vector address
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| 8
O

=
T

,_
=

High level
R:W 2nd Iﬁternél R:W EA
| operation |
‘ : ‘
Fetching Fetching | Fetching Fetchin
3rd byte 4th byte 1st byte of 2nd byte
of instruction of instruction instruction at instructior

jump address  jump addr

Figure2.1 AddressBus, RD, and WR (HWR or LWR) Timing
(8-Bit Bus, Three-State Access, No Wait States)
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vamd

1X3aN M

8:p 399

vamd LX3aN M 8:p INg
vamy LX3aN MY 8:p 1dg
vamd LX3aN M 8:p SA9
vamd LX3aN M 8:p ONG
vamy LX3aN M 8:p 039
vamd LX3aN M 8:p ang
vamy LX3aN MY (8:p 0718) 8:p SO9
vam A1X3IN M (8:p SHa) 8:p 004
vamy LX3aN M 8:psia
vamd LX3aN M 8P IHg
vamd LX3aN M (8:p 49) 8:p Nyg
vamd A1X3IN MY (8:p 19) 8:p vdd
1X3N M v3ay ur M pig m:d puz m:d zerer®@ 'exx# ANVE
1X3aN Mo vaay pige M puz m:d 9TER® '€XX# ANVE
1X3N M v3ad puz m:d 87eR® 'EXX# ANVE
L1X3N M v3ay puz m:d pPY3I®'€:Xx# ANVE
LX3aN M py'exXx# ANVE
L1X3aN M puz m:y UX3'8xx# OANY
LX3aN M "OO'8:Xx# DANY
L1X3aN M puz m:d py3'sy¥3 TANY
1X3aN M pig MY puz m:d pY3ZEXX# TANY
LX3aN M py‘sd M'ANY
LX3N MY puz My PY'9TXX# M'ANY
LX3aN M py'sy 9NV
LX3aN M py'g:xx# g'ANY
LX3aN M py'sy xaav
LX3aN M py'g:xx# Xaav
LXaN M py3'v/2/T# SAav
LX3aN M py3'sy3 TaAav
L1X3N M pige M puz m:y pyI‘cEXXH TAQv
LX3aN M py‘sy maav
LX3N M puz m:d PY'9TIXX# M'AQY
LX3aN M py'sy g'aav
LX3aN M py'g:xx# 4:aav
S 14 € z T uononisu|
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Y3 am 1IX3IN M v3 gy puz m:o PHI@‘€:xXx# Y109

