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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Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and
more reliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corp. product best suited to the customer's application; they do not convey any license
under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or
a third party.

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

3. All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corp. without notice due to product improvements or
other reasons. It is therefore recommended that customers contact Renesas Technology Corp. or
an authorized Renesas Technology Corp. product distributor for the latest product information
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 rising
from these inaccuracies or errors.

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

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

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

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

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

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

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

The H8S/2600 Series and the H8S/2000 Series are built around an H8S/2000 CPU core.

The H8S/2600 and H8S/2000 CPUs have the same internal 32-bit architecture. Both CPUs
execute basic instructions in one state, have sixteen 16-bit registers, and have a concise, optimized
instruction set. They can address a 16-Mbyte linear address space.Programs coded in the high-
level language C can be compiled to high-speed executable code.

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

The H85/2600 CPU is upward-compatible with the H8S/2000 CPU at the object-code level, and
supports sum of products instructions.

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

For hardware details, refer to the relevant microcontroller hardware manuals.
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Main Revisions for This Edition

Item Page Revisions (See Manual for Details)
1.1.1 Features 2 Note * added
— Maximum clock frequency: 20 MHz*

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

2.2.22 CLRMAC 90 Further explanation added to note
Operand Format and The number of states may differ depending on the product.
Number of States For details, refer to the hardware manual of the product in
Required for Execution question.
2.2.24 DAA 94 Table amended
Description C Flag Upper 4 Bits H Flag Lower 4 Bits Value C Flag
before before before before Added after
Adjustment | Adjustment | Adjustment | Adjustment_|(Hexadecimal)| Adjustment
0 AtoF 1 0to3 66 1
1 Oto2 0 Oto9 60 1
1 Oto2 0 AtoF 66 1
1 Oto3 1 Oto3 66 1
2.2.37 LDMAC 130 Further explanation added to note
Operand Format and The number of states may differ depending on the product.
Number of States For details, refer to the hardware manual of the product in
Required for Execution question.

2.2.42 (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
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Item Page Revisions (See Manual for Details)

2.2.64 STMAC 232 Table amended

Operand Format and : Instruction Format :

Number of States ! 1stbyte 2nd byte | 3rd byte 4th byte

Required for Execution i 01 2| 2 ioerd :
P01 2 | 3 iolerd :

Further explanation added to note

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

questlon.
2.3 Instruction Set 250, Note 7 amended and note 10 added
Table 2.1 Instruction ' ' Mo of
H .
Set 2601 ! States*!
H
262 Mnemonic v
H 3
-] 2
VE S
v 2| 2
DAS DAS Rd H 1
MULXU | MULXU.B Rs,Rd 1 3(12+7)
: *4%10
MULXU.W Rs,ERd 1 4(20%7)
D ek
MULXS | MULXS.B Rs,Rd v 4(1347)
) *5*10
MULXS.W Rs,ERd 1 5(21%7)
. *5%10
........................... H S
H
\ No.of
! States*!
H
Mnemonic v
' =1
H 3
[ 2
VE S
V5 3
-4 <
MAC*® MAC @ERn+,@ERm+ ' 4
H
H
H
CLRMAC*®| CLRMAC ! 2%6*10
LDMAC*® | LDMAC ERs,MACH L 2%6*0
LDMAC ERs,MACL | 2%
STMAC*® | STMAC MACH,ERd T
STMAC MACL ERd + o 1%6%10
H
H
1+ No. of
1 States*l
H
Mnemonic '
' °
N
]
VE|E
-
 Z <
TRAPA | TRAPA #x:2 :7[9]'7 8[9]"”
H
RTE RTE HEEDH
H
.

Notes: 7. Values in parentheses ( ) are for the H8S/2000
CPU. Values in square brackets [ ] apply to interrupt control
modes 2 and 3.

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

Page

Revisions (See Manual for Details)

2.6 Number of States
Required for Instruction
Execution

Table 2.5 Number of
Cycles in Instruction
Execution

283,
285,
286,
288

Note 6 added

Branch
Instruction Address  Stack Byte Data Word Data Internal
Fetch Read Operation Access Access Operation

Instruction  Mnemonic | J K L M N

Branch
Instruction Address  Stack Byte Data Word Data Internal
Fetch Read Operation  Access Access Operation
Instruction _ Mnemonic ________ L .- N S S Mo N
LDMAC** LDMAC ERs,MACH 1 1 M
LDMAC ERs,MACL 1 1 M
Branch
Instruction Address  Stack Byte Data Word Data Internal
Fetch Read Operation  Access Access Operation
Instruction ~ Mnemonic | J K L M N
MULXS MULXS.BRsRd  H8S/2600 2 2 M
H8S/2000 2 1 1
MULXS.W Rs,ERd H8S/2600 2 3 . |
H8S/2000 2 1 9
MULXU MULXU.B Rs,Rd  H8S/2600 1 2 i |
H8S/2000 1 1 1
MULXU.W Rs,ERd H8S/2600 1 3 B
H8S/2000 1 1 9
Branch
Instruction Address  Stack Byte Data Word Data Internal
Fetch Read Operation Access  Access Operation
Instruction Mnemonic I J K L M N
STMAC**  STMAC MACH,ERd 1 0*ee
STMAC MACL,ERd 1 0*°%e

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

2.7 Bus States During
Instruction Execution

Table 2.6 Instruction
Execution Cycles

290

:M deleted from legend

293 to
302

All instances of :M deleted from table

3.3.5 Usage Notes

312,
313

Newly added
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SECHON L CPU ..ottt 1
T O 1Y VT PSS 1
L11  FEAIUMES.....ooii s 1
1.1.2 Differences between H8S/2600 CPU and H8S/2000 CPU .........cccoevrerveenennenen. 2
1.1.3 Differencesfrom H8/300 CPU .......c.cccocrieiinneerneereeeese s 3
1.1.4 Differences from H8/300H CPU........cccooi i 4
1.2 CPU Operating MOUES.........ccucuiiiiietirienietisieseete sttt et eb s e b sre e b sneseenesneneas 5
1.3 ACUIESS SPBCE. ...ttt ettt sttt sttt b et b e e st b se st b e ne bt b e e e bt b e e ne b e e 10
1.4 Register CONfIQUIAiON......cceeieeeieriestesieseesteseeeesae st e e st se e e e e s e e srestesneere e e eneeneeseenes 11
LAL  OVEIVIBW...oiiieiieeicte ettt n bt b e n et n e nn e 11
142  GeNEral REQISLEIS.....ccceiise ittt seee ettt sttt st se e e na e tesneerenne e 12
1.4.3  CONrOl REGISIEIS ......ciuiieiiite ittt sttt et b et r e eb e e se b sre e 13
144 Initial REGISIEr VAIUES........coeiitiricierieec sttt 15
15 DEAFOIMELS. ... .ciiteetiiieeie ettt sttt ettt e st e et et e s abe s aeesae e sbeeseeeneeanesneesbeebeen 16
151 General Register Data FOrMELS........ccccviirueeieeieeriesesiesesteseeeesiesees e seessesseeseennens 16
152 Memory DalaFOrmMatS........ccoiiiiiiieniiiesiee sttt s sre e s 18
1.6 INSIIUCHION SEL...o.vviiiriieeeiest et 19
G0 N @Y= YT T ST 19
1.6.2 Instructions and Addressing MOES..........courveeririinieerieine s 20
1.6.3 Tableof Instructions Classified by FUNCLION ..........cccoviniininicee 22
1.6.4 BasiCINSrUCtiON FOMMELS ......cccoveuirireeiierieie e 32
1.7 Addressing Modes and Effective Address Calculation...........cccevevvrievenenieecenssesee e 33
Section 2 INStruction DESCIIPLIONS.........c.cocviveieieeesie e 41
21 TahleSand SYMDOIS......ccuiciiieiree e 41
211 Assembly-Language FOrMEL ..........ccoereeririeininieeseseeeee e 42
25 B2 © o= - (o] o [P 43
2.1.3  CONitioN COOB......c.crvereiererreireeree sttt 44
214 INSrUCLION FOMMEL.......ciieireierereeeesieie s 44
215 Register SPECITICAION ......coveiieireciiriiree e 45
2.1.6 Bit DataAccessin Bit Manipulation INSIrUCtiONS...........ccceevvireeerieneerieeeenenes 46
2.2 INSrUCION DESCITPLIONS . ....ccviiteecieiteseeie sttt sttt sb e e 47
221 (1) ADD (B) it 48
2.2.1(2)  ADD (W) ettt 49
221 (3)  ADD (L) ciretrerreiererieiesie st 50
222 ADDS ... bbb bbbt bbbttt 51
223 AADDX .ttt bbbt bbb bbb e bt et s 52
224 (1)  AND (B) ettt bbbt 53

Contents
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22.4(2)
2.2.4(3)
2.25(1)
2.25(2)
226
227
2238
2.2.9
2.2.10
2211
2212
2213
2214
2.2.15
2.2.16
2.2.17
2.2.18
2.2.19
2.2.20
2221
2.2.22
2.2.23 (1)
2.2.23(2)
2.2.23(3)
2.2.24
2.2.25
2.2.26 (1)
2.2.26 (2)
2.2.26 (3)
2.2.27 (1)
2.2.27 (2)
2.2.28 (1)
2.2.28 (2)
2.2.29 (1)
2.2.29 (2)
2.2.30 (1)
2.2.30 (2)
2.2.31 (1)
2.2.31(2)
2.2.32 (1)
2.2.32 (2)

AND (W) ettt ettt et eae e e et et nee e e 54
N V1 2 S 55
ANDC ... e e ate e s aeenare s 56
ANDC ... et e e e e ate e s aeenare s 57
BAND ... e et e et e e e ara e e e araeaaan 58
B G i e e e e e e ae e e e eae e e e eaareaeaans 60
B L R et e e e e ae e e e e areeeanns 62
7172 1| 2 64
1 5 RS 66
T 68
Bl ST e e e e et e e e e eab e e e e ara e e e abaeaaan 70
BIXOR ..ttt e ettt e e e e e e abaeaaan 72
T I SRR 74
[\ 1 SRS SS 76
T RS 78
S IS 80
B O R e e e e e re e e e eae e e e aareeeaans 82
B ST e e e e e e b e e e e e bae e e e areeeeaaeeaeanareeeanns 84
BT ST e e et e e et e e e et e e e e ra e e e abaeaaan 86
2 O S 88
(O I Y SR 20
L0111 (= ) 91
L0111 T P 92
L0111 (ST 93
DA A e e e e e —e e e e e ba e e e eaate e e e araeaearaeaaan o)
[N SRS 96
[ O () T 98
[0 O (1L ) T 99
[0 = O () TSRS 100
(DR G T (=) ISR 101
DIVXS (W) ettt sttt neas 103
(1R U I () 105
[ 1R O I (1 ) TR 107
[T @ A A (= ) T 109
EEPMOV (W) .ottt ettt sttt s sne st sn e 110
EXTS (W) ettt e sttt sbe bt ne e 112
[5G S J () USSP 113
[0 1L () 114
)G 1L () 115
LA O = SRS 116
TN O Y TSRS 117
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2.2.32(3)
2.2.33

2.2.34

2.2.35 (1)
2.2.35(2)
2.2.35(3)
2.2.35 (4)
2.2.36

2.2.37

2.2.38

2.2.39 (1)
2.2.39(2)
2.2.39 (3)
2.2.39 (4)
2.2.39 (5)
2.2.39 (6)
2.2.39 (7)
2.2.39 (8)
2.2.39 (9)
2.2.40

2241

2.2.42 (1)
2.2.42 (2)
2.2.43 (1)
2.2.43 (2)
2.2.44 (1)
2.2.44 (2)
2.2.44 (3)
2.2.45

2.2.46 (1)
2.2.46 (2)
2.2.46 (3)
2.2.47 (1)
2.2.47 (2)
2.2.47 (3)
2.2.48 (1)
2.2.48 (2)
2.2.49 (1)
2.2.49 (2)
2.2.50 (1)
2.250 (2)

INC (L) erereeeeseeeeeeeeeeeeeeeeseessesses e eseseseseseesssesees e seesesseeeeeeeesesess e ﬁg
IVIP oo eeseeseeee s es s eeseeeeeeeee o
S oY

(I o3 (=) Yoo E;
(I o3 (=) o 123
(1Y oX (1) ST 124
(1Y o3 (1) T 126
LDM oo eeeeeeeeeeeeee s eeesessseseee e eeessseseeeee e

0]V X oo 130
IMAC ..o eeeeeeeeeeeeeee e eeesseesesese e eesssseseeee oo 311
YT A (=) oSS 13
MOV (W) e eeeeeeeeeeeeeeseessee e eesseeeeesee e s eesseseeeee e 13
MOV (L) et eeeeeeeeeeeeeeesessesseeseeeeeeeeeeseeeeeseeseesssesese e essseseeeeeseseeeeseeseeeeees 13
Y L0 (=) Yoo 137
MOV (W) oo eeeesessseeseseeesssses s eeeeessssseseeee s eseeeeees 139
MOV (L) crrereeeeeeeeeeeeeeeeeeesesses s eeeeeeesssseeseseeessssss s eessssseseeeee s eseeeeees 14l
YT A (=) oS 143
MOV (W) e eeeeeeeeeeeeeeeseeesee e eesseeeeesee e eesseseeeee e 4
MOV (L) et eeeeeeeeeeeeeeesessesseeseeeeeessesseeeseseeeeseseses e sssseseeeeeeseseesesseseeeeee 7
Y L0 = = =

Y L0 = = 150
Y O G Y (=) oo 151
IMULXS (W) oovvveeeeeeeeereeseeseseeeeeeeeeeeseesesesesesesessesseeesessssseeeeeeeesessssseseeeeeeeseeees 152
IMULXU (B)ervvveeeeeeeeeeereersessesseeeeeeesesseeeseseesessssssssseeeeseessseseeeeesesessesssseseeeeees 153
IMULXU (W) eereeoeeeeeeeeereeeesseeseeeeeeeeeeseeeeessesesesssss s eessseseeeeeesesessesseneeeeees 154
NI () oo 122
1=\ J oo 156
1= (oo 157
NOP ... eeeeeeeeeeeseeeessees e eeeeseeeseeeeseesees e seseseseeee s eseseeesee

T (=) TS igg
NOT (W) oo esses e seeseeeeeeeeseessesse s eesseseeee s 160
NOT (L) e eeeeeeeeeeeeeeeeeeeessessesseeeeeeeessseeeseseeessssse s seessssseseeee e eeeeeeees 161
(012X (=) J o 162
OR (W) oo eeeeesesseesese e eesssssseseee e eeeeeeeseeees 163
(o =X (I TS 104
ORC oo eeeseseeee e esse e eeeeeeeeeeee

ORC oo eseeseee e e e s s e eeeeeeeeeeee 166
POP (W) oo eeeeesesesseeees s eeeeeessssseeeeee s eeeeeeeseeees 12573
2ol X (1 oo 168
PUSH (W) e eoeeeeeeeeeeeeeeesesse s eeeeeeseeeeseseeseessesseeeeeesessssseeeeee s eeeeseeseeees 169
S S (I oS
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ROTL (B) ovreeeeeeeeveeeeeeeseesssesssseessessssssssssessssessssssssessssesssessssesseessssseseessseessees 171
=Y 2 A=) FE OO 172
ROTL (W) e eeeeeeeeesseeseseeesesessseessesessesssseesssessesesseesssseeesesssesssees 173
ROTL (W) et eeeeeeeeesseeeeseeesseseseesseseseesssssesssesseesesseesssseeesesssesseees 174
ROTL (L) werrereeeeeeeeeeeeeseessseeessseesseesssssssssessseessssessssssssesssessssesssessssseseessseessees 175
ROTL (L) orrereeeeeeeeeeeeeeeeseseessseesseesssessseessseesssssssssssseesssessssesseessssssseesssesssees 176
Yoy A= (=) O 177
=Y 2 A= (=) OO 178
ROTR (W) seeeeeeeeessesseseeessessseesseseeseesseeessseeeeesesseesssseesessesesssees 179
ROTR (W) eeeeveeeeeeeeeseeeeeeeeeseesseseeesseseseesseseeeesseeessseeeesesseesssseesessssesseees 180
ROTR (L) erreeeeeeeveeeeeeeseesssssesseessesssssssssessssesssssssssssseesssesssesesseessssseseesssesssees 181
ROTR (L) erreeeeeeeveeeeeesseesssesesseessesssssssseessseessssesssesssseesssessssesseessssseseessseessees 182
=1 0 (I (=) J o 183
=Y 1 1 T (=) TP 184
ROTXL (W) eeeveeeeeeeeeseeeeeeesessesseseeessessseessesesseesseeessseeseesesseessseeesessesesseees 185
ROTXL (W) v seeeeeeseesseeseseeessessseessesessessseeessseeseesesseessseeesessesesseees 186
ROTXL (L) crerreeevvveeeeeeeeeeeeeeeesssesseesesesessessssessssesssesssssesssesssssssessssssessesssesseees 187
= 1 0 (T (1) oS 188
a0 =X (=) T 189
2o 1 B (=) J OO 190
ROTXR (W) e eeveeeeseeeeseeeeeeeseseesseseeessessseesssseesessseseseseesssessessssseeesessssesseees 191
ROTXR (W) oo eeseeeeeeeeessesseseeesseseseessssessessseeeseseesessssseesssseesseesssesseees 192
= 10 = (0 o 193
ROTXR (L) creereeevvveeeeeeeeeeseseeesssesssessssessseessseessssesssessseessssesssssssessssssesesssesseees 194
RTE e eeveeeeoeeeeeeeeeeeess e sssssee e ssseses e e e et sseee e eeessseses e eeeesssneeeeeeee 195
RTS e eeeeeeeeee e eeeeese e seeese e es s ee e s e s s e eeeeseseee e 197
SHAL (B) ooeevvveeeeeeeeseeseeeeeeeessssesssesesssesseesssseesssesssessssseesssssessssesessessssesseees 198
SHAL (B) ooeevveeeeeeseeseeseeeeeeeessseesssesesssssssessssesssesesssessssseesssssesssseeeesessssesseees 199
SHAL (W) oo eeeeseeeeeeseseseesee e sssssseeeeeesseseeseeeeeeeesseeeneees 200
SHAL (W) oo seeeeessesseeesssesessessssessssssessesssesssssessessssessssesessesssesseees 201
SHAL (L) crereeeeeveeeeerseeseesesesesssessesesssesesssessssessssesessesssessssseessessssessssssessesssesseees 202
SHAL (L) crerereeeveeeeeeeeeeeeseeeeeesessssessseseeeeseseessesesessesssessssseeeesseeessseseeseesssesseees 203
ST =N (=) J OO 204
ST =N (=) F OO 205
SHAR (W).oooeeeeeeeeeeeeses e eeeeeeseseeeesesseseesse s eeseseseeeees s eseeeneees 206
SHAR (W) oo eeeeeeeeesseeessseseseesesessssssssssesssesssssessessssesssseseseesssesseees 207
ST =3 (1) DO 208
SHAR (L) oo eeeeeeeesseseesseseeseeseessssesessesssessssseeessssesssseeeeseesesesseees 209
SHLL (B) «.roeevveveeeeeesseesseeeeesessesesssesesesessssessssssesesesssessseseessesssssesssseeesssssesssees 210
SHLL (B) «.ooeeeveveeeeeeeseesseeeeessessesesssesesesessssesssseesssesssessseseessesssseessseeessesssesssees 211
SHLL (W) eeeeveeeeeeeeeseeeeeessssesessesssssssessesssssseseesssessssssessssssessssesesessseeseees 212
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2.2.59 () SHLL (W) coveeeeeeerereseseeseeeeeeeeeeseeeeeeessesssssseeeeesseeseseeeeessesessseseseeeesssesseseeeneses 213

2.2.59 (5) SHLL (L) ttueettrteerririiieeriisieesiesie sttt st ees 214
2.2.59 (B8) SHLL (L) .eeuereireeeeeiriieeiriisieesiesie s st sttt sttt nee 215
2.2.60 (1) SHLR (B) weueeeiriieeiiriinieiriisieesie ettt st st 216
2.2.60 (2) SHLR (B) woueeviriieeiiiiiieistisiei st st stee ettt st saene e 217
2.2.60 (3) SHLR (W) cueetiiieectistiieestis ettt et aene e 218
2.2.60 (4) SHLR (W) cueetiiiectisieteestis ettt ettt st aene s 219
2.2.60 (5) SHLR (L) weueerireieetiriinieiriise sttt ettt st e 220
2.2.60 (8) SHLR (L) weueeririieeiiriiieiriisieesie sttt ettt st e 221
2261 SLEEP ...t bbb 222
2.2.62 (1) STC (B) .evveeeriirireerisiinieistisieessesteessesteessessessesessassesessessessssestensssessessesessessesens 223
B Y A TS 1 L O (=) ISR 224
B Y () TS 1 L O (L) SRS 225
2.2.62 (4) STC (W) ettt ettt sttt bbbt e e 227
2.2.63 STIM e e bbb ettt b e e ne s re e 229
2.2.64 STIMAC e e et sttt bbb b e pe e 231
2.2.65 (1) SUB (B).eveeeeiitirietisiisieisiisiesissesseeesessessessssessesessessessssessesssessessessssessessssesseneans 233
2.2.65(2) SUB (W) eiueetiiiiietiitisietstis et tee sttt ae e ste s e e sresaeneens 235
2.2.65 (3) SUB (L) .iiteeeriiririeiisiisieistisiesessesteseesessesse e ssessesessassesassessessssessesssssssessessssessenens 236
2.2.66 SUBS. .o et et ettt 237
2.2.67 SUBX ettt et sttt et bbb et e ettt spe e 238
2.2.68 172 TSP PSPPI 239
2.2.69 TRAPA .o ettt e et st ne et naeneas 240
B (O G O (=) PSS 242
2.2.70 (2) XOR (W) cutueetiitisieiisiesieiete et steae st sae st e s sesbe s sestessenensessenenns 243
2.2.70 (3) XOR (L) tovteerireireeiiriirieisiesieesie sttt st e b aeneens 244
2271 (1) XORC.... i iietiriiieeiirienieesie ettt sttt sttt et bt sesbe e e sesbenaeneees 245
2271 (2) XORC....iiieeeiriieeiiriisie st este ettt sttt bttt b et nesbe e nesbeneeneeee 246
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Section1 CPU

Sectionl CPU

11 Overview

The H85/2600 CPU and the H8S/2000 CPU are high-speed central processing units with a
common an internal 32-hit architecture. Each CPU is upward-compatible with the H8/300 and
H8/300H CPUs. The H8S/2600 CPU and H8S/2000 CPU have sixteen 16-bit general registers,
can address a 4-Gbyte linear address space, and are ideal for realtime control.

1.1.1 Features

The H85/2600 CPU and H8S/2000 CPU have the following features.