1X3IN M pY'eXxX# ¥109
ajeIs T

V3 MY [uonelado [eusaju| puz m:o 9T:p 379
aels T

V3 MY [uonelado [eusaju| puz m:o 9T:p 199
aleIs T

V3 M:d [‘uonelado [eussi| puz m:d 9T:p 119
aleIs T

V3 M:d ['uonesado [eusai| puz m:d 9T:p 399
aleIs T

V3 M:d [uonesado [eusaiu puz Mo 9T:P ING
ajels T

V3 MY [uonesado feusayu puz Mo 9T:p 1dg
aleIs T

V3 M:d [uonesado [eussiy| puz m:d 9T:P SA9G
ajeIs T

V3 MY [uonelado [eusaju| puz m:o 9T:p ONE
ajeIs T

V3 MY [uonelado [eusaiu| puz m:o 9T:p 039
aleIs T

V3 M:d [‘uoneiado [eussi| puz m:o 9T:p 3NG
aleIs T

V3 M [uonelado [eussiu puz m:d (91:p 0718) 9T:p S04
alels T

V3 M:d ['uonesado [eusai| puz m:d (97:p SHg) 9T:p 009
ajels T

V3 M:d [uonesado [feusaiu puz M 9T:p S1d
ajeIs T

V3 M [uonesado [eussi| puz m:d 9T:P IHG
aleIs T

V3 MY [uonesado [eussiul puz m:d (91:p 49) 9T:p N¥g
ajeIs T

V3 MY [uonelado [eusaju| puz M:d (9T:p 19) 9T:p Vg

vYamd 1IX3N M:d 8:p 3719

14 € Z T uononasu|
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v3ad

puz Mo

9TeR®@'eXX# Q19

1IX3IN MY
1IX3N M puz m:d g'eR® e IXX# Q19
1X3IN M puz mid py3I@'EXX# A9
IX3N M py'exx# alig
1IX3IN M v3 gy Wy M pig M puz m:d zeee®) eixXx# HOXI9
IX3N M v3a gy pIg MH puz M 9TeR®) '€ XX# HOXIg
1IX3IN M v3 gy puz m:o 8'eR@ '€ IXX# HOXIE
1X3IN MY v3 gy puz mid PHI@ €:Xx# HOXI9
1IX3N M py‘exx# Yoxig
v3aam 1IX3IN M v3 gy Wy M pig M puz mid zeee@ EXx4 1S19
vaam IX3IN M v3a gy pIgE M puz m:d 9Tee®@'EXX# 1SI9
v3aam 1X3IN M v3 gy puz m:d gree®'e:xx# 1S19
vaam IX3N M v3a gy puz M pPHID'eXx# 1SIg
1IX3IN M py'exx# 1sig
IX3IN MY v3 gy Uy M pIgE MH puz m:d zeree®@ eixXx¢ Jold
IX3IN M v3 gy pig M puz m:o 9T:ER®) '€:XX# HOIg
1X3IN MY v3 gy puz mid 8eR® 'EIXX# HOIg
1IX3N M v3a gy puz m:d PHIA@'€Xx# Yold
1X3IN M py'exx# Holg
IX3IN M v3 gy Uy M pIgE MH puz m:d zeree@ exXx# @llg
1X3IN M v3 gy pig M puz m:d 9T:ER® 'C:XX# Q119
IX3N M v3a gy puz M gree®@'exx# alig
1IX3IN M v3 gy puz m:o pH3@'e:xx# Alg
1X3IN M py'exx# alig
IX3IN MY v3 ad U md pIgE MH puz m:d zeree@ eixx# ANVIG
1X3IN M v3 gy pie M puz mid 9T:ee@ EXX# ANVIE
IX3N M v3a gy puz m:d gree® eixx# ANvVIg
1X3IN M v3 gy puz m:d pPHI@'€:xx# ANVIE
IX3N M py‘exXx# ANVIF
Y3 am IX3IN MY v3 gy Wy Mo pig M puz m:o zeee@'ud 4109
vaam 1IX3IN MY v3 ay pie M puz mid 9T:ER®'UY Y109
Y3 am 1IX3IN M v3a gy puz m:d gree®@'uy 4109
v3aam 1X3IN MY v3 gy puz mid py3@'uy Y109
IX3N M py‘uy Y109
vagam 1IX3IN M v3 gy Wy M pig M puz m:d zeree®@ x4 4109
S 14 € 4 T uononisu|
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v3am IX3IN MY v3 gy Wy M pig M puz m:o zeree@ exx¢ 1S9
vaam 1IX3IN MY v3 ay pie M puz mid 9T:ER® EIXX# 1S9
Y3 am 1IX3IN M v3a gy puz m:o 8'eR® 'CIXX# 1S9
v3aam 1X3IN MY v3 gy puz Mo pPHI@'e:Xx# 1S9
IX3N M py'exx# 1S9
ajels T
(1) oe1s MM (H) d9E1S MM V3 MY [uonelado [eusaju| puzZ M:d| pasueApy
ajeIs T
>o€1S MM V3 MY [uonesado feusayu puz M\id|  [ewioN 9T:p ¥Sg
(1) >0e3s MM | (H) %oeIs MM v3 M LX3N M:d | paouerpy
oe1Is MM vamd 1X3IN M [ew.IoN 8:p Usd
v3aam IX3IN M v3 gy Uy me pIE MH puz m:d zeree@'uy 13s9
v3aam 1X3IN M v3 gy pig M puz Mo 9T:eR®@'UY 1359
vaam IX3N M v3a gy puz m:d g'ee®@'uy 1359
v3agam 1X3IN M v3 gy puz Mo pY3I®@‘'uy 1359
IX3N M py‘uy 13sg
Y3 am IX3IN M v3 gy Wy M pig M puz m:o zeee® eixx# 1359
vaam 1IX3IN MY v3 ay pige M puz mid 9T:eR® ' :XX# 1359
Y3 am 1IX3N M v3a gy puz m:d 8'eR® e XX# 1359
v3aam 1X3IN M v3 gy puz Mo pPYI@'e:xXx# 1359
IX3N M py'exx# 1359
1X3IN M v3ad Wy M pie M puz Mo zeree@ x4 Hod
IX3IN M v3a gy pIg MH puz m:d 9TeR@ EXX# HOd
IX3IN M v3 gy puz m:o 8:eRe® e IXX# Y09
1X3IN MY v3 gy puz mid PYI@'e:Xx# HOg
1IX3N M py'exx# Hogd
v3aam 1IX3IN MY v3ad Wy M pie M puz Mo zeree@'uy 1ONg
vaam IX3IN M v3a gy pIgE MH puz m:d 9T'eR®'UY LONG
v3aam 1X3IN M v3 gy puz m:d g'ee@'uy LONg9
vaam IX3N M v3a gy puz m:d pY3I®‘uy LONg
1IX3IN M py‘uy LONg
vaam IX3IN MY v3 gy Uy Mo pIgE MH puz mid zeee®@ e Xx# LONg
Y3 am IX3IN M v3 gy pig M puz m:o 9T:ER®) '€:XX# LONE
v3aam 1X3IN MY v3 gy puz mid 8:ee® e :XX# LONG
Y3 am IX3N M v3a gy puz m:d PHI@'€:XX# LONgG
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1X3aN M

PY M'NLX3

1IX3N M [Q-ERRIVE]
“l ¢,S8Wn U pareadsy [~ 1X3IN M Pd M'S1X3
IX3aN M z. PVI M zSV3 g™ 1. Pv3I g 1. SV3 8™ puz m:d MANONd33
1IX3IN M z« PV M z.Sv3 gy 1. PV3 gy 1.Sv3 gy puz m:d 9AONd33
sorels 6T ‘uonesado [eusaiu IX3N M py3‘'sd M'NXAIQ
sorels 1T ‘uonesado [eulaiu 1IX3IN M py'sy g'NXAId
sajess 67 ‘uonesado [eusaiu 1X3IN MY puz mid py3'sd M'SXAIQ
sorels TT ‘uonesado [eulaiul IX3IN M puz m:d py'sy g'sXAId
1X3IN M py3'e/T# 1°03a
1IX3N M py‘z/T# MO3a
1X3IN M pd 9'03a
IX3N M Py Ssva
1IX3IN M pd vva
IX3IN M py3a‘'syY3 TdND
1IX3IN M pige M puz m:o pY3‘ZEXX# TdND
1X3IN M py‘'sd MdIND
IX3IN M puz m:d PYH9T:XX# MdIND
1X3IN M py'sy gdiND
IX3IN M pPY'8:xx# adiND
6x31RIS T