Upward-compatible with H8/300 and H8/300H CPUs

0 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 32-bit
registers)

Sixty-nine basic instructions (H8S/2000 CPU has sixty-five)

0 8/16/32-bit arithmetic and logic instructions

O Multiply and divide instructions

O Powerful bit-manipulation instructions

O 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 @-ERn]

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

OoOoo0oogoooao
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» High-speed operation

O All frequently-used instructions execute in one or two states

O Maximum clock frequency: 20 MHz*

O 8/16/32-bit register-register add/subtract: 50 ns

O 8 x 8-hit register-register multiply: 150 ns (H85/2000 CPU: 600 ns)
O 16 + 8-bit register-register divide: 600 ns

O 16 x 16-hit register-register multiply: 200 ns (H8S/2000 CPU: 1000 ns)
O 32+ 16-bit register-register divide: 1000 ns

e Two CPU operating modes
O Norma mode
O 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 depending on
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
0 The MAC register is supported only by the H8S/2600 CPU.
For details, see section 1.4, Register Configuration.
» Basicingtructions

0 TheMAC, CLRMAC, LDMAC, and STMAC instructions are supported only by the
H85/2600 CPU.

For details, see section 1.6, Instruction Set, and Section 2, Instruction Descriptions.
» Number of states required for execution
O The number of states required for execution of the MUL XU and MUL XS instructions.
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-down
states, and so on. For details, refer to the relevant microcontroller hardware manual.
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113 Differences from H8/300 CPU

In comparison with the H8/300 CPU, the H8S/2600 CPU and H8S/2000 CPU have the following
enhancements.

» More general registers and control registers

O Eight 16-bit registers, one 8-bit and two 32-bit control registers have been added.
» Expanded address space

O Norma mode supports the same 64-kbyte address space as the H8/300 CPU.

O 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-Gbyte address
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
0 Basicinstructions execute twice as fast.

Ooo0oooogod
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114 Differences from H8/300H CPU

In comparison with the H8/300H CPU, the H8S5/2600 CPU and H85/2000 CPU have the following
enhancements.

« Additional control register

O One 8-bit and two 32-bit control registers have been added.
» Expanded address space

O Advanced mode supports a maximum 4-Gbyte data address space.
» Enhanced instructions
Addressing modes of bit-manipulation instructions have been enhanced.
A multiply-and-accumulate instruction has been added (H85/2600 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

0 Basicinstructions execute twice as fast.

Ooo0oood
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1.2 CPU Operating Modes

Like the H8/300H CPU, the H8S/2600 CPU has two operating modes. normal and advanced.
Normal mode supports a maximum 64-kbyte address space. Advanced mode supports a maximum
4-Gbyte total address space, of which up to 16 Mbytes can be used for program code and up to 4
Ghbytes for data. The mode is selected with the mode pins of the microcontroller. For further
information, refer to the relevant microcontroller hardware manual.

Maximum 64 kbytes, program
Normal mode and data areas combined

CPU operating modes li

Maximum 16-Mbyte program
area and 4-Gbyte data area,
maximum 4 Gbytes for program
and data areas combined

—' Advanced mode

Figure1.1 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 H8/300 CPU.

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

Instruction Set: All additional instructions and addressing modes not found in the H8/300 CPU
can be used. Only the lower 16 bits of effective addresses (EA) are valid.
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Exception Vector Tableand Memory Indirect Branch Addresses: In norma mode the top area
starting at H'0000 is allocated to the exception vector table. One branch addressis stored per

16 bits (figure 1.2). The exception vector table differs depending on the microcontroller. Refer to
the relevant microcontroller hardware manual for further information.

H'0000
H'0001
H'0002 |
H'0003
H'0004 |
HO00051 (Reserved for system use)  --- i
H'0006 Exception

H'0007 | 1 [ vector table
H'0008 |
H'0009
H'O00A|
H'000B

- -- Power-on reset exception vector --

- Manual reset exception vector --

Exception vector 1 -

Exception vector 2 -

O

Figure1.2 Exception Vector Table (Normal Mode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-bit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In normal mode the operand is a 16-bit word operand, providing a
16-bit branch address. Branch addresses can be stored in the top areafrom H'0000 to H'00FF.
Note that thisareais also used for the exception vector table.
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Stack Structure: When the program counter (PC) is pushed onto the stack in a subroutine call,
and the PC, condition-code register (CCR), and extended control register (EXR) are pushed onto
the stack in exception handling, they are stored as shown in figure 1.3. When EXR isinvalid, it is
not pushed onto the stack. For details, see the relevant hardware manual.

\/\ \/\

SP—~ | PC - SP— EXR"1
(16 bits) - Reserved™! "3
(SP—» CCR
\/_\ CCR™3
- PC :
(16 bits)
(a) Subroutine Branch (b) Exception Handling

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 a maximum
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 registers, or as
the upper 16-bit segments of 32-hit registers or address registers.

Instruction Set: All instructions and addressing modes can be used.
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Exception Vector Tableand Memory Indirect Branch Addresses: In advanced mode the top
area starting at H'00000000 is all ocated to the exception vector table in units of 32 bits. In each
32 hits, the upper 8 bits are ignored and a branch address is stored in the lower 24 bits (figure 1.4).
The exception vector table differs depending on the microcontroller. Refer to the relevant
microcontroller hardware manual for further information.

H'00000000 Reserved N
~ Power-on reset exception vector ]
H'00000003
H'00000004 | | Reserved |
~ Manual reset exception vector o
H'00000007
H'00000008
I "1 > Exception vector table
H'0000000B | o
(Reserved for system use)
H'0000000C | ]
H'00000010 Reserved
7 Exception vector 1 o

Figure 1.4 Exception Vector Table (Advanced Mode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-hit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In advanced mode the operand is a 32-bit longword operand, providing
a 32-bit branch address. The upper 8 bits of these 32 bits are areserved area that is regarded as
H'00. Branch addresses can be stored in the top area from H'00000000 to H'000000FF. Note that
thisareais aso used for the exception vector table.
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Stack Structure: In advanced mode, when the program counter (PC) is pushed onto the stack in a
subroutine call, and the PC, condition-code register (CCR), and extended control register (EXR)
are pushed onto the stack in exception handling, they are stored as shown in figure 1.5. When
EXRisinvalid, it is not pushed onto the stack. For details, see the relevant hardware manual.

\/\ \/\

SP— EXR"1
SP—~ | Reserved %2 Reserved™1*3
(SP—) CCR
PC
— (24 bits) I L PC .
(24 bits)
(a) Subroutine Branch (b) Exception Handling

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.

Figurel5 Stack Structurein Advanced Mode
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1.3 Address Space

Figure 1.6 shows a memory map of the H8S/2600 CPU. The H8S/2600 CPU provides linear
access to a maximum 64-kbyte address space in norma mode, and a maximum 4-Gbyte address
space in advanced mode. The address space differs depending on the operating mode. For details,
refer to the relevant microcontroller hardware manual.

H'0000 H'00000000
HFFFF Program area
H'OOFFFFFF | . ... Data area
H'FFFFFFFF
(&) Normal Mode (b) Advanced Mode

Figurel1.6 Memory Map
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14 Register Configuration

141 Overview

The CPUs have the internal registers shown in figure 1.7. There are two types of registers: general
registers and control registers. The H8S/2000 CPU does not support the MAC register.

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 El R1H RIL
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H RAL
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)
23 0
| PC |

76543210
EXR [T |- -]-}i2]i1]i0

76543210

ccr [1UHUNZM

63 41 32
MAC Sign extension 1 MACH
MACL

31 0
Legend:
SP: Stack pointer H: Half-carry flag
PC: Program counter u: 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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142 General Registers

The CPUs have eight 32-bit general registers. These general registers are all functionally alike and
can be used as both address registers and data registers. When a general register is used as a data
register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. When the general registers are used
as 32-hit registers or address registers, they are designated by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit
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 R7H) and
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum sixteen 8-bit
registers.

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

« Address registers

« 32-bit registers « 16-bit registers  8-hit registers
E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers

(RO to R7)
RL registers
(ROL to R7L)

Figure 1.8 Usage of General Registers

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

SP (ER7) —»]

Stack area

/\_/

Figurel1l9 Stack

143 Control Registers

The control registers are the 24-bit program counter (PC), 8-bit extended control register (EXR),
8-bit condition-code register (CCR), and 64-bit multiply-accumulate register (MAC: H8S/2600
CPU only).

(1) Program Counter (PC)

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

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

Bit 7—Trace Bit (T): Selectstrace mode. When this hit is cleared to 0, instructions are executed
in sequence. When this bit is set to 1, atrace exception is generated each time an instruction is
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 level (0 to
7). For details refer to the relevant microcontroller hardware manual.
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Operations can be performed on the EXR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. All interrupts, including NMI, are disabled for three states after one of these
instructions is executed, except for STC.

(3) Condition-Code Register (CCR)

This 8-hit register containsinternal CPU status information, including an interrupt mask bit (1) and
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

Bit 7—Interrupt Mask Bit (1): Masks interrupts other than NMI when set to 1. (NM1 is accepted
regardless of the | bit setting.) The |l bit is set to 1 by hardware at the start of an exception-
handling sequence.

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask
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, or NEG.B
instruction is executed, thisflag is set to 1 if thereisacarry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
setto 1if thereisacarry or borrow at bit 11, and cleared to 0 otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to O otherwise.

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

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

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

Bit 0—Carry Flag (C): Set to 1 when acarry occurs, and cleared to 0 otherwise. Used by:

» Addingtructions, 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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Some instructions leave some or all of the flag bits unchanged. For the action of each instruction
on the flag bits, refer to the detailed descriptions of the instructions starting in section 2.2.1.

Operations can be performed on the CCR bhits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional branch
(Bcc) instructions.

(4) Multiply-Accumulate Register (MAC)

The MAC register is supported only by the H8S/2600 CPU. This 64-hit register stores the results
of multiply-and-accumulate operations. It consists of two 32-bit registers denoted MACH and
MACL. The lower 10 bits of MACH are valid; the upper bits are a sign extension.

14.4 Initial Register Values

Reset exception handling loads the CPU’ s program counter (PC) from the vector table, clearsthe
trace bit in EXR to 0, and sets the interrupt mask bitsin CCR and EXR to 1. The other CCR bits
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initialized.
The stack pointer should therefore be initialized by an MOV .L instruction executed immediately
after areset.
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15 Data Formats
The CPUs can process 1-hit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit (longword) data.
Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2, ..., 7) of byte

operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits of 4-bit
BCD data.

151 General Register Data For mats

Figure 1.10 shows the data formats in genera registers.

Data Type Register Number Data Format
1-bit data RnH 7 0
|7l6]s|a[3[2]1[o]  Dontcare
1-bit data R
______ Dontcare  |7]6]5[4]3]2[1]0]
4-bit BCD data RnH 7 43 o
| Upper | Lower |  Dontcare |
4-bit BCD data R 7 4 3 0
______ Dontcare | Upper | Lower |
Byte data RnH 7 0O
] oot
MSB s T
Byte data R 7 0
Don't care |
""""""""""" MSB LSB

Figure 1.10 General Register Data For mats
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Word data Rn

15 0
MSB LSB
Word data En
15 0
MSB LSB
Longword data ERnN
31 16 15 0
MSB En Rn LSB
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)

RENESAS
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152 Memory Data For mats

Figure 1.11 shows the data formats in memory. The CPU can access word data and longword data
in memory, but word or longword data must begin at an even address. If an attempt is made to
access word or longword data at an odd address, no address error occurs but the least significant
bit of the addressis regarded as O, so the access starts at the preceding address. This also appliesto
instruction fetches.

Data Type Data Format
Address /\/
0
1-bit data AddressL| 7|6 |5|4(3|2]1|0
Byte data AddressL |MSB: @ i . ISB
Word data Address 2M MSB% b b
Address 2M + 1 §|_s|3
Longword data Address 2N MSB%
Address 2N + 1 ‘ ‘
Address 2N + 2
Address 2N + 3 'LSB

Figure1.11 Memory Data Formats

When the stack pointer (ER7) is used as an address register to access the stack, the operand size
should be word size or longword size.
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1.6 I nstruction Set

1.6.1 Overview

The H8S/2600 CPU has 69types of instructions, while the H8S/2000 CPU has 65 types. The
instructions are classified by function as shown in table 1.1. For a detailed description of each
instruction, see section 2.2, Instruction Descriptions.

Table1l.1 Instruction Classification

Function Instructions Size Types
Data transfer MOV BWL 5
POP*?, PUSH*? WL
LDM, STM L
MOVFPE, MOVTPE B
Arithmetic ADD, SUB, CMP, NEG BWL 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS™ B
MAC, LDMAC, STMAC, CLRMAC™* — 4
Logic operations  AND, OR, XOR, NOT BWL 4
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL 8
Bit manipulation ~ BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bcc™®, JMP, BSR, JSR, RTS — 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP — 9
Block data transfer EEPMOV — 1

H8S/2600 CPU: Total 69 types  H8S/2000 CPU: Total 65 types
Legend: B: Byte size
W: Word size
L: Longword size

Notes: 1. The MAC, LDMAC, STMAC, and CLRMAC instructions are supported only by the
H8S/2600 CPU.
2. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn,
@-SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L
ERn, @-SP.
3. Bcc is the generic designation of a conditional branch instruction.
4. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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16.2 Instructions and Addressing Modes

Table 1.2 indicates the combinations of instructions and addressing modes that the H8S/2600 CPU
and H8S/2000 CPU can use.

Table1l.2 Combinationsof Instructions and Addressing M odes
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1.6.3 Table of Instructions Classified by Function

Table 1.3 summarizes the instructions in each functional category. The notation used in table 1.3
is defined next.

Operation Notation

Rd General register (destination)*
Rs General register (source)*

Rn General register*

ERn 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

#MM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

g Logical AND

ad Logical OR

a Logical exclusive OR

- Move

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

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-hit registers (RO
to R7, EO to E7), and 32-bit registers (ERO to ER7).
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Table1.3

Type

Instructions Classified by Function

Instruction  Size** Function

Data transfer

MOV B/WI/L (EAs) —» Rd, Rs - (EAd)
Moves data between two general registers or between

a general register and memory, or moves immediate
data to a general register.

MOVFPE B (EAs) - Rd

Moves external memory contents (addressed by
@aa:16) to a general register in synchronization with
an E clock.

MOVTPE B Rs - (EAs)

Moves general register contents to an external memory
location (addressed by @aa:16) in synchronization with
an E clock.

POP W/L @SP+ -~ Rn

Pops a register from the stack. POP.W Rn is identical
to MOV.W @SP+, Rn. POP.L ERn is identical to
MOV.L @SP+, ERnN.

PUSH WiIL Rn - @-SP

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

LDM L @SP+ - Rn (register list)
Pops two or more general registers from the stack.
ST™M L Rn (register list) -~ @-SP

Pushes two or more general registers onto the stack.
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Type Instruction  Size** Function
Arithmetic ADD B/W/L RdzRs - Rd, Rdz#IMM - Rd
operations SUB Performs addition or subtraction on data in two general
registers, or on immediate data and data in a general
register. (Immediate byte data cannot be subtracted
from byte data in a general register. Use the SUBX or
ADD instruction.)
ADDX B Rd+Rs+C - Rd, Rd+#MM+C - Rd
SUBX Performs addition or subtraction with carry or borrow
on byte data in two general registers, or on immediate
data and data in a general register.
INC B/W/L Rd+1 - Rd, Rd+2 - Rd
DEC Increments or decrements a general register by 1 or 2.
(Byte operands can be incremented or decremented by
1 only.)
ADDS L Rd+1 - Rd, Rd+2 - Rd, Rd+4 - Rd
SUBS Adds or subtracts the value 1, 2, or 4 to or from data in
a 32-hit register.
DAA B Rd decimal adjust - Rd
DAS Decimal-adjusts an addition or subtraction result in a
general register by referring to the CCR to produce 4-
bit BCD data.
MULXU B/W Rd xRs - Rd
Performs unsigned multiplication on data in two general
registers: either 8 bits x 8 bits - 16 bits or 16 bits x
16 bits - 32 bits.
MULXS B/W Rd xRs - Rd
Performs signed multiplication on data in two general
registers: either 8 bits x 8 bits - 16 bits or 16 bits x
16 bits — 32 bits.
DIVXU B/W Rd+Rs - Rd
Performs unsigned division on data in two general
registers: either 16 bits + 8 bits - 8-bit quotient and
8-bit remainder or 32 bits + 16 bits - 16-bit quotient
and 16-bit remainder.
DIVXS B/W Rd+Rs - Rd

Performs signed division on data in two general
registers: either 16 bits + 8 bits — 8-bit quotient and
8-bit remainder or 32 bits + 16 bits - 16-bit quotient
and 16-bit remainder.
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Type Instruction  Size** Function
Arithmetic CMP B/W/L Rd-Rs, Rd-#MM
operations Compares data in a general register with data in
another general register or with immediate data, and
sets CCR bhits according to the result.
NEG B/W/L O0-Rd - Rd
Takes the two’s complement (arithmetic complement)
of data in a general register.
EXTU Wi/L Rd (zero extension) - Rd
Extends the lower 8 bits of a 16-bit register to word
size, or the lower 16 bits of a 32-bit register to longword
size, by padding with zeros on the left.
EXTS Wi/L Rd (sign extension) - Rd
Extends the lower 8 bits of a 16-bit register to word
size, or the lower 16 bits of a 32-bit register to longword
size, by extending the sign bit.
TAS B @ERd -0, 1 — (<bit 7> of @ERd)*?
Tests memory contents, and sets the most significant
bit (bit 7) to 1.
MAC — (EAs) x (EAd) + MAC - MAC
Performs signed multiplication on memory contents
and adds the result to the multiply-accumulate register.
The following operations can be performed:
16 bits x 16 bits +32 bits — 32 bits, saturating
16 bits x 16 bits + 42 bits — 42 bits, non-saturating
Supported by H8S/2600 CPU only.
CLRMAC — 0 - MAC
Clears the multiply-accumulate register to zero.
Supported by H8S/2600 CPU only.
LDMAC L Rs - MAC, MAC - Rd
STMAC Transfers data between a general register and the

multiply-accumulate register.
Supported by H8S/2600 CPU only.
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Type Instruction  Size** Function
Logic operations AND B/W/L RdORs - Rd, RdO#MM - Rd
Performs a logical AND operation on a general register
and another general register or immediate data.
OR B/W/L RdORs - Rd, Rd O#MM - Rd
Performs a logical OR operation on a general register
and another general register or immediate data.
XOR B/W/L RdORs - Rd, RdO#IMM - Rd
Performs a logical exclusive OR operation on a general
register and another general register or immediate
data.
NOT B/W/L - (Rd) - (Rd)
Takes the one’s complement of general register
contents.
Shift operations  SHAL B/W/L Rd (shift) - Rd
SHAR Performs an arithmetic shift on general register
contents.
1-bit or 2-bit shift is possible.
SHLL B/W/L  Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
1-bit or 2-bit shift is possible.
ROTL B/WI/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 the carry bit.

1-bit or 2-bit rotation is possible.
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1

Type Instruction  Size** Function

Bit-manipulation BSET B 1 - (<bit-No.> of <EAd>)
instructions

Sets a specified bit in a general register or memory
operand to 1. The bit number is specified by 3-bit
immediate data or the lower three bits of a general
register.

BCLR B 0 - (<bit-No.> of <EAd>)

Clears a specified bit in a general register or memory
operand to 0. The bit number is specified by 3-bit
immediate data or the lower three bits of a general
register.

BNOT B = (<hit-No.> of <EAd>) - (<hit-No.> of <EAd>)

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

BTST B - (<bit-No.> of <EAd>) - Z

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

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

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

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

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

The bit number is specified by 3-bit immediate data.
BOR B C O(<bit-No.> of <EAd>) - C
ORs the carry flag with a specified bit in a general

register or memory operand and stores the result in the
carry flag.

BIOR B C O~ (<bit-No.> of <EAd>) — C

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

The bit number is specified by 3-bit immediate data.
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1

Type Instruction  Size** Function
Bit-manipulation BXOR B C O (<bit-No.> of <EAd>) - C
Instructions Exclusive-ORs the carry flag with a specified bit in a
general register or memory operand and stores the
result in the carry flag.
BIXOR B C 0 = (<bit-No.> of <EAd>) -~ C
Exclusive-ORs the carry flag with the inverse of a
specified bit in a general register or memory operand
and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.
BLD B (<bit-No.> of <EAd>) -~ C
Transfers a specified bit in a general register or
memory operand to the carry flag.
BILD B = (<bit-No.> of <EAd>) - C
Transfers the inverse of a specified bit in a general
register or memory operand to the carry flag.
The bit number is specified by 3-bit immediate data.
BST B C - (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a
general register or memory operand.
BIST B - C - (<hit-No.> of <EAd>)

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

The bit number is specified by 3-bit immediate data.
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1

Type Instruction  Size** Function
Branch Bcc — Branches to a specified address if a specified condition
instructions is true. The branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High cOoz=0
BLS Low or same coz=1
BCC(BHS) Carry clear C=0
(high or same)
BCS(BLO) Carry set(low) C=1
BNE Not equal Z=0
BEQ Equal zZ=1
BVC Overflowclear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greaterorequal NOV=0
BLT Less than NOV=1
BGT Greater than ZzONOV)=0
BLE Less or equal ZONOV) =1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine
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Type

Instruction

Size*

1

Function

System control

TRAPA

Starts trap-instruction exception handling.

instructions

RTE

Returns from an exception-handling routine.

SLEEP

Causes a transition to a power-down state.

LDC

B/W

(EAs) - CCR, (EAs) — EXR

Moves the source operand contents or immediate data
to CCR or EXR. Although CCR and EXR are 8-bit
registers, word-size transfers are performed between
them and memory. The upper 8 bits are valid.

STC

B/W

CCR - (EAd), EXR - (EAd)

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

ANDC

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

Logically ANDs the CCR or EXR contents with
immediate data.

ORC

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

Logically ORs the CCR or EXR contents with
immediate data.

XORC

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

Logically exclusive-ORs the CCR or EXR contents with
immediate data.

NOP

PC+2 - PC
Only increments the program counter.
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Type

Instruction  Size™*

Function

Block data
transfer
instruction

EEPMOV.B

EEPMOV.W

if R4L # 0 then
Repeat @ER5+ -~ @ERG6+
R4L -1 - R4L
UntilR4L =0
else next;

if R4 # 0 then
Repeat @ER5+ -~ @ERG6+
R4-1 - R4
UntiiR4=0
else next;

Transfers a data block according to parameters set in
general registers R4L or R4, ER5, and ERG6.

R4L or R4: size of block (bytes)
ERS:
ERG6:

starting source address
starting destination address

Execution of the next instruction begins as soon as the

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 instruction.
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1.6.4 Basic I nstruction For mats

The H8S/2600 or H8S/2000 instructions consist of 2-byte (1-word) units. An instruction consists
of an operation field (op field), aregister field (r field), an effective address extension (EA field),
and a condition field (cc).

Operation Field: Indicates the function of the instruction, the addressing mode, and the operation
to be carried out on the operand. The operation field always includes the first four bits of the
instruction. Some instructions have two operation fields.

Register Field: Specifiesageneral register. Address registers are specified by 3 bits, data registers
by 3 bits or 4 hits. Some instructions have two register fields. Some have no register field.

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

Condition Field: Specifiesthe 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), Rm, etc.

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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1.7 Addressing Modes and Effective Address Calculation
(1) Addressing Modes

The CPUs support the eight addressing modes listed in table 1.4. Each instruction uses a subset of
these addressing modes. Arithmetic and logic instructions can use the register direct and
immediate modes. Data transfer instructions can use all addressing modes except program-counter
relative and memory indirect. Bit manipulation instructions use register direct, register indirect, or
absolute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, and
BTST ingtructions) or immediate (3-bit) addressing mode to specify a bit number in the operand.