‘uonesado [eusaiu 1X3IN MY *OVINYTD
IX3IN MY v3 gy Wy M pig M puz m:o zeeR®) eIXxX# HOXE
1IX3IN MY v3 gy pie M puz mid 9T:ERe®'E:XX# HOXd
1IX3N M v3aad puz m:d 8:eR® '€ IXX# HOXd
1X3IN M v3 gy puz mid pPHI@ E:XX# HOXE
IX3N M py'EXX# YOX4g
1X3IN M v3 gy Wy M pig M puz m:d ceee@'uy 1s19
IX3N M v3a gy pIg M puz M oT'eR@'UY 1S19
IX3IN M v3 gy puz m:o gree@'uy 119
1X3IN MY v3 gy puz mid pY3I®@'Uy 1S19
1IX3N M py‘ud 1s19
1IX3IN M v3 gy Wy M pige M puz md zeee@ XXy 1519
IX3IN M v3a gy pIgE MH puz m:d 9Tee®@'eXX# 1519
1X3IN M v3 gy puz m:d g'ee® 'eiXx# 1519
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v3 md 1X3AN M Uy Mo pIg MY puz m:o yx3‘zerre® 0a1
v M 1X3N M uy MY pIge My puz m:d ¥oo'zere® 0A1
v3 M 1X3N M pig M puz m:d ¥x3'9TeR® 041
vI M 1X3N M pige My puz m:d ¥00'9TER® 041
arels T
V3 MY [uonesado [eussiul LIX3aN M puz m:d UX3'+s¥3® O
aleIs T
V3 MY [uonesado [eussiul 1X3aN M puz m:d ¥00'+s¥3® Oa1
va md 1X3aN M ws My wr MY pige M puz Mo Yx3'(sy3'zep)® oAl
va M 1X3N M ws Mo ur M pige M puz m:d ¥0D'(sy3'zeP)® Oa
vI M L1X3N M pIgE My puz m:d Yx3'(sy3'9T:P)® Oa1
v3a M 1X3aN M pigE M puz Mo Y00 (s¥3'9T:P)® Oa1
v3 M L1X3aN M puz m:d Yx3'sy¥30 0a1
vamy L1X3aN M puz My ¥00'sy3a® 041
LX3aN M ¥x3'sy 041
LXaN M ¥00'sy 0a1
1X3N M puz m:d UX3'gxx# 0A1
LX3aN MY ¥00'8xx# 0A1
vamd|  (Does mim|  (H) oeis mim (1) 8ee MM (H) 8ree mod L1X3N MM | pasueApY
vI M YoeIs MM gee MY LX3INMY|  [ewloN 8'e®® USC
alels T
(7) 038 MM | (H) YoBIS MM V3 M:d [uonesado [eusaiu puz M:d| paouenpy
olels T
MoelS MM V3 M:d [‘uonesado [eusaiu| puz m:d [ewJoN vzee® dSC
(1) o0s MM | (H) 0BIS MM vamy LX3N MY | pasuerpy
Xoels MM vamd LIXaNMH|  [ewloN Uy3® USC
aels T
V3 M: [uonesado [eussiug (1) gree MY (H) g'ee MY A1X3N M:H | paoueApy
areis T
Ya M »Co_um\_wac [euiayu| g'ee \\'y 1X3IN '™ [ewION gee®® dNC
aeIs T
V3 M [uonesado jeulsi| puz Mo vzee® diNe
vamd LX3aN M U433 dINC
LX3aN MY PY3‘C/T# TONI
LX3aN M PY‘Z/T# MONI
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LX3N MY puz m:d py'9TIER® MAOW
arels T
V3 MY [uonesado [eussiul LX3aN MY pY ‘+s43© MAOW
va M 1X3N M ur MY pige M puz My pY'(s¥3'ZE:P)@ MAOW
v3 M LIX3aN M puz m:d pY'(s43'9T:P)® MAOW
vamy LX3aN M py'sYI@ MAOW
LX3aN M py'sd MAOW
LX3N M puz m:d PY'9TXX# MAOW
v3 a:M 1X3aN M pige M puz m:d zerer®@ sy 9AON
v3 M LX3N MY puz m:d gT:eR® 'Sy GAON
v3 aM LX3aN M 8ee®'sy GAOW
aeIs T
V3 g:M [uonesado feussiu| LXaN M pPA3-@'sy 9AON
v3 g:M 1X3N M ur M pige M puz m:d (pPY3'ZEP)D'SH GAON
v3 am AX3IN MY puz M (PY3'9T:P)®'sY GAOW
v3 am LX3aN M pPH3IO@'sd AON
vaay L1X3N M pIge My puz m:y py‘zeee® 9AON
v3ay L1X3aN M puz m:d py'9T:ER® SAOW
v3ay LX3aN M py'gee® GAON
alels T
v3 a:d fuonesado [eusaiu| LX3aN M pY‘+s43® 9AON
vaay 1X3aN M wr MY pige M puz Mo pY'(sy3'ze:P)® SAON
vaay AX3IN M puz m:d pY'(sy3'9T:P)® AOW
v3ay LX3aN MY py's43® 9AON
LX3aN M py‘sd 9AON
LX3aN MY py‘8:xx# GAON
wy3 My uya My 1X3aN M puz My 11, WHID +Ud3IO OVIN
6+3181S T
‘uonresado [eussiul LX3aN M 11, JOVIN'SY3 OVINGTT
6+3181S T
I g, Sown u pajeaday [~ ‘uonesado [eussiul LX3aN MY 11,.HOVIN'sY3 OVINQT
arels T
e.(1)o0eIs M| ¢, (H) oeIs mid [uonelado [eusaiu LX3N MY puz M| (e+u¥3-ud3)'+dS® TIAT
|)es T
(1) %08Is M| ¢, (H) oeIs mid [uonelado [eusaiu| L1X3aN MY puz M| (2+uy3-uy3)'+dsS® TWA1
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1X3N M:H py3 1TO3IN
LX3N M pd M'O3N
LX3aN M py @'93N

sarels 6T ‘uonesado [eusaiu LX3N M| 0002/S8H
6.S91e1s € ‘uoneiado feusalu| LX3N M| 0092Z/S8H  PYI'sd MNXININ

serels TT ‘uonesado [eusaiu LX3N M| 0002Z/SSH
6,S91BIS Z ‘uonesado feusauj LIXaN M| 0092/S8H  py'sy g'NXININ

serels 6T ‘uonesado [eusaiul LX3N M puz M:d | 0002/S8H
6,S91EIS € ‘Uonesado eusauj LX3aN M puz M:d| 0092/S8H PHI‘'sd M'SXTNW

sorels TT ‘uonesado [eusaiu| LX3aN m:d puz M:d | 0002/S8H
6.S91e1s Z ‘Uoneiado feussiu| LXaN M puz M:d| 0092/S8H  PY'sd g'SXINW
va p, EM LX3aN m:A puz M 9T:ee®'sYy IdIAOW
va p, MY LX3N M puz M py'9T:ee® Id4AOW
VI MM V3 MM LX3N M ur M pig MY puz M zeree®'sy3 TAOW
2+V3 MM V3 MM LX3N M pig M:d puz M 9T:ee®'SYI TAOW

QleIs T
V3 MM V3 MM ['uonesado feusaiul LX3aN m:d puz M pPY3-@'sy3 TAOW
ZHYI MM VI MM LX3N MmN s M uw M pig M:d puz M (PY3'ZE:P)@'sH3 TAOW
Z+va MM Va3 MM LX3aN m:d pig M:d puz M (PY3'9T:P)®@'sH3 TAOW
Z+Y3 MM V3 MM LX3N M puz M PY3I®@'sy3 TAOW
Z+vamy va Mo LX3aN M uw M pig M:d puz M py3'zEee® TAOW
ZHva M va mo LX3N M pig M:d puz M pY3'9T:EE® TAOW
oleIs T
ZHvamd V3 My [uoresado feussiu| LX3aN m:d puz M pY3'+s43® TAOW
Z+vamy vam LX3N M s M U M pig M:d puz M pY3'(sy3'2e:P)® TAOW
ZHva M va Mo LX3aN M pig M:d puz M PY3'(SY'IT:P)® TAOW
ZHvamy vamy LX3N M puz M pY3'syY3I® TAOW
LX3aN M py3'sy3 TAOW
LX3N M pig M:d puz m:d pY3'ZEXX# TAON
alels T
V3 MM [uonesado feusaiu LX3N m:d pUI-®'sd MAOW
V3 MM LX3aN M pig M:d puz M z€ee®'sy MAOW
V3 MM LX3aN m:A puz M 9T:eR®'SHY MAOW
V3 MM LX3N M N ERY pig M puz M (PY3'ZEP)D'SH MAOIW
V3 MM LX3aN md puz M (PHT'9T:P)D®'SH MAOW
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1X3aN M

PY3 7111X10d

IX3IN MY py‘z# MIXL0Y
1IX3IN M pPd M7IX10d
IX3IN M pY'c# 9 IX10Yd
1X3IN M pY g71X10d
IX3aN M py3‘Z# 1°Y10Y
IX3IN MY pd3 1H10d
IX3IN MY pPY‘z# MY10Y
IX3IN MY Pd M'd10d
1IX3IN M py‘z# 8°410Y
IX3IN MY Pd 9'410d
1X3IN M py3‘e# 1110y
IX3aN M PY3 71110d
IX3IN M pPy‘Z# M1L0Y
IX3IN M Pd M110Y
IX3IN MY py'z# 9110y
1IX3IN M Py 91104
2+V3 MM V3 M:M | uonesado feussiul 1IX3IN M puz m: ud3 THSNd
sleIs T
V3 MM [uonelado jeusai| 1X3IN MM ud M'HSNd
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AIX3IN M puz m:d PY'9T:XX# M"HO
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1IX3IN M pY'8:XxX# 8°40
IX3IN MY Pd3 T1ON
1X3IN M Pd M'LON
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LX3IN M pPY3'# THIHS

IX3IN MY PH3 THTIHS

LX3IN M pY'z# MUTHS

IX3IN MY Pd MHTHS

LX3IN M pPY'z# G THS

IX3IN MY pPd 9°9THS

IX3IN MY pY3'c# TTTHS

IX3IN M pPH3 T TIHS

IX3aN M py‘z# M TTHS

IX3IN M Pd MTIHS

IX3IN MY py'e# 9 1IHS

LX3IN M Py g 11HS

IX3IN M PY3'2# TUVHS

LX3IN M PY3 THVHS

IX3IN MY PY'Z# M'YVHS

LX3IN M Pd M"IVHS

IX3IN MY PY'z# 9°UVHS

LX3IN M P g°UVHS

IX3IN M pPY3‘Z# 1 IVHS

IX3IN M pPd3 1TIVHS

IX3IN MY pPy‘Z# M IVHS

IX3aN M Pd MTIVHS

IX3IN M py‘z# 9 IVHS

IX3IN M Pd 71VHS

oIS T
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Di

Ri

Dn

{

( TOr byte operands

Thei-th bit of the source operand

Thei-th bit of the destination operand
Thei-th bit of the result

The specified bit in the destination operand
Not affected

Modified according to the result of the instruction (see definition)
Alwayscleared to 0