Tablel.4  Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERnN
3 Register indirect with displacement @(d:16,ERn)/@(d:32,ERN)
4 Register indirect with post-increment @ERnN+
Register indirect with pre-decrement @-ERnN
5 Absolute address @aa:8/@aa:16/@aa:24/@aa:32
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 32-bit general
register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers.
RO to R7 and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit
registers.

2. Register Indirect—@ERnN: Theregister field of the instruction code specifies an address
register (ERn) which contains the address of the operand in memory. If the addressis a program
instruction address, the lower 24 bits are valid and the upper 8 bits are all assumed to be 0 (H'00).

3. Register Indirect with Displacement—@(d: 16, ERn) or @(d:32, ERn): A 16-bit or 32-hit
displacement contained in the instruction is added to an address register (ERn) specified by the
register field of the instruction, and the sum gives the address of amemory operand. A 16-hit
displacement is sign-extended when added.

Rev. 4.00 Feb 24, 2006 page 33 of 322
REJ09B0139-0400
RENESAS



Section1 CPU

4. Register Indirect with Post-l1ncrement or Pre-Decrement—@ERnN+ or @-ERnN:

* Register indirect with post-increment— @ERN+
The register field of the instruction code specifies an address register (ERn) which contains the
address of amemory operand. After the operand is accessed, 1, 2, or 4 is added to the address
register contents and the sum is stored in the address register. The value added is 1 for byte
access, 2 for word access, or 4 for longword access. For word or longword access, the register
value should be even.

* Register indirect with pre-decrement—@-ERn

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

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

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa: 16), or 32 bits
(@aa:32) long. For an 8-hit 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 asign extension. A 32-hit absolute
address can access the entire address space.

A 24-hit absolute address (@aa:24) indicates the address of a program instruction. The upper 8
bits are all assumed to be 0 (H'00).

Table 1.5 indicates the accessible absol ute address ranges.

Tablel5 Absolute Address Access Ranges

Absolute Address Normal Mode Advanced Mode
Data address 8 bits (@aa:8) H'FFO00 to H'FFFF H'FFFFFFOO0 to H'FFFFFFFF

16 bits (@aa:16) ~ H'0000 to HFFFF  H'00000000 to H'00007FFF,
H'FFFF8000 to H'FFFFFFFF

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

Program instruction 24 bits (@aa:24) H'00000000 to H'00FFFFFF
address

For further details on the accessible range, refer to the relevant microcontroller hardware manual.
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6. Immediate—#xx:8, #xx: 16, or #xx:32: The instruction contains 8-hit (#xx:8), 16-bit (#xx:16),
or 32-bit (#xx:32) immediate data as an operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate dataimplicitly. Some bit

mani pulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate data in its instruction code, specifying a
vector address.

7. Program-Counter Relative—@(d:8, PC) or @(d:16, PC): This modeis used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction is sign-extended and
added to the 24-bit PC contents to generate a branch address. Only the lower 24 bits of this branch
address are valid; the upper 8 bits are all assumed to be 0 (H'00). The PC value to which the
displacement is added is the address of the first byte of the next instruction, so the possible
branching range is —126 to +128 bytes (—63 to +64 words) or —32766 to +32768 bytes (—16383 to
+16384 words) from the branch instruction. The resulting value should be an even number.

8. Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
second byte of the instruction specifies a memory operand by an 8-bit absolute address. This
memory operand contains a branch address. The upper bits of the absolute address are all assumed
to be 0, so the address range is 0 to 255 (H'0000 to H'0OFF in normal mode, H'00000000 to
H'000000FF in advanced mode). In normal mode the memory operand is aword operand and the
branch addressiis 16 hits long. In advanced mode the memory operand is alongword operand, the
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 further details
refer to the relevant microcontroller hardware manual.

\_/_\ \/_\

Specified — Reserved
by @aa:8

Specified —
by @aa:8

,,,,, Branch address  ----

\_/_\

Branch address

(@) Normal Mode (b) Advanced Mode

Figure1.13 Branch Address Specification in Memory Indirect Mode
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If an odd addressis specified in word or longword memory access, or as a branch address, the
least significant bit is regarded as 0, causing data to be accessed or an instruction code to be
fetched at the address preceding the specified address. (For further information, see section 1.5.2,
Memory Data Formats.)

(2) Effective Address Calculation

Table 1.6 indicates how effective addresses are calculated in each addressing mode. In normal
mode the upper 8 bits of the effective address are ignored in order to generate a 16-bit address.

Rev. 4.00 Feb 24, 2006 page 36 of 322
REJ09B0139-0400
RENESAS



Section1 CPU

Effective Address Calculation

Table 1.6
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21

Section 2 Instruction Descriptions

Tablesand Symbols

This section explains how to read the tables in section 2.2, describing each instruction. Note that
the descriptions of some instructions extend over more than one page.

[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, Operation.)

Assembly-Language Format: Indicates the assembly-language format of the instruction.
(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 CCR.
(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 field of the
instruction.

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

[10] Notes: Gives notes concerning execution of the instruction.
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211 Assembly-L anguage For mat

Example: ADD.B <EAs>, Rd

T

Source operand

Destination operand

Size

—— Mnemonic

The operand size is byte (B), word (W), or longword (L). Some instructions are restricted to a
limited set of operand sizes.

The symbol <EA> indicates that two or more addressing modes can be used. The H8S/2600 CPU
supports the eight addressing modes listed next. Effective address calculation is described in
section 1.7, Addressing Modes and Effective Address Calculation.

Symbol Addressing Mode

Rn Register direct

@ERnN Register indirect

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

@(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 optimize the
length according to the value range. For details, refer to the H8S, H8/300 Series cross assembler
user’smanual.

Note: “:2” and “:3” in “#xx (:2)" and “#xx (:3)" indicate the specifiable bit length. Do not
include (:2) or (:3) in the assembler notation.
Example: TRAPA #3
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212

The symbols used in the operation descriptions are defined as follows.

Operation

Rd General register (destination)*

Rs General register (source)*

Rn General register*

ERn 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 (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

ad Logical AND

g Logical OR

ad Logical exclusive OR

- Transfer from the operand on the left to the operand on the right, or transition from
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-bit registers

(RO to R7 and EO to E7), and 32-hit registers (ERO to ER7).
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2.1.3 Condition Code

The symbols used in the condition-code description are defined as follows.

Symbol

Meaning

!

Changes according to the result of instruction execution

*

Undetermined (no guaranteed value)

0

Always cleared to 0

Always set to 1

Not affected by execution of the instruction

Varies depending on conditions; see the notes

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

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

ers, erd, ern Register field (3 hits). The symbols ers, erd, and ern correspond to operand

symbols ERs, ERd, and ERn.
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215 Register Specification

Address Register Specification: When ageneral register is used as an address register [ @ERN,
@(d:16, ERn), @(d:32, ERn), @ERN+, or @-ERn], theregister is specified by a 3-bit register
field (ersor erd).

Data Register Specification: A general register can be used as a 32-bit, 16-bit, or 8-bit data
register.

When used as a 32-bit register, it is specified by a 3-hit register field (ers, erd, or ern).

When used as a 16-bit register, it is specified by a4-bit register field (rs, rd, or rn). The lower 3
bits specify the register number. The upper bit is set to 1 to specify an extended register (En) or
cleared to O to specify ageneral register (Rn).

When used as an 8-bit register, it is specified by a4-bit register field (rs, rd, or rn). The lower 3
bits specify the register number. The upper bit is set to 1 to specify alow register (RnL) or cleared
to 0 to specify a high register (RnH). Thisis shown next.

Address Register

32-Bit Register 16-Bit Register 8-Bit Register

Register General Register General Register General

Field Register Field Register Field Register

000 ERO 0000 RO 0000 ROH

001 ER1 0001 R1 0001 R1H

111 ER7 0111 R7 0111 R7H
1000 EO 1000 ROL
1001 E1l 1001 R1L
1111 E7 1111 R7L
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216 Bit Data Accessin Bit Manipulation Instructions

Bit dataisaccessed asthen-th bit (n=0, 1, 2, 3, ..., 7) of abyte operand in ageneral register or
memory. The bit number is given by 3-bit immediate data, or by the lower 3 bits of ageneral
register value.

Examplel: Tosethit3inR2Hto 1

BSET R1L, R2H

RIL | | Dontcare | 011

Bit number

R2H|o 11 001 0 1]

Setto 1l

Example 2: To load bit 5 at address H'FFFFO2 into the bit accumul ator

BLD #5, @H'FFFF02

#5

HFFFFO2 (10 1 ]0 0 1 1 0

L \/_,_ C

Load

\4

The operand size and addressing mode are as indicated for register or memory operand data.
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22 Instruction Descriptions

Theinstructions are described starting in section 2.2.1.
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22.1(1) ADD (B)

ADD (ADD Binary) Add Binary
Operation Condition Code
Rd+(EAs) -~ Rd | U HUN Z V C

— | — ]t =]ttt

otherwise cleared to 0.
N: Setto 1 if theresult is negative; otherwise

ADD. B <EAs>, Rd

cleared to O.

Z: Setto 1if theresult iszero; otherwise

Operand Size cleared to 0.

Byt
yie cleared to 0.

C. Settolif thereisacarry at bit 7;

otherwise cleared to 0.

V: Setto 1if an overflow occurs; otherwise

Description

This instruction adds the source operand to the contents of an 8-bit 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

Addressing . Instruction Format No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate ADD.B #xx:8, Rd 8 rd IMM 1
Register direct ADD.B Rs, Rd 0 8 rs rd 1
Notes
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221(2) ADD (W)

ADD (ADD Binary)

Add Binary

Operation

Rd + (EAS) — Rd

Condition Code

Il UU HUN Z V C
— |t =TT

ADD. W <EAs>, Rd

otherwise cleared to 0.

N: Setto1if theresult is negative; otherwise
cleared to 0.

Z: Settolif theresult is zero; otherwise

Operand Size

Word

cleared to 0.

V: Setto1if an overflow occurs; otherwise
cleared to 0.

C. Settolif thereisacarry at bit 15;
otherwise cleared to 0.

Description

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

Addressing . Instruction Format No. of
Mnemonic | Operands )

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

Notes
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2.2.1(3) ADD (L)

ADD (ADD Binary)

Add Binary

Operation

ERd + (EAs) - ERd

Condition Code

Il UU HUN Z V C

— =]

— ! ! !

!

otherwise cleared to 0.
ADD. L <EAs>, ERd . . . .
N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Setto 1if theresult iszero; otherwise
Operand Size cleared 10 0.
V: Setto 1if an overflow occurs; otherwise
Longword
cleared to 0.
C. Settolif thereisacarry at bit 31;
otherwise cleared to 0.
Description

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

Available Registers

ERd: EROto ER7
ERs: EROto ER7

Operand Format and Number of States Required for Execution

Instruction Format

Addressing . No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte ’ 5th byte ‘ 6th byte | States
Immediate ADD.L #xx:32, ERd| 7 A 1 |Olerd IMM 3
Register direct ADD.L ERs, ERd 0 A 1§ers Oierd ‘ ‘ ‘ 1

Notes
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222 ADDS

ADDS (ADD with Sign extension) Add Binary Address Data

Operation Condition Code

Rd+1 - ERd | UHUNZV C

Rd+2 - ERd 11T _1_T1_

Rd+4 - ERd

ADDS #1, ERd N: Prev!ous value rema! ns unchanged.

Z: Previous value remains unchanged.

ADDS #2, ERd . A

ADDS #4 ERd V: Previous value remains unchanged.
’ C: Previous value remains unchanged.

Operand Size

Longword

Description

Thisinstruction adds the immediate value 1, 2, or 4 to the contents of a 32-hit register ERd
(destination operand). Unlike the ADD instruction, it does not affect the condition code flags.

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ADDS #1, ERd 0 B 0 |Olerd 1
Register direct ADDS #2, ERd 0 B 8 |Ojerd 1
Register direct ADDS #4, ERd 0 B 9 :O:erd 1
Notes
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223 ADDX
ADDX (ADD with eXtend carry) Add with Carry
Operation Condition Code
Rd+ (EAs)+C - Rd | U H UN Z V C

— | — ]t =]t t| ]
Assembly-L anguage For mat H: Settolif thereisacary at bit 3;

otherwise cleared to 0.
N: Setto 1 if theresult is negative; otherwise
cleared to 0.
Z: Settolif theresult is zero; otherwise
Operand Size cleared 10 0.
V: Setto1if anoverflow occurs; otherwise
cleared to 0.
C. Settolif thereisacarry at bit 7;
otherwise cleared to 0.

ADDX <EAs>, Rd

Byte

Description

This instruction adds the source operand and carry flag to the contents of an 8-bit 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

Addressing . Instruction Format No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate ADDX #xx:8, Rd 9 rd IMM 1
Register direct ADDX Rs, Rd 0 E rs rd 1
Notes
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2.24(1) AND (B)

AND (AND logical)

Logical AND

Operation

Rd O(EAS) — Rd

Condition Code

I U H UN Z V C
— | —|—=|=]t]t]0]|—

Assembly-L anguage For mat

AND. B <EAs>, Rd

H: Previous value remains unchanged.
N: Setto 1 if theresult is negative; otherwise

cleared to O.
Z: Settolif theresultiszero; otherwise
cleared to O.
Operand Size V: Alwayscleared to 0.
C: Previous value remains unchanged.
Byte
Description

Thisinstruction ANDs the source operand with the contents of an 8-bit 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

Addressing . Instruction Format No. of
Mnemonic | Operands )

Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate AND.B #xx:8, Rd E rd IMM 1
Register direct AND.B Rs, Rd 1 6 rs rd 1

Notes
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224(2) AND (W)

AND (AND logical) Logical AND
Operation Condition Code
Rd D(EAs) - Rd | U HUNZV C
—|— | ==t | 0|—
AND. W <EAs>, Rd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
cleared to O.
Operand Size V: Alwayscleared to 0.
C: Previous value remains unchanged.
Word
Description

Thisinstruction ANDs the source operand with the contents of a 16-bit register Rd (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

Addressing . Instruction Format No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate AND.W #xx:16, Rd 7 9 6 rd IMM 2
Register direct AND.W Rs, Rd 6 6 rs rd 1
Notes
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2.24(3) AND (L)

AND (AND logical)

Logical AND

Operation

ERd O(EAS) — ERd

Condition Code

Il UU HUN Z V C

—| t]t|0]|—

Assembly-L anguage For mat H: Previous value remains unchanged.
AND. L <EAs>, ERd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
cleared to O.
C: Previous value remains unchanged.
Longword
Description

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

Available Registers

ERd: EROto ER7
ERs: EROto ER7

Operand Format and Number of States Required for Execution

Instruction Format

Addressing . No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte ’ 5th byte ‘ 6th byte | States
Immediate AND.L  |#xx:32,ERd| 7 A 6 |Olerd IMM 3
Register direct | AND.L | ERs,ERd | 0 [ 1 | F | 0 | 6 | 6 ‘Ogersgogerd‘ ‘ 2

Notes
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2.25(1) ANDC

ANDC (AND Control register)

Logical AND with CCR

Operation
CCR O#IMM - CCR

Assembly-L anguage For mat
ANDC #xx:8, CCR

Operand Size
Byte

Condition Code

OsSNzcITC™

Il UU HUN Z V C
O T I B

Stores the corresponding bit of the result.
. Stores the corresponding bit of the result.
Stores the corresponding bit of the result.
Stores the corresponding bit of the result.
Stores the corresponding bit of the result.
Stores the corresponding bit of the result.
Stores the corresponding bit of the result.
Stores the corresponding bit of the result.

Description

This instruction ANDs the contents of the condition-code register (CCR) with immediate data and
stores the result in the condition-code register. No interrupt requests, including NMI, are accepted

immediately after execution of thisinstruction.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Immediate ANDC #xx:8,CCR| 0 6 IMM 1
Notes
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2.25(2) ANDC

ANDC (AND Control register) Logical AND with EXR
Operation Condition Code
EXR O#IMM - EXR |l U HUN Z V C

ANDC #xx:8, EXR N: Prev! ousvalue rema! ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Byte

Description

This instruction ANDs the contents of the extended control register (EXR) with immediate data
and stores the result in the extended control register. No interrupt requests, including NMI, are
accepted for three states after execution of thisinstruction.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate ANDC | #xx:8,EXR| 0 | 1 4 i1 0 i 6 IMM 2
Notes
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226 BAND

BAND (Bit AND) Bit Logical AND
Operation Condition Code

C D(<blt No.> of <EAd>) - C | U H UN Z V C

— === ===t

BAND #xx:3, <EAd> N: Prev! ousvalue rema! ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Storestheresult of the operation.

Operand Size

Byte

Description

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

Specified by #xx:3

BitNo. 7 ' 0
| ] |

<EAd> —

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: EROto ER7
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BAND (Bit AND)

[enuell . emp.iey Ja||011U0J0J0 I JURAS R 8U) 01 JBJ8. ‘afLe. SSa0de 9T 2e®)/gee®) ay) Jo4

S9I0N

"<py3> puesado uoireunsap sy Jo apow Buissaippe ay) si apow Buissaippe ayl « 910N

sae : : T ssalppe
S 0 w_\‘_\,__wo 9 L q 0 e | V. 9|z £XX#| AaNvd oIn0sqy
- W e : HE® 0 ssalppe
4 0 Wm0l 9 2 q 0: T |V 9 |om €| aNva oInosay
o o ssaippe
€ 0 9 1L sqe 3 i L | 8eed ‘exx#| dNvd oIn0Sqy
& 'exx 1aupul
€ 0 9 1L O i L | PpYA@ e | ANvE JorsiBoy
exx 10011p
T NWEO| 9 L pY ‘e aNvd JorsiBoy
sikquyig | @kquy. | @1Kkqyi9 | a1kquls | akquy | 8IAq pig | 81Aq puz | B1AqIST

wmu.ﬁw aqy qy ay ay aqy qp qp q spuesado | oluowau +OPON

J0°ON Jew.io uononNsu| Buissaippy

uoIINJaX3 JoJ palinbay sa1els Jo ,BquunN pue Jew jo4 pueedo

Rev. 4.00 Feb 24, 2006 page 59 of 322

REJ09B0139-0400

RENESAS



Section 2

Instruction Descriptions

227 Bcc

Bcc (Branch conditionally)

Conditional Branch

Operation

If condition istrue, then
PC +disp - PC

else next;

Condition Code

I Ul

H UN Z VvV C

Assembly-L anguage For mat H: Previous value remains unchanged.
i N: Previous value remains unchanged.
Bec disp o Z: Previous value remains unchanged.
Condition field V: Previous value remains unchanged.
C: Previous value remains unchanged.
Operand Size
Description

If the condition specified in the condition field (cc) is true, a displacement is added to the program

counter (PC) and execution branches to the resulting address. If the condition is false, the next

instruction is executed. The PC value used in the address calculation is the starting address of the
instruction immediately following the Bec instruction. The displacement is a signed 8-bit or 16-bit

value. The branch destination address can be located in the range from —126 to +128 bytes or
—32766 to +32768 bytes from the Bcc instruction.

Mnemonic Meaning cc Condition Signed/Unsigned*
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 =Y (unsigned)
BCS (BLO) Carry Set (LOw) 0101 |[C=1 X <Y (unsigned)
BNE Not Equal 0110 |zZz=0 X #Y (unsigned or signed)
BEQ EQual 0111 |z=1 X =Y (unsigned or signed)
BvC oVerflow Clear 1000 [V =0
BVS oVerflow Set 1001 |vV=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 |ZANOV) =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 contents
(destination operand) and Y is the source operand.
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Bcc (Branch conditionally) Conditional Branch

Operand Format and Number of States Required for Execution

Addressing Mnemonic | Operands Instruction Format No. of

Mode 1st byte 2nd byte 3rd byte 4th byte States
Program-counter d:8 4 0 disp 2
relative BRA (BT) d:16 5 8 0 {o disp 3
Program-counter d:8 4 1 disp 2
relative BRN (BF) d:16 5 8 110 di‘sp 3
Program-counter BHI d:8 4 2 disp ‘ 2
relative d:16 5 8 2 | o disp 3
Program-counter BLS d:8 4 3 disp ‘ 2
relative d:16 5 8 310 disp 3
Program-counter d:8 4 4 dis 2
rela%ive Bec (BHS) d:16 5 8 4 | ° 0 din 3
Program-counter d:8 4 5 disp 2
relative BCS (BLO) d:16 5 8 5 {0 di‘sp 3
Program-counter BNE d:8 4 6 disp ‘ 2
relative d:16 5 8 6 i 0 disp 3
Program-counter BEQ d:8 4 7 disp ‘ 2
relative d:16 5 8 7 10 disp 3
Program-counter BVC d:8 4 8 di§p \ 2
relative d:16 5 8 8 i 0 disp 3
Program-counter BVS d:8 4 9 di§p ‘ 2
relative d:16 5 8 9 i O disp 3
Program-counter BPL d:8 4 A disp ‘ 2
relative d:16 5 8 A0 disp 3
Program-counter BMI d:8 4 B disp ‘ 2
relative d:16 5 8 B 0 disp 3
Program-counter BGE d:8 4 C di§p \ 2
relative d:16 5 8 cC i 0 disp 3
Program-counter BLT d:8 4 D disp ‘ 2
relative d:16 5 8 D {0 disp 3
Program-counter BGT d:8 4 E disp ‘ 2
relative d:16 5 8 E {0 disp 3
Program-counter BLE d:8 4 F di_sp ‘ 2
relative d:16 5 8 F {0 disp 3
Notes

1. The branch destination address must be even.

2. In machinelanguage BRA, BRN, BCC, and BCS areidentical to BT, BF, BHS, and BLO,
respectively.
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228 BCLR

BCLR (Bit CLeaR) Bit Clear
Operation Condition Code

0- (<bit No.> of <EAd>) | U H UN Z V C

Assembly-L anguage For mat H: Previous value remains unchanged.

BCLR #xx:3, <EAd> N: Prev!ous value remains unchanged.

BCLR Rn. <EAd> Z: Previous vaue remains unchanged.
' V: Previous value remains unchanged.

C: Previous value remains unchanged.

Operand Size

Byte

Description

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

Specified by #xx:3 or Rn

BitNo. 7 | 0
| T T 1

<EAd> —»

O —b

Available Registers

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

Rn: ROL to R7L, ROH to R7H
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BCLR (Bit CLeaR)
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229 BIAND

BIAND (Bit Invert AND) Bit Logical AND
Operation Condition Code

C O[~ (<bit No.> of <EAd>)] - C | UU H UN Z V C

— === ===t

BI AND #xx:3, <EAd> N: Prev! ousvalue rema! ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Storestheresult of the operation.

Operand Size

Byte

Description

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

Specified by #xx:3

Bit No. 7 ¢ 0
<EAd> > \ | \ \ \
$ Invert
c U — c

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: EROto ER7
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BIAND (Bit Invert AND)
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2210 BILD

BILD (Bit Invert LoaD) Bit Load
Operation Condition Code

- (<bit No.> of <EAd>) - C | U H UN Z V C

— === ===t

BI LD #xx:3, <EAd> N: Prev!ous value rema! ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Loaded with the inverse of the specified
Operand Size bit.
Byte
Description

Thisinstruction loads the inverse of a specified bit from the destination operand into the carry
flag. The bit number is specified by 3-bit immediate data. The destination operand contents
remain unchanged.

Specified by #xx:3

BitNo. 7 ' 0
| ] |

1 Invert —» C

<EAd> —»]

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: EROto ER7
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BILD (Bit Invert LoaD)
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2211 BIOR

BIOR (Bit Invert inclusive OR) Bit Logical OR
Operation Condition Code

C O[~ (<bit No.> of <EAd>)] - C | UU H UN Z V C

— === ===t

Bl OR #xx:3, <EAd> N: Prev! ousvalue rema! ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Storestheresult of the operation.

Operand Size

Byte

Description

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

Specified by #xx:3

BitNo. 7 i 0
<EAd> — | —ﬁ‘ | |
Invert
C O — Cc

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: EROto ER7
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BIOR (Bit Invert inclusive OR)

[enuew 8. fempiey JS|[|0JU0J0I0 1L 1UeAS 91 8U) 0] Jo a1 ‘abue) Ssaode 9T 2e®)/322®) aU) Jo-

S910N

"<py3> puelado uoneunsap ayl Jo spow Buissaippe ayl s spow Buissaippe a8yl x 810N

sqe 8@ ‘SXX ssalppe

S 0 WNIT| ¥ L q 0 e | vio9 |z exx#| dolg oIn0SqY

sqe 8@ ‘SXX ssalppe

14 0 WNLT| ¥ L q 0 T | Vv i 9 |9 exXx#|  dolg aInjoSay

sqe ee®) 'EXX ssalppe

€ 0 W_zs__mﬁ 4 A q 3 L |8 €XX# | dolg anjosqy

. . e R 109.1pUl

€ 0 W_\‘_\,__MH v oL 0 P Wo D 1/ | pYA® ‘e | dolg Jo1siBoy

e ok 1aup

1 PLOWNIT) v L pY ‘g0 yolg JoisiBoy
sojeig| Maug | akgui | akquig | a1kquig | elkquw | o1kqpig | BlAg puz | @1kqisT LOPON

. spuelsadQ | dlUOWSUN
40 °ON Jewlo uoidNISU| Buissalppy

uoIN2eX3 10} paJinbay Sa1e1s Jo ,equinN pue Tew o pueodO

Rev. 4.00 Feb 24, 2006 page 69 of 322

REJ09B0139-0400

RENESAS



Section 2 Instruction Descriptions

2212 BIST

BIST (Bit Invert STore)

Bit Store

Operation Condition Code

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

Ul

H UN Z VvV C

BI ST #xx:3, <EAd> N: Prev! ousvalue rema! ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Byte

Description

Thisinstruction stores the inverse of the carry flag in a specified bit location in the destination
operand. The bit number is specified by 3-bit immediate data. Other bitsin the destination operand

remain unchanged.

Specified by #xx:3
Bit No. 7

<EAd> —»|

V\

C — Invert

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: EROto ER7
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2213 BIXOR

BIXOR (Bit Invert eXclusive OR) Bit Exclusive Logical OR
Operation Condition Code

C 0O [~ (<bit No.> of <EAd>)] - C | UU H UN Z V C

— === ===t

BI XOR #xx:3, <EAd> N: Prev! ousvalue rema! ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Storestheresult of the operation.

Operand Size

Byte

Description

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

Specified by #xx:3

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

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: EROto ER7
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BIXOR (Bit Invert eXclusive OR)
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2214 BLD

BLD (Bit LoaD) Bit Load
Operation Condition Code

(<Bit No.> of <EAd>) - C | U H UN Z V C

— === ===t

Assembly-L anguage For mat H: Previous value remains unchanged.

BLD #xx:3, <EAd> N: Prev! ousvalue rema! ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Loaded from the specified hit.

Operand Size

Byte

Description

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

Specified by #xx:3

BitNo. 7 ! 0
| ] |

<EAd> —»

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: EROto ER7
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BLD (Bit LoaD)
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2215 BNOT

BNOT (Bit NOT) Bit NOT
Operation Condition Code

- (<hit No.> of <EAd>) - (bit No. of | UU H UN Z V C
<EAd>)

Assembly-L anguage For mat H: Previous value remains unchanged.

BNOT #xx:3, <EAd> N: Prev!ous value remains unchanged.

BNOT Rn. <EAd> Z: Previous vaue remains unchanged.
' V: Previous value remains unchanged.

C: Previous value remains unchanged.

Operand Size

Byte

Description

Thisinstruction inverts a specified bit in the destination operand. The bit number is specified by 3-
bit immediate data or by the lower 3 bits of an 8-bit register Rn. The specified bit is not tested.
The condition code remains unchanged.

Specified by #xx:3 or Rn

BitNo. 7 ! 0
| T T 1

ZETAN

<EAd> —»

Available Registers

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

Rn: ROL to R7L, ROH to R7H

Rev. 4.00 Feb 24, 2006 page 76 of 322
REJ09B0139-0400

RENESAS



Instruction Descriptions

Section 2

Bit NOT

BNOT (Bit NOT)
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Section 2 Instruction Descriptions

2216 BOR

BOR (Bit inclusive OR) Bit Logical OR
Operation Condition Code

cOo (<bit No.> of <EAd>) - C | U H UN Z V C

— === ===t

BOR #xx:3, <EAd> N: Prev!ous value rema! ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Storestheresult of the operation.

Operand Size

Byte

Description

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

Specified by #xx:3

BitNo. 7 ' 0
| ] |

<EAd> —»

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: EROto ER7
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Instruction Descriptions

Section 2

Bit Logical OR

BOR (Bit inclusive OR)
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Section 2 Instruction Descriptions

2217 BSET

BSET (Bit SET) Bit Set
Operation Condition Code

1- (<bit No.> of <EAd>) | U H UN Z V C

BSET #xx:3, <EAd> N: Prev!ous value rema! ns unchanged.
BSET Rn. <EAd> Z: Previous value remains unchanged.
' V: Previous value remains unchanged.
C: Previous value remains unchanged.
Operand Size
Byte
Description

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

Specified by #xx:3 or Rn

BitNo. 7 ! 0
| T T 1

<EAd> —»

>

Available Registers
Rd: ROL to R7L, ROH to R7H

ERd: EROto ER7
Rn: ROL to R7L, ROH to R7H
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Instruction Descriptions

Section 2

Bit Set

BSET (Bit SET)
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Section 2 Instruction Descriptions

2218 BSR

BSR (Branch to SubRoutine) Branch to Subroutine

Operation Condition Code

PC . @-SP | U HUN Z V C

PC +disp - PC T T T 1T T1T_1T_

BSR di N: Previous value remains unchanged.

® Z: Previous value remains unchanged.

V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Description

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

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of States
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | Normal |Advanced
Program-counter BSR d:8 515 disp 3 4
relative d:16 5{clo}jo disp 4 5
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Section 2 Instruction Descriptions

BSR (Branch to SubRoutine) Branch to Subroutine

Notes

The stack structure differs between normal mode and advanced mode. In normal mode only the
lower 16 hits of the program counter are pushed onto the stack.

Ensure that the branch destination addressis even.

N
TN Reserved
T T ] T T
PC ! ! ‘ I/ PC | | ‘ —__
23 16 15 87 0 23 16 15 87 0
Normal mode Advanced mode
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Section 2 Instruction Descriptions

2219 BST

BST (Bit STore) Bit Store
Operation Condition Code

C - (<bit No.> of <EAd>) | UU H UN Z V C

BST #xx:3, <EAd> N: Prev!ous value rema! ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Byte

Description

Thisinstruction stores the carry flag in a specified bit location in the destination operand. The bit
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: EROto ER7
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Instruction Descriptions

Section 2

Bit Store

BST (Bit STore)
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Section 2 Instruction Descriptions

2220 BTST

BTST (Bit TeST) Bit Test

Operation Condition Code

- (<Bit No.> of <EAd>) - Z | U HUN Z V C
e = = =] s =] =

Assembly-L anguage For mat H: Previous value remains unchanged.

N: Previous value remains unchanged.

Z: Setto 1if the specified bit is zero;
otherwise cleared to 0.

V: Previous value remains unchanged.

Operand Size C: Previous value remains unchanged.

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

Byte

Description

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

Specified by #xx:3 or Rn

Bit No. 7 L 0
<EAd> _» \ \ \ \ \
Test

Available Registers

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

Rn: ROL to R7L, ROH to R7H
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Instruction Descriptions

Section 2

Bit Test

BTST (Bit TeST)
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Section 2 Instruction Descriptions

2221 BXOR

BXOR (Bit eXclusive OR) Bit Exclusive Logical OR
Operation Condition Code

cOo (<bit No.> of <EAd>) - C | U H UN Z V C

— === ===t

BXOR #xx:3, <EAd> N: Prev!ous value rema! ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Storestheresult of the operation.

Operand Size

Byte

Description

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

Specified by #xx:3

BitNo. 7 i 0
ceads o | ] |
c O — c

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: EROto ER7
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Instruction Descriptions

Section 2

Bit Exclusive Logical OR

BXOR (Bit eXclusive OR)
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Section 2 Instruction Descriptions

2222 CLRMAC

CLRMAC (CLeaR MAC register) Initialize Multiply-Accumulate Register
Operation Condition Code
0 -~ MACH, MACL | U HUN Z V C

N: Previous value remains unchanged.
CLRVMAC Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.
Operand Size
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 . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
— CLRMAC — 0 i1 A i o0 2%

Note: * A maximum of three additional states are required for execution of this instruction within three states
after execution of a MAC instruction. For example, if there is a one-state instruction (such as NOP)
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 relevant
microcontroller hardware manual of the product in question.

Notes
Execution of thisinstruction also clears the overflow flag in the multiplier to O.
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Section 2 Instruction Descriptions

2223(1) CMP (B)

CMP (CoMPare)

Compare

Operation

Rd — (EAS), set/clear CCR

Condition Code

Il UU HUN Z V C
— |t =TT

Assembly-L anguage For mat

CMP. B <EAs>, Rd

H: Setto1if thereisaborrow at bit 3;
otherwise cleared to 0.

N: Setto1if theresult is negative; otherwise
cleared to 0.

Z: Settolif theresult is zero; otherwise

Operand Size

Byte

cleared to 0.

V: Setto1if an overflow occurs; otherwise
cleared to 0.

C. Settolif thereisaborrow at bit 7;
otherwise cleared to 0.

Description

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

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 No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Immediate CMP.B #xx:8, Rd A rd IMM 1
Register direct CMP.B Rs, Rd 1 C rs rd 1

Notes
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Section 2 Instruction Descriptions

2223(2) CMP (W)

CMP (CoMPare) Compare
Operation Condition Code
— = =]ttt

otherwise cleared to 0.
N: Setto 1 if theresult is negative; otherwise

CMP. W <EAs>, Rd

cleared to O.

Z: Setto 1if theresult iszero; otherwise

Operand Size cleared to 0.

Wi
ord cleared to 0.

V: Setto 1if an overflow occurs; otherwise

C: Settolif thereisaborrow at bit 15;
otherwise cleared to 0.

Description

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

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

Addressing . Instruction Format No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte ‘ 4th byte | States
Immediate CMP.W | #xx:16, Rd 7 9 2 rd IMM 2
Register direct CMP.W Rs, Rd 1 D rs rd ‘ 1
Notes
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Section 2 Instruction Descriptions

2223(3) CMP(L)

CMP (CoMPare)

Compare

Operation

ERd — (EAS), set/clear CCR

Condition Code

Il UU HUN Z V C

— =]

!

! ! !

otherwise cleared to 0.
CMP. L <EAs>, ERd . . . .
N: Setto1if theresult is negative; otherwise
cleared to O.
Z: Setto 1if theresult iszero; otherwise
Operand Size cleared 10 0.
V: Setto 1if an overflow occurs; otherwise
Longword
cleared to 0.
C: Settolif thereisaborrow at bit 31;
otherwise cleared to 0.
Description

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

contents of the 32-bit register ERd remain unchanged.

Available Registers

ERd: EROto ER7
ERs: EROto ER7

Operand Format and Number of States Required for Execution

Instruction Format

Addressing . No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte ’ 5th byte ‘ 6th byte | States
Immediate CMP.L |#xx:32, ERd| 7 A 2 |Olerd IMM 3
Register direct CMP.L ERs, ERd 1 F 1§ers Oierd ‘ ‘ ‘ 1

Notes
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Section 2 Instruction Descriptions

2224 DAA
DAA (Decimal Adjust Add) Decimal Adjust
Operation Condition Code
— = * =]t *] e
DAA Rd N: Setto1if the adjusted result is negative;

otherwise cleared to 0.
Z: Setto lif the adjusted result is zero;
otherwise cleared to O.
Operand Size V: Undetermined (no guaranteed value).
C. Settolif thereisacarry at bit 7;
otherwise left unchanged.

Byte

Description

Given that the result of an addition operation performed by an ADD.B or ADDX instruction on
4-bit BCD datais contained in an 8-bit register Rd and the carry and half-carry flags, the DAA
instruction adjusts the contents of the 8-bit register Rd (destination operand) by adding H'00, H'06,
H'60, or H'66 according to the table below.

C Flag Upper 4 Bits H Flag Lower 4 Bits Value C Flag
before before before before Added after
Adjustment | Adjustment | Adjustment | Adjustment |(Hexadecimal)| Adjustment
0 0to9 0 Oto9 00 0
0 Oto8 0 AtoF 06 0
0 0to9 1 Oto3 06 0
0 AtoF 0 Oto9 60 1
0 9toF 0 AtoF 66 1
0 AtoF 1 0to3 66 1
1 Oto2 0 0to9 60 1
1 Oto2 0 AtoF 66 1
1 0to3 1 Oto3 66 1
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Section 2 Instruction Descriptions

DAA (Decimal Adjust Add) Decimal Adjust
Available Registers
Rd: ROL to R7L, ROH to R7H
Operand Format and Number of States Required for Execution
Addressing . Instruction Format No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct DAA Rd 0 | F 0 | rd 1

Notes

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

RENESAS
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Section 2 Instruction Descriptions

2225 DAS
DAS (Decimal Adjust Subtract) Decimal Adjust
Operation Condition Code
— | — | * =]t t|*0
DAS Rd N: Setto1if the adjusted result is negative;

otherwise cleared to 0.
Z: Setto lif the adjusted result is zero;
otherwise cleared to O.
Operand Size V: Undetermined (no guaranteed value).
C: Previous value remains unchanged.

Byte

Description

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

C Flag Upper 4 Bits H Flag Lower 4 Bits Value C Flag
before before before before Added after
Adjustment | Adjustment | Adjustment | Adjustment |(Hexadecimal)| Adjustment
0 Oto9 0 0to9 00 0
0 Oto 8 1 6toF FA 0
1 7to0F 0 0to9 A0 1
1 6toF 1 6toF 9A 1

Available Registers
Rd: ROL to R7L, ROH to R7H
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Section 2

Instruction Descriptions

DAS (Decimal Adjust Subtract)

Decimal Adjust

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct DAS Rd 1 F 0 rd 1

Notes

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

RENESAS

Rev. 4.00 Feb 24, 2006 page 97 of 322

REJ09B0139-0400



Section 2 Instruction Descriptions

2.2.26(1) DEC (B)

DEC (DECrement) Decrement
Operation Condition Code
Rd—1 - Rd | U HUN Z V C
— | — ==t || —
DEC. B Rd N: Setto 1 if theresult is negative; otherwise
cleared to 0.
Z: Setto 1if theresult iszero; otherwise
cleared to O.
Operand Size V: Setto 1if anoverflow occurs; otherwise
Bvte cleared to 0.
y C: Previous value remains unchanged.
Description

Thisinstruction decrements an 8-hit register Rd (destination operand) and stores the result in the

8-hit register Rd.

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct DEC.B Rd 1 A 0 rd 1
Notes

An overflow is caused by the operation H'80 -1 - H'7F.
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Section 2 Instruction Descriptions

2.2.26(2) DEC (W)

DEC (DECrement) Decrement
Operation Condition Code
Rd—1 - Rd | U HUN Z V C
Rd-2 - Rd
B — — e —
DEC. W #1, Rd N: zeteatroedl;; tohe result is negative; otherwise
DEC. W #2, Rd o . .
Z: Setto 1if theresult iszero; otherwise
cleared to O.
Operand Size V: Setto 1if anoverflow occurs; otherwise
cleared to 0.
Word

C: Previous value remains unchanged.

Description

Thisinstruction subtracts the immediate value 1 or 2 from the contents of a 16-bit register Rd
(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 No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct DEC.W #1, Rd 1 B 5 rd 1
Register direct DEC.W #2, Rd 1 B D rd 1
Notes

An overflow is caused by the operations H'8000 — 1 — H'7FFF, H'8000 —2 - H'7FFE, and
H'8001 -2 - H'7FFF.
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2.2.26(3) DEC (L)

DEC (DECrement) Decrement
Operation Condition Code
ERd-1 - ERd | U HUNZV C
ERd-2 - ERd
— | — ==t ]|t |—
N: Setto 1 if theresult is negative; otherwise

DEC. L #1, ERd

cleared to 0.
DEC. L #2, ERd Z: Setto lif theresultiszero; otherwise
cleared to 0.
Operand Size V: Setto 1if an overflow occurs; otherwise
Longword c ear.ed 0. .
C: Previous value remains unchanged.
Description

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

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct DEC.L #1, ERd 1 B 7 |Oferd 1
Register direct DEC.L #2, ERd 1 B F 10jerd 1
Notes

An overflow is caused by the operations H'80000000 — 1 — H'7FFFFFFF, H'80000000 — 2 —
H'7FFFFFFE, and H'80000001 — 2 — H'7FFFFFFF.
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2.227(1) DIVXS(B)

DIVXS (DIVide eXtend as Signed) Divide Signed
Operation Condition Code
Rd+Rs - Rd | U HUN Z V C

—_ | — | — | — t | — | —

N: Setto1if the quotient is negative;
otherwise cleared to 0.
Z: Setto lif thedivisor iszero; otherwise

Dl VXS. B Rs, Rd

cleared to O.
Operand Size V: Previous value remains unchanged.
C: Previous value remains unchanged.
Byte
Description

Thisinstruction divides the contents of a 16-bit register Rd (destination operand) by the contents
of an 8-bit register Rs (source operand) and stores the result in the 16-bit register Rd. The division
is signed. The operation performed is 16 bits + 8 bits — 8-bit quotient and 8-bit remainder. The
quotient is placed in the lower 8 bits of Rd. The remainder is placed in the upper 8 bits of Rd. The
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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Instruction Descriptions

DIVXS (DIVide eXtend as Signed) Divide Signed
Operand Format and Number of States Required for Execution
Addressing ) Instruction Format No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct DIVXS.B | Rs,Rd 0oi1|DbDio|s5i1|rmsid 13

Notes

The N flag isset to 1 if the dividend and divisor have different signs, and cleared to O if they have

the same sign. The N flag may therefore be set to 1 when the quotient is zero.
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2.2.27(2) DIVXS(W)

DIVXS (DIVide eXtend as Signed) Divide Signed
Operation Condition Code
_ | — | — | —] 3 P | — | —

N: Setto1if the quotient is negative;
otherwise cleared to 0.
Z: Setto lif thedivisor iszero; otherwise

Dl VXS. W Rs, ERd

cleared to O.
Operand Size V: Previous value remains unchanged.
C: Previous value remains unchanged.
Word
Description

Thisinstruction divides the contents of a 32-bit register ERd (destination operand) by the contents
of a 16-bit register Rs (source operand) and stores the result in the 32-bit register ERd. The
division is signed. The operation performed is 32 bits + 16 bits - 16-bit quotient and 16-bit
remainder. The quotient is placed in the lower 16 bits (Rd) of the 32-bit register ERd. The
remainder is placed in the upper 16 bits (Ed). The sign of the remainder matches the sign of 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: EROto ER7
Rs: ROtoR7,EOtoE7
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Instruction Descriptions

DIVXS (DIVide eXtend as Signed) Divide Signed
Operand Format and Number of States Required for Execution
Addressing ) Instruction Format No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct | DIVXSW | Rs,ERd | 0 { 1 | D i 0 | 5 | 3 | rs ioierd| 21

Notes

The N flag isset to 1 if the dividend and divisor have different signs, and cleared to O if they have

the same sign. The N flag may therefore be set to 1 when the quotient is zero.
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2.2.28(1) DIVXU (B)

DIVXU (DIVide eXtend as Unsigned) Divide
Operation Condition Code
Rd+Rs - Rd | U HUN Z V C

—_ | — | — | — t | — | —

N: Setto1if thedivisor isnegative;
otherwise cleared to 0.
Z: Setto lif thedivisor iszero; otherwise

Dl VXU. B Rs, Rd

cleared to O.
Operand Size V: Previous value remains unchanged.
C: Previous value remains unchanged.
Byte
Description

Thisinstruction divides the contents of a 16-bit register Rd (destination operand) by the contents
of an 8-bit register Rs (source operand) and stores the result in the 16-bit register Rd. The division
is unsigned. The operation performed is 16 bits + 8 bits — 8-bit quotient and 8-bit remainder. The
quotient is placed in the lower 8 bits of Rd. The remainder is placed in the upper 8 hits of Rd.

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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DIVXU (DIVide eXtend as Unsigned) Divide
Operand Format and Number of States Required for Execution
Addressing ) Instruction Format No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct DIVXU.B | Rs,Rd 5 i1 | rs i 12

Notes
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2.2.28(2) DIVXU (W)

DIVXU (DIVide eXtend as Unsigned) Divide
Operation Condition Code
ERd+Rs - ERd | U HUN Z V C

—_ | — | — | — t | — | —

N: Setto1if thedivisor isnegative;
otherwise cleared to 0.
Z: Setto lif thedivisor iszero; otherwise

Dl VXU. W Rs, ERd

cleared to O.
Operand Size V: Previous value remains unchanged.
C: Previous value remains unchanged.
Word
Description

Thisinstruction divides the contents of a 32-bit register ERd (destination operand) by the contents
of a16-bit register Rs (source register) and stores the result in the 32-bit register ERd. The
division isunsigned. The operation performed is 32 bits + 16 bits - 16-bit quotient and 16-bit
remainder. The quotient is placed in the lower 16 bits (Rd) of the 32-bit register ERd. The
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,EOQtoE7
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DIVXU (DIVide eXtend as Unsigned) Divide
Operand Format and Number of States Required for Execution
Addressing ) Instruction Format No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct | DIVXUW | Rs,ERd | 5 { 3 | rs i0ierd 20

Notes
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2.229(1) EEPMOV (B)

EEPMOV (MOVedatato EEPROM) Block Data Transfer
Operation Condition Code
repeat @ER5+ - @ER6+ T T T _ 1T T1T_1T_
RAL -1 - R4L
til R4L = . .
elssnn;xt' 0 H: Previous value remains unchanged.
' N: Previous value remains unchanged.
Assembly-L anguage For mat Z: Previous value remains unchanged.
V: Previous value remains unchanged.
EEPMOV. B . A
C: Previous value remains unchanged.
Operand Size
Description

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

When the EEPMOV .B ingtruction ends, R4L contains 0 (zero), and ER5 and ER6 contain the last
transfer address + 1.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands

Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States

— EEPMOV.B 7iB|5iCc|5i9 ]| 81iF |4+

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

Notes

Thisinstruction first reads the memory locations indicated by ER5 and ERG6, then carries out the
block datatransfer.
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2.2.29(2) EEPMOV (W)

EEPMOV (MOVedatato EEPROM) Block Data Transfer
Operation Condition Code
repeat @ER5+ - @ER6+ T T T 1T T1T_1T_
R4-1- R4
til R4 = . .
elssnn;xt' 0 H: Previous value remains unchanged.
' N: Previous value remains unchanged.
Assembly-L anguage For mat Z: Previous value remains unchanged.
V: Previous value remains unchanged.
EEPMOV. W . A
C: Previous value remains unchanged.
Operand Size
Description

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

If no interrupt occurs while the EEPMOV.W instruction is executing, when the EEPMOV.W
instruction ends, R4 contains 0 (zero), and ER5 and ER6 contain the last transfer address + 1.