Alwayssetto 1

Undetermined (no guaranteed value)

Z flag before instruction execution

C flag before instruction execution
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ADDX

H = Sm-4 - Dm—4 + Dm—4 - Rm—4 + Sm—4 - Rm—4
N =Rm

Z=Z-Rm- ... ‘RO
V=Sm-Dm-Rm+Sm-Dm-Rm

C=Sm-Dm+Dm-Rm+Sm-Rm

AND

N =Rm
Z=RBm-Rm-1-...... -RO

ANDC

Stores the corresponding bits of the result.
No flags change when the operand is EXR.

BAND

C=C'-Dn

Bcc

BCLR

BIAND

Cc=C'-Dn

BILD

C=Dn

BIOR

C=C'+Dn

BIST

BIXOR

C=C'-Dn+C'-Dn

BLD

C=Dn

BNOT

BOR

C=C+Dn

BSET

BSR

BST

BTST

Z=Dn

BXOR

C=C'-Dn+C'-Dn

CLRMAC*

CMP

H=Sm-4 - Dm-4 + Dm—4 - Rm-4 + Sm—4 - Rm—4
N =Rm

Z=Rm -Bm-1-...-RO

V=8m.Dm Rm+Sm-Dm-Rm

C=Sm: -Dm+Dm:-Rm+Sm-Rm
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=Dm - Rm

DIVXS e — N=Sm Dm+Sm . Dm
Z=Sm-Sm—1-.... -S0

DIVXU — 1 1 —= — N=Sm
Z=Sm-Sm—1-..... S0

EEPMOV - — - - =

EXTS — 0 — N =Rm
Z=Rm-Rm-1-.... ‘RO

EXTU — 0 t 0 — =Rm -Rm-1- ... ‘RO

INC — ! ! - =Rm
Z=Rm-RBRm-1 ... RO
V=Dm:Rm

IMP - - - - —

JSR - - - - —

LDC S A Stores the corresponding bits of the result.
No flags change when the operand is EXR.

LDM - - - - —

LDMAC* —_ = = — —

MAC* - - - - —

MOV — ¢ 0 — N =Rm
Z=Rm-Rm—-1-.... ‘RO

MOVFPE — ¢ 0 — N =Rm
Z=Rm-Rm-1-.... ‘RO

MOVTPE — ¢ 0 — N =Rm
Z=Rm-Rm—-1-.... ‘RO

MULXS — ¢ P = — N = R2m
Z=R2m - -R2m-1 - ...... ‘RO
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NUI

N =Rm
Z=RBm-Rm-1-...... -RO

OR

N =Rm
Z=Rm-Rm-1-...... -RO

ORC

Stores the corresponding bits of the result.
No flags change when the operand is EXR.

POP

PUSH

ROTL

N=Rm
Z=Rm -Rm-1. ... ‘RO
N=Rm
Z=Rm -Rm-1. ... ‘RO
N=Rm
Z=Rm -RBRm-1 - ... -RO

C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)

ROTR

N =Rm

ROTXL

Z=Rm -RBRm-1 ... -RO

C = DO (1-bit shift) or C = D1 (2-bit shift)
N=Rm

Z=Rm-Rm-1 ... ‘RO

C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)

ROTXR

N =Rm
Z=RBm-Rm-1-..... -RO
C = DO (1-bit shift) or C = D1 (2-bit shift)

RTE

Stores the corresponding bits of the result.

RTS

SHAL

N=Rm

Z=Rm-Rm-1 - ... ‘RO

V =Dm - Dm~1 + Dm - Dm~1 (1-bit shift)

V =Dm - Dm~1 - Dm-2 + Dm - Dm-1 - Dm-2 (2-hit shift)
C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)
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L=nNnMm-hm-1-.... atY)
C = DO (1-bit shift) or C = D1 (2-bit shift)

SLEEP _—_ = = =

STC - - = - —

ST™M —_ — = - —

STMAC® — ¢ - N =1 if MAC instruction resulted in negative value in MAC
Z =1 if MAC instruction resulted in zero value in MAC regis
V =1 if MAC instruction resulted in overflow

SuB R H =Sm-4 - Dm—4 + Dm—4 - Rm—4 + Sm-4 - Rm—4
N =Rm
Z=Rm-Rm-1-..... -RO
V=Sm-Dm:Rm+Sm - Dm:Rm
C=Sm -Dm+Dm-Rm+Sm-Rm

SUBS - - = - —

SUBX tor o8 H = Sm-4 - Dm—4 + Dm—4 - Rm—4 + Sm-4 - Rm—4
N=Rm
Z=Z -Rm- ... -RO
V=Sm-Dm-Rm+Sm-Dm-Rm
C=Sm-Dm+Dm-Rm+Sm-Rm

TAS -t t 0 — N =Dm
Z=Dm -Dm-1 - ..... -DO

TRAPA —_ — = = —

XOR —t ¢t 0 — N =Rm
Z=Rm-RBRm—-1 - ... ‘RO

XORC Tttt to Stores the corresponding bits of the result.