If an interrupt occurs, interrupt exception handling begins after the current byte has been
transferred. R4 indicates the number of bytes remaining to be transferred. ER5 and ER6 indicate
the next transfer addresses. The program counter value pushed onto the stack in interrupt
exception handling is the address of the next instruction after the EEPMOV.W instruction.

See the note on EEPMOV.W instruction and interrupt.

Rev. 4.00 Feb 24, 2006 page 110 of 322
REJ09B0139-0400
RENESAS



Section 2 Instruction Descriptions

EEPMOV (MOVedatato EEPROM)

Block Data Transfer

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands

Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States

— EEPMOV.W 7 iB | Di{4|5i9/|81iF | 4+2n

Note: * nis the initial value of R4. Although n bytes of data are transferred, 2(n + 1) data accesses are
performed, requiring 2(n + 1) states. (=0, 1, 2, ..., 65535).

Notes

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

EEPMOV.W Instruction and I nterrupt

If an interrupt request occurs while the EEPMOV.W instruction is being executed, interrupt
exception handling is carried out after the current byte has been transferred. Register contents are

then as follows:

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 address of
the next instruction after the EEPMOV.W instruction. Programs should be coded as follows to
allow for interrupts during execution of the EEPMOV.W instruction.

Example:

L1: EEPMOV. W
MOV. W
BNE

R4, R4
L1

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

During execution of the EEPMOV .B instruction no interrupts are accepted, including NMI.
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2230(1) EXTS(W)

EXTS (EXTend as Signed)

Sign Extension

Operation
(<Bit 7> of Rd) - (<hits 15 to 8> of Rd)

Assembly-L anguage For mat

Condition Code

I U H UN Z V C
— | —|—=|—=]t]t]0]|—

Previous value remains unchanged.

EXTS. WRd Set to 1if theresult is negative; otherwise
cleared to O.
Set to 1 if the result is zero; otherwise

: cleared to O.
Operand Size
P z Always cleared to O.
Word Previous value remains unchanged.
Description

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

Rd

Bit 15 7 0

Rd
Bit 15 7
| Don't care
8 bits T 8 bits
Sign bit

| — |Sign extension | |

8 hits 8 bits

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 2nd byte | 3rd byte | 4thbyte | States
Register direct EXTS.W Rd D | rd 1
Notes
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2230(2) EXTS(L)

EXTS (EXTend as Signed) Sign Extension

Operation Condition Code

(<Bit 15> of ERd) - (<bits 31 to 16> of ERd) | U H U N Z V C
—|—| ==t t|0|—

Assembly-L anguage For mat H: Previous value remains unchanged.

EXTS. L ERd N: Setto 1 if theresult is negative; otherwise
cleared to O.

Z: Settolif theresultiszero; otherwise
: cleared to O.
O dS
perand size V: Alwayscleared to 0.
Longword C: Previous value remains unchanged.
Description

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

ERd ERd
Bit 31 15 0 Bit 31 15 0
| Don't care | — | Sign extension
16 bits T 16 bits 16 bits 16 bits
Sign bit

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct EXTS.L ERd 1 {7 | F ioierd 1
Notes
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2231(1) EXTU (W)

EXTU (EXTend as Unsigned) Zero Extension
Operation Condition Code
0- (<bitS 15t0 8> of Rd) I U H UN Z V C
—|—|—]|—]0| t|0|—
Assembly-L anguage For mat H: Previous value remains unchanged.
EXTU. W Rd N: Alwaysclearedto 0.
Z: Settolif theresultis zero; otherwise
cleared to O.
: V: Alwayscleared to 0.
Operand Size . .
P ? C: Previous value remains unchanged.
Word
Description

Thisinstruction extends the lower 8 bitsin a 16-bit register Rd to word data by padding with
zeros. That is, it clears the upper 8 bits of Rd (bits 15 to 8) to O.

Rd Rd
Bit 15 7 0 Bit 15 7 0
Don'tcare | | — | 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 No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct EXTU.W Rd 147 5 ird 1
Notes
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2231(2) EXTU (L)

EXTU (EXTend as Unsigned) Zero Extension
Operation Condition Code
0- (<bitS 31to 16> of ERd) | U H UN Z V C
—|—|—]—]0| t|0|—
Assembly-L anguage For mat H: Previous value remains unchanged.
EXTU. L ERd N: Alwaysclearedto 0.
Z: Setto lif theresultis zero; otherwise
cleared to O.
: V: Alwayscleared to 0.
Operand Size . .
P z C: Previous value remains unchanged.
Longword
Description

Thisinstruction extends the lower 16 bits (general register Rd) in a 32-bit register ERd to
longword data by padding with zeros. That is, it clears the upper 16 bits of ERd (bits 31 to 16) to

0.
ERd ERd

Bit 31 15 0 Bit 31 15 0

Don'’t care : | — |Zero extension | |

16 bits 16 bits 16 bits 16 bits

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct EXTU.L ERd 1 {7 | 7 ioied 1
Notes
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2.2.32(1) INC (B)

INC (INCrement) Increment
Operation Condition Code
Rd+1 - Rd | U HUN Z V C
— | — ==t || —
INC B Rd N: Setto 1 if theresult is negative; otherwise
cleared to 0.
Z: Setto 1if theresult iszero; otherwise
cleared to O.
Operand Size V: Setto 1if anoverflow occurs; otherwise
Bvte cleared to 0.
y C: Previous value remains unchanged.
Description

Thisinstruction increments an 8-bit register Rd (destination operand) and stores the result in the

8-hit register Rd.

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct INC.B Rd 0 A 0 rd 1
Notes

An overflow is caused by the operation H'7F + 1 - H'80.
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22.32(2) INC (W)

INC (INCrement) Increment
Operation Condition Code
Rd+1 - Rd | U HUN Z V C
Rd+2 - Rd
B — — e —
| NC. W #1, Rd N: zeteatroedl;; tohe result is negative; otherwise
I NC. W #2, Rd o . .
Z: Setto 1if theresult iszero; otherwise
cleared to O.
Operand Size V: Setto 1if anoverflow occurs; otherwise
cleared to 0.
Word

C: Previous value remains unchanged.

Description

Thisinstruction adds the immediate value 1 or 2 to the contents of a 16-bit register Rd (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 No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct INC.W #1, Rd 0 B 5 rd 1
Register direct INC.W #2, Rd 0 B D rd 1
Notes

An overflow is caused by the operations H'7FFF + 1 - H'8000, H'7FFF + 2 - H'8001, and
H'7FFE + 2 — H'8000.
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2232(3) INC(L)

INC (INCrement) Increment
Operation Condition Code
ERd+2 - ERd
—_ == =]t | | —
INC. L #1 ERd N: zeteatroedl;; tohe result is negative; otherwise
INC. L #2, ERd o . .
Z: Setto 1if theresult iszero; otherwise
cleared to O.
Operand Size V: Setto 1if anoverflow occurs; otherwise
cleared to 0.
Longword

C: Previous value remains unchanged.

Description

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

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct INC.L #1, ERd 0 B 7 |Oferd 1
Register direct INC.L #2, ERd 0 B F i0jerd 1
Notes

An overflow is caused by the operations H'7FFFFFFF + 1 - H'80000000, H'7FFFFFFF + 2 —,
H'80000001, and H'7FFFFFFE + 2 - H'80000000.
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2233 JMP
JMP (JuMP) Unconditional Branch
Operation Condition Code

IMNP <EA> N: Prev! ousvalue rema! ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Description

This instruction 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. of States
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte Normal ‘ Advanced
Register indirect JMP @ERN 5 9 Ogemg 0 2
Absolute address JMP @aa:24 5 A abs 3
Memory indirect JMP @@aa:8 5 B abs ‘ ‘ 4 ‘ 5
Notes

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

Ensure that the branch destination addressis even.
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2234 JSR

JSR (Jump to SubRoutine) Jump to Subroutine
Operation Condition Code

PC . @-SP | U HUN Z V C

Effective address - PC

JSR <EA> N: Prev! ousvalue rema! ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Description

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

Available Registers
ERn: EROto ER7

Operand Format and Number of States Required for Execution

Addressing Instruction Format No. of States
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte Normal Advanced
Register indirect JSR @ERnN 5 D Ogerng 0 3 4
Absolute address JSR @aa:24 5 E abs 4 5
Memory indirect JSR @@aa:8 5 F abs ’ ‘ 4 6
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JSR (Jump to SubRoutine) Jump to Subroutine

Notes

The stack structure differs between normal mode and advanced mode. In normal mode only the
lower 16 hits of the program counter are pushed onto the stack.

Ensure that the branch destination addressis even.

N
N
Reserved
PC ! ; . PC : 1 | =
23 16 15 87 0 23 16 15 87 0
Normal mode Advanced mode
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2.235(1) LDC (B)

LDC (LoaD to Contral register)

Load CCR

Operation

<EAs> - CCR

Assembly-L anguage For mat

Con

dition Code
I UU H UN Z V C

! ! ! ! ! ! ! !

L oaded from the corresponding bit in the

source operand.
LDC. B <EAs>, CCR H: Loaded from the corresponding bit in the
source operand.
N: Loaded from the corresponding bit in the
Operand Size source operand.
Byte Z: Loaded from the corresponding bit in the
source operand.
V: Loaded from the corresponding bit in the
source operand.
C: Loaded from the corresponding bit in the
source operand.
Description

Thisinstruction loads the source operand contents into the condition-code register (CCR).

No interrupt requests, including NM1, are accepted immediately after execution of this instruction.

Available Registers
Rs. ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Immediate LDC.B #xx:8, CCR| O 7 IMM 1
Register direct LDC.B Rs, CCR 0 3 0 irs 1

Notes
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2235(2) LDC (B)

LDC (LoaD to Contral register) Load EXR
Operation Condition Code
<BAs> - EXR | U HUNZV C

LDC. B <EAs>, EXR N: Prev!ous value rema! ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Byte

Description

This instruction loads the source operand contents into the extended control register (EXR).

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

Available Registers
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate LDC.B #xx:8, EXR| O 1 4 1 0 7 IMM 2
Register direct LDC.B Rs, EXR 0 3 1 rs 1
Notes
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Section 2 Instruction Descriptions

2.2.35(3) LDC (W)

LDC (LoaD to Contral register) Load CCR
Operation Condition Code
(EAs) » CCR I U HUN Z V C
O I T T B
Assembly-L anguage For mat I:  Loaded from the corresponding bit in the
source operand.
. W< o
LDC. W <EAs>, CCR H: Loaded from the corresponding bit in the
source operand.
N: Loaded from the corresponding bit in the
Operand Size source operand.
Z: Loaded from the corresponding bit in the
Word
source operand.
V: Loaded from the corresponding bit in the
source operand.
C: Loaded from the corresponding bit in the
source operand.
Description

Thisinstruction loads the source operand contents into the condition-code register (CCR).
Although CCR is a byte register, the source operand is word size. The contents of the even address
areloaded into CCR.

No interrupt requests, including NM1, are accepted immediately after execution of this instruction.

Available Registers
ERs. EROto ER7
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Section 2

Load CCR

LDC (LoaD to Contral register)
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Section 2 Instruction Descriptions

2.2.35(4) LDC (W)

LDC (LoaD to Contral register)

Load EXR

Operation Condition Code

(EA9) - EXR |

Ul

H UN Z VvV C

LDC. W <EAs>, EXR N: Prev!ous value rema! ns unchanged.
Z: Previous vaue remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Word

Description

This instruction loads the source operand contents into the extended control register (EXR).

Although EXR is a byte register, the source operand is word size. The contents of the even address

are loaded into EXR.

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

instruction.

Available Registers
ERs. EROto ER7
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Instruction Descriptions

Section 2

Load EXR

LDC (LoaD to Contral register)
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Section 2 Instruction Descriptions

2236 LDM

LDM (LoaD to Multipleregisters)

Restore Data from Stack

Operation
@SP+ - ERn (register list)

Condition Code

Ul

H UN Z VvV C

. . N: Previous value remains unchanged.
+ < >

LDM L @SP+, <register lis Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Longword

Description

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

Two, three, or four registers can be restored by one LDM instruction. The following ranges can be

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: ERO to ER7
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Section 2 Instruction Descriptions

LDM (LoaD to Multipleregisters) Restore Data from Stack

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte States
@SP+,
— . +
LDM.L (ERN-ERn+1) 0 1 1 0 6 D 7 Oiern+l 7
@SP+,
— . +
LDM.L (ERN-ERn+2) 0 1 2 0 6 D 7 Oiern+2 9
— LDM.L @sP+, 0 1 3 0 6 D 7 Oiern+3 11

(ERn-ERnN+3)

Notes
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Section 2 Instruction Descriptions

2.2.37 LDMAC

LDMAC (LoaD to MAC register)

Load MAC Register

Operation

ERs -~ MACH
or
ERs -~ MACL

Condition Code
I UU H UN Z V C

Assembly-L anguage For mat H: Previous value remains unchanged.
. N: Previous value remains unchanged.
LDMAC ERs, MAC register Z: Previous vaue remains unchanged.
V: Previous value remains unchanged.
Operand Size C: Previous value remains unchanged.
Longword
Description

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

transferred.

Supported only by the H8S/2600 CPU.

Available Registers
ERs. EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Register direct LDMAC |ERs, MACH| O 3 2 iOiers 2*
Register direct LDMAC |ERs,MACL| O 3 3 iOiers 2*

Note: * A maximum of three additional states are required for execution of this instruction within three states
after execution of a MAC instruction. For example, if there is a one-state instruction (such as NOP)
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 relevant
microcontroller hardware manual of the product in question.

Notes

Execution of thisinstruction clears the overflow flag in the multiplier to 0.
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Section 2 Instruction Descriptions

2238 MAC

MAC (Multiply and ACcumulate) Multiply and Accumulate
Operation Condition Code

MAC register A <]

ERn +2 - ERn
ERm +2 - ERm

H: Previous value remains unchanged.
MAC @ERn+ @ERmM+ Z: Prev! ousvalue rema! ns unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.
Operand Size
Description

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

The operation can be carried out in saturating or non-saturating mode, depending on the MACS
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. The value of
bit 41 is copied into the upper 22 bits of MACH as a sign extension.

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

Thisinstruction is supported only by the H8S/2600 CPU.
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Section 2 Instruction Descriptions

MAC (Multiply and ACcumulate) Multiply and Accumulate
Operand Format and Number of States Required for Execution
i Instruction Format
Addressing Mnemonic | Operands No. of

Mode 1st byte 2nd byte 3rd byte 4th byte States
Register
indirect with mac | @ERnt o i 1 6 i o0 6 | D |oiemioiem| 4

. @ERmM+ H H H H | 1
post-lncrement ] |

Notes

1. Fags(N, Z, V) indicating the result of the MAC instruction can be set in the condition-code
register (CCR) by the STMAC instruction.

2. If ERn and ERm are the same register, the execution addresses are ERn and ERn + 2. After
execution, the value of ERnisERn + 4.

3. If MACSis moadified during execution of a MAC instruction, the result cannot be guaranteed.
It isessential to wait for at least three states after a MAC instruction before modifying MACS.

Further Explanation of Instructions Using Multiplier
1. Maodification of flags
The multiplier hasN-MULT, Z-MULT, and V-MULT flags that indicate the results of MAC

instructions. These flags are separated from the condition-code register (CCR). The values of
these flags can be set inthe N, Z, and V flags of the CCR only by the STMAC instruction.

N-MULT and Z-MULT are modified only by MAC instructions. V-MULT retains avalue
indicating whether an overflow has occurred in the past, until it is cleared by execution of the
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 execution of a
MAC instruction

Cleared when bit 31 of register MACL is cleared to 0 by execution
of a MAC instruction

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

Cleared when bit 41 of register MACH is cleared to 0 by execution
of a MAC instruction
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Section 2 Instruction Descriptions

MAC (Multiply and ACcumulate) Multiply and Accumulate

e Z-MULT (zeroflag)

Saturating mode

Set when register MACL is cleared to 0 by execution of a MAC
instruction

Cleared when register MACL is not cleared to 0 by execution of a
MAC instruction

Non-saturating mode

Set when registers MACH and MACL are both cleared to 0 by
execution of a MAC instruction

Cleared when register MACH or MACL is not cleared to 0 by
execution of a MAC instruction

e V-MULT (overflow flag)

Saturating mode

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

Cleared when a CLRMAC or LDMAC instruction is executed

Note: Not cleared when the result of the MAC instruction is within
the above range

Non-saturating mode

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

Cleared when a CLRMAC or LDMAC instruction is executed

Note: Not cleared when the result of the MAC instruction is within
the above range

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

MULXS).
2. Example

CLRMAC
MAC @R1+, @GR2+

MAC @ER1+, CER2+ [0 Overflow occurs

MAC @ERL+, CER2+ [0 Result=0

NOP

STMAC MACH, ER3
CLRVAC

STMAC MACH, ER3

<M CCR(N=0,Z=1,V=1)

~M CCR(N=0,Z=1,V=0)
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Section 2 Instruction Descriptions

2239(1) MOV (B)

MOV (MOVedata) Move
Operation Condition Code
Rs ~ Rd | U HUNZV C
— | —]— =]t ]t 0]|—
Assembly-L anguage For mat H: Previous value remains unchanged.
MOV, B Rs, Rd N: Setto 1 if the transferred data is negative;
otherwise cleared to 0.
Z: Settolif thetransferred datais zero;
otherwise cleared to 0.
C: Previous value remains unchanged.
Byte
Description

Thisinstruction transfers one byte of datafrom an 8-bit register Rsto an 8-bit register Rd, tests the

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 No. of
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct MOV.B Rs, Rd 0| cC rs | rd 1
Notes
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Section 2 Instruction Descriptions

2239(2) MOV (W)

MOV (MOVedata)

Move

Operation
Rs - Rd

Condition Code

Ul

H UN Z VvV C

0

t 0

Assembly-L anguage For mat

H: Previous value remains unchanged.
N: Setto 1 if thetransferred datais negative;

MOV. WRs, Rd otherwise cleared to 0.
Z: Setto lif thetransferred datais zero;
otherwise cleared to O.
Operand Size V: Alwayscleared to 0.
C: Previous value remains unchanged.
Word
Description

Thisinstruction transfers one word of datafrom a 16-bit register Rsto a 16-bit register Rd, tests
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 No. of
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct MOV.W Rs, Rd 0 | D rs | rd 1

Notes
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Section 2 Instruction Descriptions

2.239(3) MOV (L)

MOV (MOVedata) Move
Operation Condition Code
ERs - ERd | U HUN Z V C

— | —]— =]t ]t 0]|—

MOV. L ERs, ERd

otherwise cleared to 0.
Z: Setto lif thetransferred datais zero;
otherwise cleared to 0.

Operand Size V: Alwayscleared to 0.
C: Previous value remains unchanged.

Longword

N: Setto1if thetransferred datais negative;

Description

Thisinstruction transfers one word of datafrom a 32-bit register ERs to a 32-hit register ERd,
tests the transferred data, and sets condition-code flags according to the result.

Available Registers

ERd: EROto ER7
ERs: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct MOV.L ERs,ERd | 0 | F |liersiOferd 1
Notes
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2.239(4) MOV (B)

MOV (MOVedata) Move
Operation Condition Code
(EAS) ~ Rd | U HUNZV C

— | — ==t t]|0|—
Assembly-L anguage For mat H: Previous value remains unchanged.

N: Setto 1 if thetransferred datais negative;
otherwise cleared to 0.

Z: Setto lif thetransferred datais zero;
otherwise cleared to O.

Operand Size V: Alwayscleared to 0.

C: Previous value remains unchanged.

MOV. B <EAs>, Rd

Byte

Description

Thisinstruction transfers the source operand contents to an 8-hit register Rd, tests the transferred
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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Section 2

Move

MOV (MOVedata)
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Section 2 Instruction Descriptions

2.2.39(5) MOV (W)

MOV (MOVedata) Move
Operation Condition Code
(EAS) ~ Rd | U HUNZV C

— | — ==t t]|0|—
Assembly-L anguage For mat H: Previous value remains unchanged.

N: Setto 1 if thetransferred datais negative;
otherwise cleared to 0.

Z: Setto lif thetransferred datais zero;
otherwise cleared to O.

Operand Size V: Alwayscleared to 0.

Word C: Previous value remains unchanged.

MOV. W <EAs>, Rd

Description

Thisinstruction transfers the source operand contents to a 16-hit register Rd, tests the transferred
data, and sets condition-code flags according to the result.

Available Registers

Rd: ROtoR7,EOto E7
ERs: EROto ER7
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Instruction Descriptions

Section 2

Move

MOV (MOVedata)
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Section 2 Instruction Descriptions

2.2.39(6) MOV (L)

MOV (MOVedata)

Move

Operation
(EAs) - ERd

Condition Code

I U H UN Z V C
— | —|—=|=]t]t]0]|—

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

H: Previous value remains unchanged.

N: Setto 1 if thetransferred datais negative;
otherwise cleared to 0.

Z: Setto lif thetransferred datais zero;
otherwise cleared to O.

Operand Size V: Alwayscleared to 0.

C: Previous value remains unchanged.
Longword
Description

Thisinstruction transfers the source operand contents to a specified 32-bit register (ERd), tests the
transferred data, and sets condition-code flags according to the result. The first memory word
located at the effective address is stored in extended register Ed. The next word is stored in

general register Rd.

T~

MSB +— EA

ERd | Ed

R&H |  RdL |

Available Registers

ERs: EROto ER7
ERd: EROto ER7
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Section 2

Move

MOV (MOVedata)
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Section 2 Instruction Descriptions

2.2.39(7) MOV (B)

MOV (MOVedata) Move
Operation Condition Code
Rs - (EAd) | U HUN Z V C

— | — ] — =]t ]|t 0]|—

N: Setto 1 if thetransferred datais negative;
otherwise cleared to 0.

Z: Setto lif thetransferred datais zero;
otherwise cleared to O.

Operand Size V: Alwayscleared to 0.

C: Previous value remains unchanged.

MOV. B Rs, <EAd>

Byte

Description

Thisinstruction transfers the contents of an 8-bit register Rs (source operand) to a destination
location, tests the transferred data, and sets condition-code flags according to the result.