No flags change when the operand is EXR.

Note: * These instructions are supported by the H8S/2600 CPU only.

Rev. 4.00 Feb 24, 2006 page 308 of 322
REJ09B0139-0400

RENESAS



Reset state

The CPU and all on-chip supporting modules have be
initialized and are stopped.

Exception-handling
state

A transient state in which the CPU changes the normg
processing flow in response to a reset, interrupt, or tre

instruction.
Processing Program execution
states state

The CPU executes program instructions in sequence.

Bus-released state

The external bus has been released in response to a |
request signal from a bus master other than the CPU.

Sleep mod

Power-down state Software star

mode
CPU operation is stopped
to conserve power.* Hardware star
mode

Note: * The power-down state also includes a medium-speed mode, module stop |

Figure3.1 Processing States
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nstructon
with
SSBY =1

Bus-released state

Request for

g(]geg{ion exception
handiing handling Sleep mode

Interrupt
request

Exception-handling state

External interrupt Software standby mode

RES = high

? STBY = high, RES = low
Reset state -

Power-down state

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whene
goes low.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.

Figure3.2 State Transitions

3.2 Reset State

When the RES input goes low all current processing stops and the CPU enters the reset
Reset exception handling starts when the RES signal changes from low to high.

The reset state can also be entered by awatchdog timer overflow. For details, refer to tl
microcontroller hardware manual.
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CEXCEPUON Tarn it iy 15 pPelrtormeud 101 U alts, 1escLs, ITIENTUPLS, Adlld Uap TS UCL OIS, e
indicates the types of exception handling and their priority. Trap instruction exceptior
aways accepted, in the program execution state.

Exception handling and the stack structure differ according to the interrupt control mc

SYSCR.
Table3.1 Exception Handling Typesand Priority
Priority  Type of Exception Detection Timing Start of Exception Han
High Reset Synchronized with clock  Exception handling start
A immediately when RES
from low to high
Trace End of instruction When the trace (T) bit is
execution or end of trace starts at the end o
exception-handling instruction or current ex
sequence™ handling sequence
Interrupt End of instruction When an interrupt is reg
execution or end of exception handling start
exception-handling of the current instructior
sequence™? exception-handling seqt
Trap instruction When TRAPA instruction  Exception handling star
is executed trap (TRAPA) instructior
Low executed*®
Notes: 1. Traces are enabled only in interrupt control modes 2 and 3. Trace exceptio
not executed at the end of the RTE instruction.
2. Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC
or immediately after reset exception handling.
3. Trap instruction exception handling is always accepted, in the program exe

For details on interrupt control modes, exception sources, and exception handling, ref
relevant microcontroller hardware manual.
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Traces are enabled only in interrupt control modes 2 and 3. Trace mode is entered whel
of EXRisset to 1. When trace mode is established, trace exception handling starts at tt
each instruction.

At the end of atrace exception-handling sequence, the T bit of EXR iscleared to 0 and
is cleared. Interrupt masks are not affected.

The T bit saved on the stack retains its value of 1, and when the RTE instruction is exe
return from the trace exception-handling routine, trace mode is entered again. Trace ex
handling is not executed at the end of the RTE instruction.

Trace mode is not entered in interrupt control modes 0 and 1, regardless of the state of

3.34 Interrupt Exception Handling and Trap Instruction Exception Handling

When interrupt or trap-instruction exception handling begins, the CPU references the s
(ER7) and pushes the program counter and other control registers onto the stack. Next,
atersthe settings of the interrupt mask bitsin the control registers. Then the CPU fetct
address (vector) from the exception vector table and execution branches to that address

Figure 3.3 shows the stack after exception handling ends, for the case of interrupt mods
advanced mode.

3.35 Usage Notes
(1) Conflict between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupts, the disabling becomes
after execution of the instruction.