Available Registers

Rs: ROL to R7L, ROH to R7H
ERd: EROto ER7
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Section 2

Move

MOV (MOVedata)
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Section 2 Instruction Descriptions

2.239(8) MOV (W)

MOV (MOVedata) Move
Operation Condition Code
Rs - (EAd) | U HUN Z V C

— | — ] — =]t ]|t 0]|—

N: Setto 1 if thetransferred datais negative;
otherwise cleared to 0.

Z: Setto lif thetransferred datais zero;
otherwise cleared to O.

Operand Size V: Alwayscleared to 0.

Word C: Previous value remains unchanged.

MOV. W Rs, <EAd>

Description

Thisinstruction transfers the contents of a 16-bit register Rs (source operand) to a destination
location, tests the transferred data, and sets condition-code flags according to the result.

Available Registers

Rs. ROtoR7,EOQOtoE7
ERd: ERO to ER7
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Instruction Descriptions

Section 2

Move

MOV (MOVedata)
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Section 2 Instruction Descriptions

2.239(9) MOV (L)

MOV (MOVedata)

Move

Operation
ERs - (EAd)

Condition Code

Ul

H UN Z VvV C

0

!

0| —

Assembly-L anguage For mat
MOV. L ERs, <EAd>

H: Previous value remains unchanged.
N: Setto 1 if thetransferred datais negative;

otherwise cleared to 0.

Z: Setto lif thetransferred datais zero;

otherwise cleared to 0.

Operand Size V: Alwayscleared to 0.

C: Previous value remains unchanged.
Longword
Description

Thisinstruction transfers the contents of a 32-hit register ERs (source operand) to a destination
location, tests the transferred data, and sets condition-code flags according to the result. The
extended register (ES) contents are stored at the first word indicated by the effective address. The
general register (Rs) contents are stored at the next word.

T~

> MSB

ERs ‘ Es

RsH [ RsL

LSB

«— EA

Available Registers

ERs: EROto ER7
ERd: EROto ER7
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Instruction Descriptions

Section 2

Move

MOV (MOVedata)
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Section 2 Instruction Descriptions

2240 MOVFPE

MOVFPE (MOVe From Peripheral with E clock) Move Data with E Clock
Operation Condition Code

(EAs) ~ Rd | U HUN Z V C
Synchronized with E clock T =TT+ :Tol—=
Assembly-L anguage For mat H: Previous value remains unchanged.
MOVFPE @aa:16, Rd N: Setto1if thetransferred datais negative;

otherwise cleared to 0.
Z: Setto lif thetransferred datais zero;
otherwise cleared to 0.

(0] dSi

perand ze V: Alwayscleared to 0.
Byte C: Previous value remains unchanged.
Description

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

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

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
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 cannot
transfer word data or longword data.

2. The number of statesrequired for execution is variable. For details, refer to the relevant
microcontroller hardware manual.
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Section 2 Instruction Descriptions

2241 MOVTPE

MOVTPE (MOVeTo Peripheral with E clock) Move Data with E Clock
Operation Condition Code

Rs - (EAd) | U HUN Z V C
Synchronized with E clock S I O D O P P
Assembly-L anguage For mat H: Previous value remains unchanged.
MOVTPE Rs, @aa:16 N: Setto1if thetransferred datais negative;

otherwise cleared to 0.
Z: Setto lif thetransferred datais zero;
otherwise cleared to 0.

(0] dSi

perand ze V: Alwayscleared to 0.
Byte C: Previous value remains unchanged.
Description

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

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

Available Registers
Rs. ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
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 cannot
transfer word data or longword data.

2. The number of states required for execution is variable. For details, refer to the relevant
microcontroller hardware manual.
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Section 2 Instruction Descriptions

2242 (1) MULXS(B)

MULXS (MULtiply eXtend as Signed) Multiply Signed
Operation Condition Code
RdxRs - Rd I Ul H UN Z V C
_ | — | — | — t | — | —
Assembly-L anguage For mat H: Previous value remains unchanged.
MULXS. B Rs, Rd N: Setto 1if theresult is negative; otherwise
cleared to O.
- Z. Settolif theresult is zero; otherwise
Operand Size cleared to 0.
Byte V: Previous value remains unchanged.

C: Previous value remains unchanged.

Description

Thisinstruction multiplies the lower 8 bits of a 16-bit register Rd (destination operand) by the
contents of an 8-bit register Rs (source operand) as signed data and stores the result in the 16-bit
register Rd. If Rd isone of general registers RO to R7, Rs can be the upper part (RdH) or lower
part (RdL) of Rd. The operation performed is 8 bits x 8 bits - 16 bits signed multiplication.

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 No. of
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct | MULXS.B | Rs, Rd o {1 | cio|5 {0 |rmrid 4

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 three states
after execution of a MAC instruction. For example, if there is a one-state instruction (such as NOP)
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 relevant
microcontroller hardware manual of the product in question.

Notes
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Section 2 Instruction Descriptions

2.242(2) MULXS (W)

MULXS (MULtiply eXtend as Signed) Multiply Signed
Operation Condition Code
ERd x Rs - ERd I Ul H UN Z V C
_ | — | — | — | t | — | —
Assembly-L anguage For mat H: Previous value remains unchanged.
MULXS. W Rs, ERd N: Setto 1if theresult isnegative; otherwise
cleared to O.
- Z. Settolif theresultis zero; otherwise
Operand Size cleared to 0.
Word V: Previous value remains unchanged.

C: Previous value remains unchanged.

Description

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

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

Available Registers

ERd: ERO to ER7
Rs. ROtoR7,EOQtoE7

Operand Format and Number of States Required for Execution

i Instruction Format
Addressing Mnemonic | Operands No. of

Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct | MULXSW | Rs,ERd | 0 { 1 | C { 0 | 5 | 2 | rs {ojerd| 5*
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 three states
after execution of a MAC instruction. For example, if there is a one-state instruction (such as NOP)
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 relevant
microcontroller hardware manual of the product in question.

Notes
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Section 2 Instruction Descriptions

2.243(1) MULXU (B)

MUL XU (MULtiply eXtend as Unsigned) Multiply
Operation Condition Code
RdxRs - Rd | U HUNZV C

Assembly-L anguage For mat

MULXU. B Rs, Rd H: Previous value remains unchanged.
N: Previous value remains unchanged.
Operand Size Z: Previous value remains unchanged.
Byte V: Previous value remains unchanged.
C: Previous value remains unchanged.
Description

Thisinstruction multiplies the lower 8 bits of a 16-bit register Rd (destination operand) by the
contents of an 8-bit register Rs (source operand) as unsigned data and stores the result in the 16-bit
register Rd. If Rd isone of general registers RO to R7, Rs can be the upper part (RdH) or lower
part (RdL) of Rd. The operation performed is 8 bits x 8 bits - 16 bits unsigned multiplication.

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 No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Register direct MULXU.B Rs, Rd 5 {0 rs | rd 3*

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 three states
after execution of a MAC instruction. For example, if there is a one-state instruction (such as NOP)
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 relevant
microcontroller hardware manual of the product in question.

Notes
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Section 2 Instruction Descriptions

2.243(2) MULXU (W)

MUL XU (MULtiply eXtend as Unsigned) Multiply
Operation Condition Code

Assembly-L anguage For mat

MULXU. W Rs, ERd H: Previous value remains unchanged.
N: Previous value remains unchanged.
Operand Size Z: Previous value remains unchanged.
Word V: Previous value remains unchanged.
C: Previous value remains unchanged.
Description

Thisinstruction multiplies the lower 16 bits of a 32-bit register ERd (destination operand) by the
contents of a 16-bit register Rs (source operand) as unsigned data and stores the result in the 32-bit
register ERd. Rs can be the upper part (Ed) or lower part (Rd) of ERd. The operation performed is
16 bits x 16 bits - 32 bhits unsigned multiplication.

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

Available Registers

ERd: EROto ER7
Rs: ROtoR7,EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Register direct MULXU.W | Rs, ERd 5 | 2 rs {Ojerd 4%

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 three states
after execution of a MAC instruction. For example, if there is a one-state instruction (such as NOP)
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 relevant
microcontroller hardware manual of the product in question.

Notes
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Section 2 Instruction Descriptions

2244 (1) NEG (B)

NEG (NEGate)

Negate Binary Signed

Operation
0-Rd - Rd

Assembly-L anguage For mat

Condition Code

I Ul

H UN Z VvV C

1 J—

!

!

!

!

H: Setto1if thereisaborrow at bit 3;
otherwise cleared to 0.

NEG B Rd N: Setto1if theresult is negative; otherwise
cleared to O.
Z: Setto 1if theresult iszero; otherwise
Operand Size cleared 10 0.
V: Setto 1if an overflow occurs; otherwise
Byte
cleared to 0.
C: Settolif thereisaborrow at bit 7;
otherwise cleared to 0.
Description

Thisinstruction takes the two’s complement of the contents of an 8-bit register Rd (destination
operand) and stores the result in the 8-bit register Rd (subtracting the register contents from H'00).
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 No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct NEG.B Rd 147 8 ird 1

Notes

An overflow occursif the original contents of Rd were H'80.
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Section 2 Instruction Descriptions

2244 (2) NEG (W)

NEG (NEGate) Negate Binary Signed
Operation Condition Code
0—-Rd - Rd | U H UN Z V C
— | — |t =]t ]t ]
otherwise cleared to 0.
NEG. W Rd . . . .
N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Setto 1if theresult iszero; otherwise
Operand Size clearedto O.
V: Setto 1if an overflow occurs; otherwise
Word
cleared to 0.
C: Settolif thereisaborrow at bit 15;
otherwise cleared to 0.
Description

Thisinstruction takes the two’s complement of the contents of a 16-bit register Rd (destination
operand) and stores the result in the 16-bit register Rd (subtracting the register contents from
H'0000). If the original contents of Rd were H'8000, however, the result remains H'8000.

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct NEG.W Rd 1 {79 ird 1
Notes

An overflow occursif the original contents of Rd were H'8000.
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Section 2 Instruction Descriptions

2244 (3) NEG (L)

NEG (NEGate)

Negate Binary Signed

Operation

0-ERd - ERd

Assembly-L anguage For mat

Condition Code
I Ul

H UN Z VvV C

— | — |t | =

!

!

!

!

H: Setto1if thereisaborrow at bit 27;
otherwise cleared to 0.

NEG L ERd N: Setto1if theresult is negative; otherwise
cleared to O.
Z: Setto 1if theresult iszero; otherwise
Operand Size cleared 10 0.
V: Setto 1if an overflow occurs; otherwise
Longword
cleared to 0.
C: Settolif thereisaborrow at bit 31;
otherwise cleared to 0.
Description

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

H'80000000.

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct NEG.L ERd 1 {7 | B oied 1

Notes

An overflow occursif the original contents of ERd were H'80000000.
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Section 2 Instruction Descriptions

2245 NOP

NOP (No OPeration) No Operation
Operation Condition Code

PC+2 - PC | U HUN Z V C

NOP N: Previous value remains unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Description

Thisinstruction only increments the program counter, causing the next instruction to be executed.
Theinternal state of the CPU does not change.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
— NOP ofo|o03io 1
Notes
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Section 2 Instruction Descriptions

2246 (1) NOT (B)

NOT (NOT = logical complement)

Logical Complement

Operation

Assembly-L anguage For mat

Condition Code

I Ul

H UN Z VvV C

0

t 0

H: Previous value remains unchanged.
N: Setto 1 if theresult is negative; otherwise

NOT. B Rd cleared to O.
Z: Settolif theresultiszero; otherwise
cleared to O.
Operand Size V: Alwayscleared to 0.
C: Previous value remains unchanged.
Byte
Description

Thisinstruction takes the one's complement of the contents of an 8-bit register 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 No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct NOT.B Rd 1 7 0 rd 1

Notes
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Section 2 Instruction Descriptions

2.246(2) NOT (W)

NOT (NOT = logical complement) Logical Complement

Operation Condition Code

- Rd - Rd I UU H UN Z V C
—|— | ==t | 0|—

NOT. W Rd N: Setto 1 if theresult is negative; otherwise
clearedto 0.

Z. Settolif theresult is zero; otherwise

cleared to O.

Operand Size V: Alwayscleared to 0.

Word C: Previous value remains unchanged.

Description

Thisinstruction takes the one's complement of the contents of a 16-bit register Rd (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 No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct NOT.W Rd 1 7 1 rd 1
Notes
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Section 2 Instruction Descriptions

2.246(3) NOT (L)

NOT (NOT = logical complement)

Logical Complement

Operation

- ERd - ERd

Assembly-L anguage For mat

Condition Code

I Ul

H UN Z VvV C

0

t 0

H: Previous value remains unchanged.
N: Setto 1 if theresult is negative; otherwise

NOT. L ERd cleared to O.
Z: Settolif theresultiszero; otherwise
cleared to O.
Operand Size V: Alwayscleared to 0.
C: Previous value remains unchanged.
Longword
Description

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

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct NOT.L ERd 1|71 3 |0|erd 1

Notes
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Section 2 Instruction Descriptions

2.247(1) OR (B)

OR (inclusive OR logical) Logical OR
Operation Condition Code
RAU(EAs) - Rd | U HUNZV C
—|— | ==t | 0|—
OR B <EAs>. Rd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
cleared to O.
Operand Size V: Alwayscleared to 0.
C: Previous value remains unchanged.
Byte
Description

This instruction ORs the source operand with the contents of an 8-bit 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

Addressing . Instruction Format No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate OR.B #xx:8, Rd C rd IMM 1
Register direct OR.B Rs, Rd 1 4 rs rd 1
Notes
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Section 2 Instruction Descriptions

2.247(2) OR (W)

OR (inclusive OR logical)

Logical OR

Operation

Rd O(EAS) — Rd

Condition Code
I UU H UN Z V C

— | — ==t t]|0|—
Assembly-L anguage For mat H: Previous value remains unchanged.
OR. W <EAs>. Rd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
cleared to O.
C: Previous value remains unchanged.
Word
Description

Thisinstruction ORs the source operand with the contents of a 16-bit register Rd (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

Addressing . Instruction Format No. of
Mnemonic | Operands )

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

Notes
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Section 2 Instruction Descriptions

2247(3) OR (L)

OR (inclusive OR logical)

Logical OR

Operation

ERd O(EAS) — ERd

Condition Code

Ul

H UN Z VvV C

— | =]t ] 0|—

Assembly-L anguage For mat H: Previous value remains unchanged.
OR L <EAs>, ERd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
cleared to O.
C: Previous value remains unchanged.
Longword
Description

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

Available Registers

ERd: EROto ER7
ERs: EROto ER7

Operand Format and Number of States Required for Execution

Addressing Instruction Format No. of
Mnemonic | Operands '

Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte ’ 5th byte ‘ 6th byte |States
Immediate OR.L #xx:32, ERd| 7 A 4 [Olerd IMM 3
Register direct ORL |ERs,ERd | 0 {1 | F {0 |6 |4 ‘Ogersgogerd‘ ‘ 2

Notes
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Section 2 Instruction Descriptions

2248(1) ORC

ORC (inclusive OR Control register) Logical OR with CCR
Operation Condition Code

CCRO#IMM - CCR | U HUN Z V C

! ! ! ! ! ! ! !

Assembly-L anguage For mat Stores the corresponding bit of the result.

I:
ORC #xx:8, CCR Ul: Storesthe correspond? ng bﬁt of the result.
H: Storesthe corresponding bit of the result.
U: Storesthe corresponding bit of the result.
N: Storesthe corresponding bit of the result.
Operand Size Z: Storesthe corresponding bit of the result.
Byte V: Storesthe corresponding bit of the result.
C: Storesthe corresponding bit of the result.
Description

Thisinstruction ORs the contents of the condition-code register (CCR) with immediate data and
stores the result in the condition-code register. No interrupt requests, including NMI, are accepted
immediately after execution of thisinstruction.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate ORC #xx:8,CCR| 0 4 IMM 1
Notes
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2248(2) ORC

ORC (inclusive OR Control register) Logical OR with EXR
Operation Condition Code

EXRO#IMM - EXR | U HUN Z V C

Assembly-L anguage For mat H: Stores the corresponding bit of the result.

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

Operand Size

Byte

Description

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

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate ORC |#xx8EXR| 0 { 1 | 4 {1 | 0 | 4 IMM 2
Notes
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Section 2 Instruction Descriptions

2249 (1) POP (W)

POP (POP data) Pop Data from Stack
Operation Condition Code
@SP+ - Rn | Ul

H UN Z VvV C

0

t 0

Assembly-L anguage For mat

H: Previous value remains unchanged.
N: Setto 1 if thetransferred datais negative;

POP. WRn otherwise cleared to 0.
Z: Setto lif thetransferred datais zero;
otherwise cleared to O.
Operand Size V: Alwayscleared to 0.
C: Previous value remains unchanged.
Word
Description

This instruction restores data from the stack to a 16-bit general register Rn, tests the restored data,
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

Instruction Format

Addressing . No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
— POP.W Rn 6 D 7 m 3
Notes

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

Rev. 4.00 Feb 24, 2006 page 167 of 322

RENESAS

REJ09B0139-0400



Section 2 Instruction Descriptions

2.2.49(2) POP (L)

POP (POP data) Pop Data from Stack

Operation Condition Code

@SP+ — ERn | UHUN Z V C
—|— | ==t | 0|—

N: Setto1if thetransferred datais negative;
otherwise cleared to 0.

Z: Setto lif thetransferred datais zero;
otherwise cleared to O.

Operand Size V: Alwayscleared to 0.

C: Previous value remains unchanged.

POP.L ERn

Longword

Description

Thisinstruction restores data from the stack to a 32-bit general register ERn, tests the restored
data, and sets condition-code flags according to the result.

Available Registers
ERn: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
— POP.L ERn ol 1]lo0o]o]s6]|D]| 7 |0|ern 5
Notes

POP.L ERnisidentical to MOV.L @SP+, ERn.
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Section 2 Instruction Descriptions

2.250(1) PUSH (W)

PUSH (PUSH data)

Push Data on Stack

Operation
Rn - @-SP

Condition Code

I U H UN Z V C
— | —|—=|=]t]t]0]|—

Assembly-L anguage For mat
PUSH. W Rn

H: Previous value remains unchanged.

N: Setto 1 if thetransferred datais negative;
otherwise cleared to 0.

Z: Setto lif thetransferred datais zero;
otherwise cleared to O.

Operand Size V: Alwayscleared to 0.

C: Previous value remains unchanged.
Word
Description

Thisinstruction saves data from a 16-bit register Rn onto the stack, tests the saved data, 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 No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
— PUSH.W Rn 6 D F m 3
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 isthe R7 or E7
value after effective address calculation (after ER7 is decremented by 2).
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2.250(2) PUSH (L)

PUSH (PUSH data) Push Data on Stack
Operation Condition Code
ERn - @-SP | U HUN Z V C

— | —]— =]t ]t 0]|—

N: Setto1if thetransferred datais negative;
otherwise cleared to 0.

Z: Setto lif thetransferred datais zero;
otherwise cleared to O.

Operand Size V: Alwayscleared to 0.

C: Previous value remains unchanged.

PUSH. L ERn

Longword

Description

Thisinstruction pushes datafrom a 32-hit register ERn onto the stack, tests the saved data, and
sets condition-code flags according to the resullt.

Available Registers
ERn: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
— PUSH.L ERN 0 1 0 0 6 D F EOEern 5
Notes

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

2. When PUSH.L ERY7 is executed, the value saved on the stack is the ER7 value after effective
address calculation (after ER7 is decremented by 4).
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2251(1) ROTL (B)

ROTL (ROTate Left)

Rotate

Operation

Rd (left rotation) - Rd

Assembly-L anguage For mat

Condition Code

I U H UN Z V C
— | —|—=|=]t]t]0]:

H: Previous value remains unchanged.

ROTL. B Rd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise

: cleared to O.

Operand Size
P z V: Alwayscleared to 0.

Byte C: Receivesthe previousvauein bit 7.
Description

This instruction rotates the bits in an 8-bit register Rd (destination operand) one bit to the left. The
most significant bit (bit 7) isrotated to the least significant bit (bit 0), and also copied to the carry

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 No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTL.B Rd 1 i 2 8 i rd 1

Notes
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2251(2) ROTL (B)

ROTL (ROTate Left) Rotate
Operation Condition Code
Rd (Ieft rotation) - Rd I U H UN Z V C
— | —|—]—] t| |0
Assembly-L anguage For mat H: Previous value remains unchanged.
ROTL. B #2, Rd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
: cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Byte C: Receivesthe previous vauein bit 6.
Description

Thisinstruction rotates the bitsin an 8-bit register Rd (destination operand) two bits to the | eft.
The most significant two bits (bits 7 and 6) are rotated to the least significant two bits (bits 1 and
0), and bit 6 is also copied to the carry flag.

MSB LSB

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 No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTL.B #2, Rd 1 i 2 cC ird 1
Notes
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2.251(3) ROTL (W)

ROTL (ROTate Left)

Rotate

Operation

Rd (left rotation) - Rd

Assembly-L anguage For mat

Condition Code

I U H UN Z V C
— | —|—=|=]t]t]0]:

H: Previous value remains unchanged.

ROTL. W Rd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
: cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Word C: Receivesthe previousvaluein bit 15.
Description

This instruction rotates the bits in a 16-bit register Rd (destination operand) one bit to the left. The
most significant bit (bit 15)is rotated to the least significant bit (bit 0), and also copied to the carry

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 No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTL.W Rd 1 i 2 9 i 1

Notes
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2.251(4) ROTL (W)

ROTL (ROTate Left) Rotate
Operation Condition Code
Rd (Ieft rotation) - Rd I U H UN Z V C
— | —|—]—] t| |0
Assembly-L anguage For mat H: Previous value remains unchanged.
ROTL. W #2, Rd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
: cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Word C: Receivesthe previousvaluein bit 14.
Description

Thisinstruction rotates the bitsin a 16-bit register Rd (destination operand) two bits to the | eft.
The most significant two bits (bits 15 and 14) are rotated to the |east significant two bits (bits 1

and 0), and bit 14 is also copied to the carry flag.

MSB LSB

C bl5 bil4 bl DbO

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTL.W #2, Rd 1 i 2 D i 1
Notes
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2.251(5) ROTL (L)

ROTL (ROTate Left)

Rotate

Operation
ERd (l€eft rotation) — ERd

Assembly-L anguage For mat
ROTL. L ERd

Condition Code

I Ul

H UN Z VvV C

0

t 0

!

H: Previous value remains unchanged.
N: Setto 1 if theresult is negative; otherwise

cleared to 0.
Z: Settolif theresult is zero; otherwise
- cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Longword C: Receivesthe previous valuein bit 31.
Description

Thisinstruction rotates the bitsin a 32-bit register ERd (destination operand) one hit to the | eft.
The most significant bit (bit 31) is rotated to the least significant bit (bit 0), and also copied to the

carry flag.