When an interrupt enable bit is cleared to 0 by an instruction such asBCLR or MOV, &
interrupt is generated during execution of the instruction, the interrupt concerned will
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Theinstructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any
instructions are executed, all interruptsincluding NMI are disabled and the next instrt
always executed. When the | bit is set by one of these instructions, the new val ue becc
two states after execution of the instruction ends.

(3) Interruptsduring Execution of EEPM OV Instructions
Interrupt operation differs between the EEPM OV .B instruction and the EEPMOV.W |

With the EEPMQV .B instruction, an interrupt request (including NM1) issued during
is not accepted until the transfer is completed.

With the EEPMOV.W instruction, if an interrupt request isissued during the transfer,
exception handling starts at the next break in the transfer cycle. The PC value saved o
this case is the address of the next instruction.

Therefore, if an interrupt is generated during execution of an EEPMOV.W instruction
following coding should be used.

L1: EEPMOV. W
MOV. W R4, R4
BNE L1
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PR PC R
(16 bits)

(a) Interrupt control modes 0 & 1

Advanced mode

SpP— CCR

PC
(24 bits)

J\

(c) Interrupt control modes 0 & 1

Note: * Ignored when returning.

PC
(16 bits)

(b) Interrupt control mode

J

SP— EXR
Reserved*
CCR

PC
(24 bits)

\/

(d) Interrupt control mode

Figure3.3 Stack Structure after Exception Handling (Example)

34 Program Execution State

In this state the CPU executes program instructions in sequence.
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3.6 Power-Down State

The power-down state includes both modes in which the CPU stops operating and mo
the CPU does not stop. There are three modes in which the CPU stops operating: seg)
software standby mode, and hardware standby mode. There are also two other power-
modes: medium-speed mode and module stop mode. In medium-speed mode the CPU
bus masters operate on a medium-speed clock. Module stop mode permits halting of t
of individual modules, other than the CPU. For details, refer to the relevant microcont
hardware manual.

36.1 Sleep Mode

A transition to sleep modeis made if the SLEEP instruction is executed while the soft
standby bit (SSBY) in the system control register (SY SCR) is cleared to 0. In Sleep m
operations stop immediately after execution of the SLEEP instruction. The contents o
registers are retained.

3.6.2 Softwar e Standby M ode

A transition to software standby mode is made if the SLEEP instruction is executed w
SSBY bitin SYSCR isset to 1. In software standby mode, the CPU and clock halt an
operations stop. The on-chip supporting modules are reset, but aslong as a specified \
supplied, the contents of CPU registers and on-chip RAM are retained. The I/O ports
in their existing states.
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4.2 On-Chip Memory (ROM, RAM)

On-chip memory is accessed in one state. The data busis 16 bits wide, permitting bot
word access. Figure 4.1 shows the on-chip memory access cycle. Figure 4.2 shows the

! Bus cycle !

0 Y Y
Internal address bus X Address

A
Internal read signal \ /

Read ‘
access 1
Internal data bus ( Readdata y——
) Internal write signal A //
Write ! !
access |

e

Internal data bus

Write data >—

Figure4.1 On-Chip Memory Access Cycle
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AS High

RD ! High !

HWR, LWR | High |
Data bus High-impedance state

Figure4.2 Pin Statesduring On-Chip Memory Access
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«o T T

Internal address bus

Internal read signal N\

Address

“7\““‘&““

Read

access
Internal data bus Read data
Internal write signal \

Write !

access !
Internal data bus 1 < Write data

Figure4.3 On-Chip Supporting Module Access Timing
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AS : High

RD j High
HWR, LWR ! High
Data bus High-impedance state

Figure4.4 Pin Statesduring On-Chip Supporting M odule Access

4.4 External Address Space Access Timing

The external address space is accessed with an 8-bit or 16-bit data bus width in atwo-s
three-state bus cycle. Figure 4.5 shows the read timing for two-state and three-state acc
4.6 shows the write timing for two-state and three-state access. In three-state access, wi
can be inserted. For further details, refer to the relevant microcontroller hardware mant
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/_

Read data

Data bus

(a) Two-State Access

T3

Read cycle
T2

T1

Address

Address bus

Read data

Data bus

(b) Three-State Access

Figure4.5 External Device Access Timing (Read Timing)

REJO!
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(a) Two-State Access

1 Write cycle

Address bus >< Address
AS | \ I I /
AWR, LWR : \ : /

Data bus —‘—< Write data

(b) Three-State Access

Figure4.6 External Device Access Timing (Write Timing)
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