MSB

LSB

C

b31

b0

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTL.L ERd 1 i 2 B iOierd 1
Notes
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2.251(6) ROTL (L)

ROTL (ROTate Left) Rotate
Operation Condition Code
ERd (l€eft rotation) — ERd | U HUN Z V C
— | —| ==t |t |01
Assembly-L anguage For mat H: Previous value remains unchanged.
ROTL. L #2, ERd N: Setto 1 if theresult is negative; otherwise
clearedto 0.
Z. Settolif theresult is zero; otherwise
; cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Longword C: Receivesthe previous valuein bit 30.
Description

Thisinstruction rotates the bits in a 32-bit register ERd (destination operand) two bits to the left.
The most significant two bits (bits 31 and 30) are rotated to the |east significant two bits (bits 1
and 0), and bit 30 is also copied to the carry flag.

MSB LSB

C b31 b30 bl DbO

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTL.L #2, ERd 1 i 2 F iOierd 1
Notes
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2.252(1) ROTR (B)

ROTR (ROTate Right)

Rotate

Operation

Rd (right rotation) — Rd

Assembly-L anguage For mat

Condition Code
I Ul

H UN Z VvV C
— |t t] 0]

H: Previous value remains unchanged.

ROTR. B Rd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise

: cleared to O.

Operand Size
P z V: Alwayscleared to 0.

Byte C: Receivesthe previous vauein bit 0.
Description

Thisinstruction rotates the bitsin an 8-bit register Rd (destination operand) one bit to the right.
The least significant bit (bit 0) is rotated to the most significant bit (bit 7), and also copied to the

carry flag.

MSB

LSB

b7

o]0] C

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTR.B Rd 1 i3 8 i rd 1

Notes
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2.252(2) ROTR (B)

ROTR (ROTate Right) Rotate
Operation Condition Code
Rd (rlght rotation) - Rd I U H UN Z V C
— | —| ==t |t |01
Assembly-L anguage For mat H: Previous value remains unchanged.
ROTR. B #2, Rd N: Setto 1 if theresult is negative; otherwise
clearedto 0.
Z. Settolif theresult is zero; otherwise
; cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Byte C: Receivesthe previousvauein bit 1.
Description

Thisinstruction rotates the bitsin an 8-bit register Rd (destination operand) two bits to the right.
The least significant two hits (bits 1 and 0) are rotated to the most significant two bits (bits 7 and

6), and bit 1 is also copied to the carry flag.

MSB LSB

b7 b6 bl bO

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTR.B #2, Rd 1 i 3 cC ird 1
Notes
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2.252(3) ROTR (W)

ROTR (ROTate Right)

Rotate

Operation

Rd (right rotation) — Rd

Assembly-L anguage For mat

Condition Code
I Ul

H UN Z VvV C
— |t t] 0]

H: Previous value remains unchanged.

ROTR. W Rd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise

: cleared to O.

Operand Size
P z V: Alwayscleared to 0.

Word C: Receivesthe previous vauein bit 0.
Description

Thisinstruction rotates the bitsin a 16-bit register Rd (destination operand) one bit to the right.
The least significant bit (bit 0) is rotated to the most significant bit (bit 15), and also copied to the

carry flag.

MSB

LSB

b15

b0 C

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTR.W Rd 1 i 3 9 i 1

Notes
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2.252(4) ROTR (W)

ROTR (ROTate Right) Rotate
Operation Condition Code
Rd (rlght rotation) - Rd I U H UN Z V C
— | —| ==t |t |01
Assembly-L anguage For mat H: Previous value remains unchanged.
ROTR. W #2, Rd N: Setto 1 if theresult is negative; otherwise
clearedto 0.
Z. Settolif theresult is zero; otherwise
; cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Word C: Receivesthe previousvauein bit 1.
Description

Thisinstruction rotates the bitsin a 16-bit register Rd (destination operand) two bits to the right.
The least significant two bits (bits 1 and 0) are rotated to the most significant two bits (bits 15 and

14), and hit 1 is also copied to the carry flag.

MSB LSB

b1l5 bl4 bl bO

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTR.W #2, Rd 1 i 3 D i 1
Notes
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2.252(5) ROTR (L)

ROTR (ROTate Right)

Rotate

Operation

ERd (right rotation) — ERd

Assembly-L anguage For mat

Condition Code
I Ul

H UN Z VvV C
— |t t] 0]

H: Previous value remains unchanged.

ROTR. L ERd N: Setto 1 if theresult is negative; otherwise
cleared to 0.
Z: Settolif theresult is zero; otherwise

) cleared to O.

Operand Size
P z V: Alwayscleared to 0.

Longword C: Receivesthe previousvaluein bit 0.
Description

Thisinstruction rotates the bits in a 32-bit register ERd (destination operand) one hit to the right.
The least significant bit (bit 0) is rotated to the most significant bit (bit 31), and also copied to the

carry flag.

MSB

LSB

b31

o]0] C

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTR.L ERd 1 i3 B iOierd 1

Notes
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2.252(6) ROTR (L)

ROTR (ROTate Right) Rotate
Operation Condition Code
ERd (right rotation) — ERd | U HUN Z V C
— | —| ==t |t |01
Assembly-L anguage For mat H: Previous value remains unchanged.
ROTR. L #2, ERd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
: cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Longword C: Receivesthe previousvaluein bit 1.
Description

Thisinstruction rotates the bitsin a 32-bit register ERd (destination operand) two bitsto the right.
The least significant two bits (bits 1 and 0) are rotated to the most significant two bits (bits 31 and

30), and bit 1 is also copied to the carry flag.

MSB LSB

b31 b30 bl bO

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTR.L #2, ERd 1 i 3 F ioOierd 1
Notes
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2.253(1) ROTXL (B)

ROTXL (ROTatewith eXtend carry Left)

Rotate through Carry

Operation

Rd (left rotation through carry flag) — Rd

Assembly-L anguage For mat

Condition Code
I Ul

H UN Z VvV C
— |t t] 0]

H: Previous value remains unchanged.

ROTXL. B Rd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise

: cleared to O.

Operand Size
P z V: Alwayscleared to 0.

Byte C: Receivesthe previousvauein bit 7.
Description

Thisinstruction rotates the bits in an 8-bit register Rd (destination operand) one bit to the | eft
through the carry flag. The carry flag isrotated into the least significant bit (bit 0). The most
significant bit (bit 7) rotates into the carry flag.

MSB

LSB

b7

o]0]

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTXL.B Rd 1 i 2 0 ird 1

Notes
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2.253(2) ROTXL (B)

ROTXL (ROTatewith eXtend carry Left)

Rotate through Carry

Operation
Rd (left rotation through carry flag) — Rd

Assembly-L anguage For mat
ROTXL. B #2, Rd

Condition Code

I U H UN Z V C
— | —|—=|=]t]t]0]

H: Previous value remains unchanged.

N: Setto 1 if theresult is negative; otherwise
cleared to O.

Z: Settolif theresultiszero; otherwise
cleared to O.

(0] dS

perand ze V: Alwayscleared to 0.
Byte C: Receivesthe previous vauein bit 6.
Description

Thisinstruction rotates the bitsin an 8-bit register Rd (destination operand) two hits to the left
through the carry flag. The carry flag rotates into bit 1, bit 7 rotates into bit 0, and bit 6 rotatesinto

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 No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTXL.B #2, Rd 142 4 i 1
Notes
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2.253(3) ROTXL (W)

ROTXL (ROTatewith eXtend carry Left)

Rotate through Carry

Operation

Rd (left rotation through carry flag) — Rd

Assembly-L anguage For mat

Condition Code
I Ul

H UN Z VvV C
— |t t] 0]

H: Previous value remains unchanged.

ROTXL. W Rd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
: cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Word C: Receivesthe previousvaluein bit 15.
Description

Thisinstruction rotates the bitsin a 16-bit register Rd (destination operand) one bit to the | eft
through the carry flag. The carry flag isrotated into the least significant bit (bit 0). The most
significant bit (bit 15) rotates into the carry flag.

MSB

LSB

b15

o]0]

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTXL.W Rd 1 i 2 1 i rd 1

Notes
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2.253(4) ROTXL (W)

ROTXL (ROTatewith eXtend carry Left)

Rotate through Carry

Operation Condition Code
Rd (left rotation through carry flag) — Rd | U H UN Z V C
— | —|—]—] t| |0
Assembly-L anguage For mat H: Previous value remains unchanged.
ROTXL. W #2, Rd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
: cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Word C: Receivesthe previousvaluein bit 14.
Description

Thisinstruction rotates the bitsin a 16-bit register Rd (destination operand) two hits to the left
through the carry flag. The carry flag rotates into bit 1, bit 15 rotates into bit O, and bit 14 rotates

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 No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTXL.W #2, Rd 1 i 2 5 i 1
Notes
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Section 2 Instruction Descriptions

2.253(5) ROTXL (L)

ROTXL (ROTatewith eXtend carry Left)

Rotate through Carry

Operation

ERd (I€ft rotation through carry flag) - ERd

Assembly-L anguage For mat

Condition Code
I Ul

H UN Z VvV C
— |t t] 0]

H: Previous value remains unchanged.

ROTXL. L ERd N: Setto 1 if theresult is negative; otherwise
clearedto 0.
Z. Settolif theresult is zero; otherwise
; cleared to 0.
Operand Size
P z V: Alwayscleared to 0.
Longword C: Receivesthe previous valuein bit 31.
Description

Thisinstruction rotates the bits in a 32-bit register ERd (destination operand) one bit to the left
through the carry flag. The carry flag isrotated into the least significant bit (bit 0). The most
significant bit (bit 31) rotates into the carry flag.

MSB

LSB

b31

o]0]

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTXL.L ERd 1 i 2 3 ioierd 1

Notes
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Section 2 Instruction Descriptions

2.253(6) ROTXL (L)

ROTXL (ROTatewith eXtend carry Left)

Rotate through Carry

Operation Condition Code
ERd (I€ft rotation through carry flag) - ERd | U H UN Z V C
— | —| ==t |t |01
Assembly-L anguage For mat H: Previous value remains unchanged.
ROTXL. L #2, ERd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
: cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Longword C: Receivesthe previous valuein bit 30.
Description

Thisinstruction rotates the bits in a 32-bit register ERd (destination operand) two bits to the left
through the carry flag. The carry flag rotates into bit 1, bit 31 rotates into bit O, and bit 30 rotates

into into the carry flag.

MSB LSB

C b31 b30 bl b0

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

i Instruction Format
Addressing Mnemonic | Operands

Mode 1stbyte | 2nd byte | 3rd byte

4th byte

No. of
States

Register direct ROTXL.L | #2,ERd 1 i 2 7 ioierd

Notes
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Section 2 Instruction Descriptions

2.254(1) ROTXR (B)

ROTXR (ROTatewith eXtend carry Right) Rotate through Carry
Operation Condition Code
Rd (right rotation through carry flag) — Rd | U H UN Z V C
— | —|—]—] t| |0
Assembly-L anguage For mat H: Previous value remains unchanged.
ROTXR. B Rd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
: cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Byte C: Receivesthe previous vauein bit 0.
Description

Thisinstruction rotates the bitsin an 8-bit register Rd (destination operand) one bit to the right
through the carry flag. The carry flag isrotated into the most significant bit (bit 7). The least
significant bit (bit 0) rotates into the 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

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTXR.B Rd 1 i 3 0 ird 1
Notes
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Section 2 Instruction Descriptions

2.254(2) ROTXR (B)

ROTXR (ROTatewith eXtend carry Right)

Rotate through Carry

Operation
Rd (right rotation through carry flag) — Rd

Assembly-L anguage For mat
ROTXR. B #2, Rd

Condition Code

I U H UN Z V C
— | —|—=|=]t]t]0]

H: Previous value remains unchanged.

N: Setto 1 if theresult is negative; otherwise
cleared to O.

Z: Settolif theresultiszero; otherwise
cleared to O.

(0] dS

perand ze V: Alwayscleared to 0.
Byte C: Receivesthe previousvauein bit 1.
Description

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

the carry flag.
MSB LSB
C b7 b6 bl bO
Available Registers
Rd: ROL to R7L, ROH to R7H
Operand Format and Number of States Required for Execution
Addressing ) Instruction Format No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTXR.B #2, Rd 1 4 rd 1

Notes
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Section 2 Instruction Descriptions

2.254(3) ROTXR (W)

ROTXR (ROTatewith eXtend carry Right) Rotate through Carry
Operation Condition Code
Rd (right rotation through carry flag) — Rd | U H UN Z V C
— | —|—]—] t| |0
Assembly-L anguage For mat H: Previous value remains unchanged.
ROTXR. W Rd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
: cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Word C: Receivesthe previous vauein bit 0.
Description

Thisinstruction rotates the bitsin a 16-bit register Rd (destination operand) one bit to the right
through the carry flag. The carry flag isrotated into the most significant bit (bit 15). The least
significant bit (bit 0) rotates into the carry flag.

MSB LSB

b15 o]0] C

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTXR.W Rd 1 i 3 1 i rd 1
Notes
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Section 2 Instruction Descriptions

2.254(4) ROTXR (W)

ROTXR (ROTatewith eXtend carry Right)

Rotate through Carry

Operation
Rd (right rotation through carry flag) — Rd

Assembly-L anguage For mat
ROTXR. W #2, Rd

Condition Code

I U H UN Z V C
— | —|—=|=]t]t]0]

H: Previous value remains unchanged.

N: Setto 1 if theresult is negative; otherwise
cleared to O.

Z: Settolif theresultiszero; otherwise
cleared to O.

Operand Size

P z V: Alwayscleared to 0.
Word C: Receivesthe previousvauein bit 1.
Description

Thisinstruction rotates the bitsin a 16-bit register Rd (destination operand) two bits to the right
through the carry flag. The carry flag rotates into bit 14, bit O rotates into bit 15, and bit 1 rotates

into the carry flag.

MSB LSB
C bl5 bl4 bl bO
Available Registers
Rd: ROto R7, EOto E7
Operand Format and Number of States Required for Execution
Addressing ) Instruction Format No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTXR.W #2, Rd 1 5 rd 1

Notes
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Section 2 Instruction Descriptions

2.254(5) ROTXR (L)

ROTXR (ROTatewith eXtend carry Right) Rotate through Carry
Operation Condition Code
ERd (right rotation through carry flag) - ERd | U H UN Z V C
— | —|—]—] t| |0
Assembly-L anguage For mat H: Previous value remains unchanged.
ROTXR. L ERd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
: cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Longword C: Receivesthe previous vauein bit 0.
Description

Thisinstruction rotates the bits in a 32-bit register ERd (destination operand) one bhit to the right
through the carry flag. The carry flag is rotated into the most significant bit (bit 31). The least
significant bit (bit 0) rotates into the carry flag.

MSB LSB

b31 o]0] C

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTXR.L ERd 1 i 3 3 ioierd 1
Notes
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Section 2 Instruction Descriptions

2.254(6) ROTXR (L)

ROTXR (ROTatewith eXtend carry Right)

Rotate through Carry

Operation
ERd (right rotation through carry flag) - ERd

Assembly-L anguage For mat
ROTXR. L #2, ERd

Condition Code

I U H UN Z V C
— | —|—=|=]t]t]0]

H: Previous value remains unchanged.

N: Setto 1 if theresult is negative; otherwise
cleared to O.

Z: Settolif theresultiszero; otherwise
cleared to O.

o] dSi

perand Size V: Alwayscleared to 0.
Longword C: Receivesthe previousvaluein bit 1.
Description

Thisinstruction rotates the bits in a 32-bit register ERd (destination operand) two bitsto the right
through the carry flag. The carry flag rotates into bit 30, bit O rotates into bit 31, and bit 1 rotates

into the carry flag.

MSB

LSB

C b31 b30

bl DbO

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTXR.L | #2, ERd 1 7 ioierd 1

Notes
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Section 2 Instruction Descriptions

2255 RTE

RTE (ReTurn from Exception)

Return from Exception Handling

Operation Condition Code
@SP+ - CCR O T T N S B S S (O
@SP+ - PC
e« When EXRisvalid I:  Restored from the corresponding bit on
@SP+ - EXR the stack.
@SP+ - CCR Ul: Restored from the corresponding bit on
@SP+ _ PC the stack.
H: Restored from the corresponding bit on
Assembly-L anguage For mat the stack.
U: Restored from the corresponding bit on
RTE
the stack.
N: Restored from the corresponding bit on
the stack.
Operand Size Z: Restored from the corresponding bit on
the stack.
o V: Restored from the corresponding bit on
the stack.
C: Restored from the corresponding bit on
the stack.
Description

Thisinstruction returns from an exception-handling routine by restoring the EXR, condition-code
register (CCR) and program counter (PC) from the stack. Program execution continues from the

address restored to the program counter. The CCR and PC contents at the time of execution of this
instruction are lost. If the extended control regiser (EXR) isvalid, it is also restored (and the

existing EXR contents are lost).

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
— RTE 5 | 6 710 o

Note: * Six states when EXR is valid.
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Section 2 Instruction Descriptions

RTE (ReTurn from Exception)

Return from Exception Handling

Notes

The stack structure differs between normal mode and advanced mode.

/\_/ /_\_/
Don't care CCR l—:|
TN v v g
PC | Undet. \
Normal mode 23 16 15 87 0 Advanced mode

PC |

23

16 15

87 0
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Section 2 Instruction Descriptions

2256 RTS

RTS (ReTurn from Subroutine) Return from Subroutine
Operation Condition Code

@sP+ -~ PC | U HUN Z V C

Assembly-L anguage For mat H: Previous value remains unchanged.
RTS N: Previous value remains unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
Operand Size C: Previous value remains unchanged.
Description

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

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of States
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | Normal |Advanced
— RTS 5 4 |7 0 4 5
Notes

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

/\_/ /_\_/
Don't care
NG ‘ v ‘ v TN v v v
PC | Undet. | : \ PC | : ‘
Normal mode 23 16 15 87 0 Advanced mode 23 16 15 87 0
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Section 2 Instruction Descriptions

2.257(1) SHAL (B)

SHAL (SHift Arithmetic L eft) Shift Arithmetic
Operation Condition Code

— | — | ==ttt
Assembly-L anguage For mat H: Previous value remains unchanged.
SHAL. B Rd N: Setto 1 if theresult is negative; otherwise

clearedto 0.

Z. Settolif theresult is zero; otherwise
; cleared to O.

Operand Size V: Setto 1if anoverflow occurs; otherwise
Byte cleared to 0.

C: Receivesthe previousvauein bit 7.

Description

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

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 No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHAL.B Rd 1 {0 |8 | 1
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.
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Section 2 Instruction Descriptions

2.257(2) SHAL (B)

SHAL (SHift Arithmetic L eft)

Shift Arithmetic

Operation
Rd (left arithmetic shift) - Rd

Assembly-L anguage For mat

Condition Code

Il UU HUN Z V C
— | — == ] ] ]

H: Previous value remains unchanged.

SHAL. B #2, Rd N: Setto 1 if theresult is negative; otherwise
cleared to 0.
Z: Settolif theresult is zero; otherwise
) cleared to 0.
Operand Size . .
P z V: Setto 1if anoverflow occurs; otherwise
Byte cleared to 0.
C: Receivesthe previousvauein bit 6.
Description

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

MSB < LSB
0 0 «—O0
C b7 b6 bl bO

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHAL.B #2, Rd 1 {0 /| cCc i 1
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.
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Section 2 Instruction Descriptions

2.257(3) SHAL (W)

SHAL (SHift Arithmetic L eft) Shift Arithmetic
Operation Condition Code

— | — | ==ttt
Assembly-L anguage For mat H: Previous value remains unchanged.
SHAL. W Rd N: Setto 1 if theresult is negative; otherwise

clearedto 0.

Z. Settolif theresult is zero; otherwise
; cleared to O.

Operand Size V: Setto 1if anoverflow occurs; otherwise
Word cleared to 0.

C: Receivesthe previousvauein bit 15.

Description

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

MSB - LSB

C b15 b0

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHAL.W Rd 1 {0 | 9 | 1
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.

Rev. 4.00 Feb 24, 2006 page 200 of 322
REJ09B0139-0400
RENESAS



Section 2 Instruction Descriptions

2.257(4) SHAL (W)

SHAL (SHift Arithmetic L eft)

Shift Arithmetic

Operation
Rd (left arithmetic shift) - Rd

Assembly-L anguage For mat

Condition Code

Il UU HUN Z V C
— | — == ] ] ]

H: Previous value remains unchanged.

SHAL. W #2, Rd N: Setto 1 if theresult is negative; otherwise
cleared to 0.
Z: Setto 1if theresult iszero; otherwise
- cleared to O.
Operand Size V: Setto 1if anoverflow occurs; otherwise
Word cleared to 0.
C: Receivesthe previousvauein bit 14.
Description

Thisinstruction shifts the bits in a 16-bit register Rd (destination operand) two bits to the |eft. Bit
14 shiftsinto the carry flag. Bits0 and 1 are cleared to O.

MSB < LSB
0 0 «—O0
C b15 bi4 bl bO

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHALW | #2,Rd 1 {0 | D | 1

Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.
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Section 2 Instruction Descriptions

2.257(5 SHAL (L)

SHAL (SHift Arithmetic L eft) Shift Arithmetic
Operation Condition Code

— | — | ==ttt
Assembly-L anguage For mat H: Previous value remains unchanged.
SHAL. L ERd N: Setto 1 if theresult is negative; otherwise

clearedto 0.

Z. Settolif theresult is zero; otherwise
; cleared to O.

Operand Size V: Setto 1if anoverflow occurs; otherwise
Longword cleared to 0.

C: Receivesthe previousvauein bit 31.

Description

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

MSB - LSB

C b31 b0

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHAL.L ERd 1 {0 | B |oled 1
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.
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Section 2 Instruction Descriptions

2.257(6) SHAL (L)

SHAL (SHift Arithmetic L eft) Shift Arithmetic
Operation Condition Code

— | — ==t ] ]2
Assembly-L anguage Format H: Previous value remains unchanged.
SHAL. L #2, ERd N: Setto 1 if theresult is negative; otherwise

cleared to 0.

Z: Settolif theresult is zero; otherwise
) cleared to 0.

Operand Size V: Setto 1if an overflow occurs; otherwise
Longword cleared to 0.

C: Receivesthe previousvaluein bit 30.

Description

Thisinstruction shifts the bits in a 32-bit register ERd (destination operand) two bits to the | eft.
Bit 30 shiftsinto the carry flag. Bits0 and 1 are cleared to 0.

MSB < LSB
0 0 «—O0
C b31 b30 bl bO

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHALL | #2,ERd | 1 | 0 | F |oferd 1
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.
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Section 2 Instruction Descriptions

2.258(1) SHAR (B)

SHAR (SHift Arithmetic Right) Shift Arithmetic
Operation Condition Code
— | —|—]—] t| |0
Assembly-L anguage For mat H: Previous value remains unchanged.
SHAR. B Rd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
: cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Byte C: Receivesthe previous vauein bit 0.
Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) one bit to the right. Bit
0 shiftsinto the carry flag. Bit 7 shiftsinto itself. Since bit 7 remains unaltered, the sign does not
change.

MSB

A\

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 No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHAR.B Rd 1 {1 |8 | 1
Notes
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Section 2 Instruction Descriptions

2.258(2) SHAR (B)

SHAR (SHift Arithmetic Right) Shift Arithmetic
Operation Condition Code
— | —| ==t t|0] 1
Assembly-L anguage Format H: Previous value remains unchanged.
SHAR. B #2, Rd N: Setto 1 if theresult is negative; otherwise
clearedto 0.
Z. Settolif theresult is zero; otherwise
; cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Byte C: Receivesthe previousvauein bit 1.
Description

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

MSB

A\

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 No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHAR.B #2, Rd 1 {1 c i 1
Notes
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Section 2 Instruction Descriptions

2.258(3) SHAR (W)

SHAR (SHift Arithmetic Right)

Shift Arithmetic

Operation Condition Code

— | —|—]—] t| |0
Assembly-L anguage For mat H: Previous value remains unchanged.
SHAR. W Rd N: Setto 1 if theresult is negative; otherwise

cleared to O.

Z: Settolif theresultiszero; otherwise
: cleared to O.
Operand Size
P z V: Alwayscleared to 0.

Word C: Receivesthe previous vauein bit 0.
Description

Thisinstruction shifts the bitsin a 16-bit register Rd (destination operand) one bit to the right. Bit
0 shiftsinto the carry flag. Bit 15 shiftsinto itself. Since bit 15 remains unaltered, the sign does

not change.

MSB LSB

A\

b15 b0

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHAR.W Rd 1 {19 | 1
Notes
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2.258(4) SHAR (W)

SHAR (SHift Arithmetic Right) Shift Arithmetic
Operation Condition Code
— | —| ==t t|0] 1
Assembly-L anguage Format H: Previous value remains unchanged.
SHAR. W #2, Rd N: Setto 1 if theresult is negative; otherwise
clearedto 0.
Z. Settolif theresult is zero; otherwise
; cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Word C: Receivesthe previousvauein bit 1.
Description

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

MSB

A\

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 No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHARW | #2,Rd 1 {1 | D} 1
Notes
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2.258(5) SHAR(L)

SHAR (SHift Arithmetic Right) Shift Arithmetic
Operation Condition Code
— | —|—]—] t| |0
Assembly-L anguage For mat H: Previous value remains unchanged.
SHAR. L ERd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
: cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Longword C: Receivesthe previous vauein bit 0.
Description

Thisinstruction shifts the bits in a 32-bit register ERd (destination operand) one bit to theright.
Bit 0 shiftsinto the carry flag. Bit 31 shiftsinto itself. Since bit 31 remains unaltered, the sign
does not change.

MSB

A\

LSB

b31 b0 C

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHAR.L ERd 1 {1 | B |oled 1
Notes
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Section 2 Instruction Descriptions

2.258(6) SHAR(L)

SHAR (SHift Arithmetic Right) Shift Arithmetic
Operation Condition Code
— | —| ==t t|0] 1
Assembly-L anguage Format H: Previous value remains unchanged.
SHAR L #2, ERd N: Setto 1 if theresult is negative; otherwise
clearedto 0.
Z. Settolif theresult is zero; otherwise
; cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Longword C: Receivesthe previousvauein bit 1.
Description

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

MSB

A\

LSB

b31 b30 b29 bl bO C

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHARL | #2,ERd | 1 | 1 | F |0lerd 1
Notes
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Section 2 Instruction Descriptions

2259 (1) SHLL (B)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code
— | —|—]—] t| |0
Assembly-L anguage For mat H: Previous value remains unchanged.
SHLL. B Rd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
: cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Byte C: Receivesthe previousvauein bit 7.
Description

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

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 No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHLL.B Rd 1 {00 | 1
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.

Rev. 4.00 Feb 24, 2006 page 210 of 322
REJ09B0139-0400
RENESAS



Section 2 Instruction Descriptions

2.259(2) SHLL (B)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code
— | —|—]—] t| |0
Assembly-L anguage For mat H: Previous value remains unchanged.
SHLL. B #2,Rd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
: cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Byte C: Receivesthe previousvauein bit 6.
Description

Thisinstruction shifts the bits in an 8-bit register Rd (destination operand) two bits to the |eft. Bit
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 No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHLL.B #2, Rd 1 {0 | 4| 1
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.
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Section 2 Instruction Descriptions

2.259(3) SHLL (W)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code
— | —|—]—] t| |0
Assembly-L anguage For mat H: Previous value remains unchanged.
SHLL. WRd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
: cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Word C: Receivesthe previousvaluein bit 15.
Description

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

MSB < LSB

C b15 b0

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHLL.W Rd 1 {0 |1 1
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.
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Section 2 Instruction Descriptions

2259 (4) SHLL (W)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code
— | —|—]—] t| |0
Assembly-L anguage For mat H: Previous value remains unchanged.
SHLL. W #2, Rd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
: cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Word C: Receivesthe previous valuein bit 14.
Description

Thisinstruction shifts the bits in a 16-bit register Rd (destination operand) two bits to the |eft. Bit
14 shiftsinto the carry flag. Bits0 and 1 are cleared to O.

MSB < LSB
0 0 «—O0
C b15 bi14 bl b0

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHLL.W #2, Rd 1 {0 |5 | 1
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.

Rev. 4.00 Feb 24, 2006 page 213 of 322
REJ09B0139-0400
RENESAS



Section 2 Instruction Descriptions

2259 (5) SHLL (L)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code
— | —|—]—] t| |0
Assembly-L anguage For mat H: Previous value remains unchanged.
SHLL. L ERd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
: cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Longword C: Receivesthe previousvaluein bit 31.
Description

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

MSB < LSB

C b31 b0

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHLL.L ERd 1 {0 | 3 |oled 1
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.
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Section 2 Instruction Descriptions

2.259(6) SHLL (L)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code
— | —|—]—] t| |0
Assembly-L anguage For mat H: Previous value remains unchanged.
SHLL. L #2, ERd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
: cleared to O.
Operand Size
P z V: Alwayscleared to 0.
Longword C: Receivesthe previous valuein bit 30.
Description

Thisinstruction shifts the bits in a 32-bit register ERd (destination operand) two bits to the | eft.
Bit 30 shiftsinto the carry flag. Bits0 and 1 are cleared to 0.

MSB < LSB
0 0O [«—0
C b31 b30 bl b0

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHLLL | #,ERd | 1 | 0 | 7 |0lerd 1
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.
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Section 2 Instruction Descriptions

2260 (1) SHLR (B)

SHLR (SHift Logical Right) Shift Logical
Operation Condition Code
—|—|—]—] 0| t]|0]
Assembly-L anguage For mat H: Previous value remains unchanged.
SHLR. B Rd N: Alwaysclearedto 0.
Z: Settolif theresultis zero; otherwise
cleared to O.
: V: Alwayscleared to 0.
Operand Size . . -
P ? C: Receivesthe previousvauein bit 0.
Byte
Description

Thisinstruction shifts the bits in an 8-bit register Rd (destination operand) one bit to the right. The
least significant bit (bit 0) shiftsinto the carry flag. The most significant bit (bit 7) is cleared to 0.

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 No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHLR.B Rd 1 {10 | 1
Notes
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Section 2 Instruction Descriptions

2.260(2) SHLR (B)

SHLR (SHift Logical Right) Shift Logical
Operation Condition Code
—|—|—]|—]0| t|0] 1
Assembly-L anguage Format H: Previous value remains unchanged.
SHLR. B #2,Rd N: Alwaysclearedto 0.
Z: Setto lif theresultis zero; otherwise
cleared to O.
: V: Alwayscleared to 0.
Operand Size . : o
P z C: Receivesthe previousvauein bit 1.
Byte
Description

Thisinstruction shifts the bits in an 8-bit register Rd (destination operand) two bits to the right. Bit
1 shiftsinto the carry flag. Bits 7 and 6 are cleared to 0.

MSB > LSB
0O— O 0
b7 b6 bl boO C

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHLR.B #2, Rd 1 {1 | 4| 1
Notes
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Section 2 Instruction Descriptions

2.260(3) SHLR (W)

SHLR (SHift Logical Right) Shift Logical
Operation Condition Code
—|—|—]—] 0| t]|0]
Assembly-L anguage For mat H: Previous value remains unchanged.
SHLR. W Rd N: Alwaysclearedto 0.
Z: Settolif theresultis zero; otherwise
cleared to O.
: V: Alwayscleared to 0.
Operand Size . . -
P ? C: Receivesthe previousvauein bit 0.
Word
Description

Thisinstruction shifts the bits in a 16-bit register Rd (destination operand) one bit to the right. The
least significant bit (bit 0) shiftsinto the carry flag. The most significant bit (bit 15) iscleared to 0.

MSB > LSB

b15 b0 C

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHLR.W Rd 1 {11 1
Notes
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Section 2 Instruction Descriptions

2.2.60 (4 SHLR (W)

SHLR (SHift Logical Right) Shift Logical
Operation Condition Code
—|—|—]|—]0| t|0] 1
Assembly-L anguage Format H: Previous value remains unchanged.
SHLR W #2, Rd N: Alwaysclearedto 0.
Z: Settolif theresultiszero; otherwise
cleared to O.
: V: Alwayscleared to 0.
Operand Size . : o
P z C: Receivesthe previousvauein bit 1.
Word
Description

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

MSB > LSB
0O—>» 0 0
b15 bl4 bl boO C

Available Registers
Rd: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHLRW | #2,Rd 1 {1 |5 | 1
Notes

Rev. 4.00 Feb 24, 2006 page 219 of 322
REJ09B0139-0400
RENESAS



Section 2 Instruction Descriptions

2.260(5) SHLR (L)

SHLR (SHift Logical Right) Shift Logical
Operation Condition Code
—|—|—]—] 0| t]|0]
Assembly-L anguage For mat H: Previous value remains unchanged.
SHLR. L ERd N: Alwaysclearedto 0.
Z: Settolif theresultis zero; otherwise
cleared to O.
: V: Alwayscleared to 0.
Operand Size . . -
P ? C: Receivesthe previousvauein bit 0.
Longword
Description

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

to 0.
MSB > LSB
0 —»
b31 b0 C
Available Registers
ERd: ERO to ER7
Operand Format and Number of States Required for Execution
Addressing . Instruction Format No. of
Mnemonic | Operands '
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHLR.L ERd 1 {1 | 3 |oled 1
Notes
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Section 2 Instruction Descriptions

2.260(6) SHLR (L)

SHLR (SHift Logical Right) Shift Logical
Operation Condition Code
—|—|—]|—]| 0| t]|]0]
Assembly-L anguage For mat H: Previous value remains unchanged.
SHLR. L #2, ERd N: Alwaysclearedto 0.
Z: Setto lif theresultis zero; otherwise
cleared to O.
: V: Alwayscleared to 0.
Operand Size . : o
P z C: Receivesthe previousvauein bit 1.
Longword
Description

Thisinstruction shifts the bits in a 32-bit register ERd (destination operand) two bits to the right.
Bit 1 shiftsinto the carry flag. Bits 31 and 30 are cleared to 0.

MSB > LSB
0O— O 0
b31 b30 bl boO C

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHLIRL | #2,ERd | 1 | 1 | 7 |oferd 1
Notes
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Section 2 Instruction Descriptions

2261 SLEEP

SLEEP (SLEEP) Power-Down Mode
Operation Condition Code

Program execution state - power-down mode | U H UN Z V C

Assembly-L anguage For mat H: Previous value remains unchanged.
SLEEP N: Previous value remains unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
Operand Size C: Previous value remains unchanged.
Description

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

Available Registers

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
— SLEEP 0 i1 8 | 0 2
Notes

For information about power-down modes, see the relevant microcontroller hardware manual.
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Section 2 Instruction Descriptions

2262(1) STC(B)

STC (STorefrom Control register)

Store CCR

Operation
CCR - Rd

Condition Code

I Ul

H UN Z VvV C

Assembly-L anguage For mat H: Previous value remains unchanged.

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

Operand Size C: Previous value remains unchanged.

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 No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct STC.B CCR, Rd 0 2 0 rd 1

Notes
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Section 2 Instruction Descriptions

2262(2) STC(B)

STC (STorefrom Control register) Store EXR
Operation Condition Code
EXR - Rd | U HUNZV C

Assembly-L anguage For mat H: Previous value remains unchanged.

STC. B EXR, Rd N: Previous value remains unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.

Operand Size C: Previous value remains unchanged.

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 No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Register direct STC.B EXR, Rd 0 | 2 1 {rd 1
Notes
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Section 2 Instruction Descriptions

2.2.62(3) STC (W)

STC (STorefrom Control register) Store CCR
Operation Condition Code
CCR - (EAd) | U HUNZV C

Assembly-L anguage For mat H: Previous value remains unchanged.

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

Operand Size C: Previous value remains unchanged.

Word

Description

This instruction copies the CCR contents to a destination location. Although CCR is a byte
register, the destination operand is aword operand. The CCR contents are stored at the even
address. Undetermined datais stored at the odd address.

Available Registers
ERd: ERO to ER7
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Instruction Descriptions

Section 2

Store CCR

STC (STorefrom Control register)
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Section 2 Instruction Descriptions

2.262(4) STC (W)

STC (STorefrom Control register)

Store EXR

Operation
EXR - (EAd)

Condition Code
I UU H UN Z V C

Assembly-L anguage For mat H: Previous value remains unchanged.

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

Operand Size C: Previous value remains unchanged.

Word

Description

Thisinstruction copies the EXR contents to a destination location. Although EXR isabyte
register, the destination operand is aword operand. The EXR contents are stored at the even
address. Undetermined datais stored at the odd address.

Available Registers
ERd: EROto ER7
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Instruction Descriptions

Section 2

Store EXR

STC (STorefrom Control register)
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Section 2 Instruction Descriptions

2263 STM
STM (STorefrom Multipleregisters) Store Data on Stack
Operation Condition Code

. . N: Previous value remains unchanged.
< >

STM L <register list>, @-SP Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Longword

Description

Thisinstruction saves a group of registers specified by aregister list onto the stack. The registers
are saved in ascending order of register number.

Two, three, or four registers can be saved by one STM instruction. The following ranges can be
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: ERO to ER7
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Section 2 Instruction Descriptions

STM (STorefrom Multipleregisters) Store Data on Stack

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte States
_ (ERN-ERnN+1),
STM.L @-SP 0 1 1 0 6 D F 0§ ern 7
_ (ERN-ERnN+2),
STM.L @-SP 0 1 2 0 6 D F 0: ern 9
_ (ERN-ERnN+3),
STM.L @-SP 0 1 3 0 6 D F 0i ern 11

Notes

When ERY7 is saved, the value after effective address calculation (after ER7 is decremented by 4)
is saved on the stack.
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2264 STMAC

STMAC (STorefrom MAC register)

Store Data from MAC Register

Operation Condition Code
MACH - ERd | UHUNZ V C
or * * *
— | — ==t ] | —
MACL - ERd
Assembly-L anguage For mat H: Prewou; value remains uqchanged. .
) d N: Settolif aMAC instruction resulted in a
STMAC MAC register, ER negative MAC register value; otherwise
cleared to 0.
Z. Settolif aMAC instructionresultedina
) zero MAC register value; otherwise
Operand Size &
clearedto 0.
Longword V: Settolif aMAC instruction resulted in
an overflow; otherwise cleared to 0.

C: Previous value remains unchanged.

Note: * Execution of thisinstruction copiestheN, Z,
and V flag values from the multiplier to the
condition-code register (CCR). If the STMAC
instruction is executed after a CLRMAC or
LDMAC instruction with no intervening MAC
ingtruction, the V flag will be 0 and the N and Z
flags will have undetermined values.

Description

This instruction moves the contents of a multiply-accumulate register (MACH or MACL) to a
general register. If the transfer isfrom MACH, the upper 22 bits transferred to the general register

are asign extension.

Thisinstruction is supported by the H8S/2600 CPU only.

Available Registers
ERd: EROto ER7
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STMAC (STorefrom MAC register)

Store Data from MAC Register

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands )

Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct STMAC |MACH,ERd| O 2 2 iOierd 1*
Register direct STMAC |MACL,ERd| O 2 3 {Oierd 1*

Note: * A maximum of three additional states are required for execution of this instruction within three states
after execution of a MAC instruction. For example, if there is a one-state instruction (such as NOP)

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 relevant

microcontroller hardware manual of the product in question.

Notes
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Section 2 Instruction Descriptions

2.265(1) SUB (B)

SUB (SUBtract binary)

Subtract Binary

Operation
Rd-Rs - Rd

Condition Code

Il UU HUN Z V C

— | — |t | =

!

! ! !

Assembly-L anguage For mat

H: Setto1if thereisaborrow at bit 3;
otherwise cleared to 0.

SUB. B Rs,Rd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z: Setto 1if theresult iszero; otherwise
Operand Size cleared 10 0.
V: Setto 1if an overflow occurs; otherwise
Byte
cleared to 0.
C: Settolif thereisaborrow at bit 7;
otherwise cleared to 0.
Description

This instruction subtracts the contents of an 8-bit register Rs (source operand) from the contents of
an 8-bit 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

Addressing . Instruction Format No. of
Mnemonic | Operands )

Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct SUB.B Rs, Rd 1 8 rs rd 1
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SUB (SUBtract binary) Subtract Binary

Notes

The SUB.B instruction can operate only on genera registers. Immediate data can be subtracted
from general register contents by using the SUBX instruction. Before executing SUBX #xx:8, Rd,
first set the Z flag to 1 and clear the C flag to 0. The following coding examples can also be used
to subtract nonzero immediate data #IMM.
(1) ORC  #H 05, CCR

SUBX #(I MM 1), Rd
(20 ADD #(0-1M), Rd

XORC #H 01, CCR
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2.265(2) SUB (W)

SUB (SUBtract binary) Subtract Binary
Operation Condition Code
Rd - (EAS) - Rd | UHUNZ V C

— = =]ttt

otherwise cleared to 0.
N: Setto1if theresult is negative; otherwise
cleared to O.
Z: Setto 1if theresult iszero; otherwise
Operand Size cleared to O.
V: Setto 1if an overflow occurs; otherwise
Word
cleared to 0.
C: Settolif thereisaborrow at bit 15;
otherwise cleared to 0.

SUB. W <EAs>, Rd

Description

This instruction subtracts a source operand from the contents of a 16-bit register Rd (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

Addressing . Instruction Format No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte ‘ 4th byte | States
Immediate SUB.W #xx:16, Rd 7 9 3 rd IMM 2
Register direct SUB.W Rs, Rd 1 9 rs rd ‘ 1
Notes
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2.265(3) SUB (L)

SUB (SUBtract binary)

Subtract Binary

Operation

ERd — (EAs) - ERd

Condition Code

Il UU HUN Z V C

— =]

— ! ! !

!

otherwise cleared to 0.
SUB. L <EAs>, ERd . . . .
N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Setto 1if theresult iszero; otherwise
Operand Size cleared 10 0.
V: Setto 1if an overflow occurs; otherwise
Longword
cleared to 0.
C: Settolif thereisaborrow at bit 31;
otherwise cleared to 0.
Description

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

Available Registers

ERd: EROto ER7
ERs: EROto ER7

Operand Format and Number of States Required for Execution

Instruction Format

Addressing . No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte ’ 5th byte ‘ 6th byte | States
Immediate SUB.L #xx:32, ERd| 7 A 3 |Olerd IMM 3
Register direct SUB.L ERs, ERd 1 A 1§ers Oierd ‘ ‘ ‘ 1

Notes
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2266 SUBS

SUBS (SUBtract with Sign extension) Subtract Binary Address Data

Operation Condition Code

Rd-1 - ERd | U HUNZV C

Rd-2 - ERd T T T T1_T1_

Rd-4 - ERd

SUBS #1. ERd N: Prev!ous value rema! ns unchanged.

Z: Previous value remains unchanged.

SUBS #2, ERd . A

SUBS #4 ERd V: Previous value remains unchanged.
’ C: Previous value remains unchanged.

Operand Size

Longword

Description

Thisinstruction subtracts the immediate value 1, 2, or 4 from the contents of a 32-bit register ERd
(destination operand). Unlike the SUB instruction, it does not affect the condition-code flags.

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct SUBS #1, ERd 1 B 0 |Olerd 1
Register direct SUBS #2, ERd 1 B 8 |{Ojerd 1
Register direct SUBS #4, ERd 1 B 9 :O:erd 1
Notes
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2.2.67 SUBX

SUBX (SUBtract with eXtend carry)

Subtract with Borrow

Operation Condition Code
Rd—(EAs)-C - Rd | U HUN Z V C
— | — ]t =]ttt

otherwise cleared to 0.
N: Setto 1 if theresult is negative; otherwise

SUBX <EAs>, Rd

cleared to 0.
Z: Previous value remains unchanged when
Operand Size the result is zero; otherwise cleared to 0.
Byte V: Setto1if anoverflow occurs; otherwise

cleared to 0.

C: Settolif thereisaborrow at bit 7;
otherwise cleared to 0.

Description

This instruction subtracts the source operand and carry flag from the contents of an 8-bit register

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 No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate SUBX #xx:8, Rd B rd IMM 1
Register direct SUBX Rs, Rd 1 E rs rd 1
Notes
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2268 TAS
TAS (Test And Set) Test and Set
Operation Condition Code
1 - (<bit 7> of @ERd)
—|—| ==t t|0|—
TAS @ERd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
cleared to O.
Operand Size V: Alwayscleared to 0.
C: Previous value remains unchanged.
Byte
Description

This instruction tests a memory operand by comparing it with zero, and sets the condition-code
register according to the result. Then it sets the most significant bit (bit 7) of the operand to 1.

Available Registers
ERd: ERO, ER1, ER4, ER5

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register indirect TAS @ERd ol 1] E | 0] 7 | B o|erd| C 4
Notes
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2269 TRAPA

TRAPA (TRAP Always)

Trap Unconditionally

Operation

« When EXRisinvalid
PC - @-SP
CCR - @-SP
<Vector> - PC

e When EXRisvalid
PC - @-SP
CCR - @-SP
EXR - @-SP
<Vector> - PC

Condition Code
I UU H UN Z V C

1% | — | —|— —|—|—

Always set to 1.

. Seenote.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.

OsSNzITC™

Assembly-L anguage For mat
TRAPA #x:2

Note: * The Ul bit isset to 1 when used as an interrupt
mask bit, but retains its previous value when
used as auser bit. For details, see the relevant
microcontroller hardware manual .

Operand Size

Description

Thisinstruction pushes the program counter (PC) and condition-code register (CCR) onto the
stack, then setsthe | bit to 1. If the extended control register (EXR) isvalid, EXR is also saved
onto the stack, but bits 12 to 10 are not modified. Next execution branches to a new address given
by the contents of the vector address corresponding to the specified vector number. The PC value
pushed onto the stack is the starting address of the next instruction after the TRAPA instruction.

Vector Address
> Normal Mode Advanced Mode
0 H'0010 to H'0011 H'000020 to H'000023
1 H'0012 to H'0013 H'000024 to H'000027
2 H'0014 to H'0015 H'000028 to H'00002B
3 H'0016 to H'0017 H'00002C to H'00002F
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TRAPA (TRAP Always) Trap Unconditionally

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte | States
Register direct | TRAPA #x:2 5 { 7 |00iMMi O 7%

Note: * Eight states when EXR is valid.

Notes

The stack and vector structure differ between normal mode and advanced mode, and depending on
whether EXR isvalid or invalid.

Rev. 4.00 Feb 24, 2006 page 241 of 322
REJ09B0139-0400

RENESAS



Section 2 Instruction Descriptions

2.2.70(1) XOR (B)

XOR (eXclusive OR logical) Exclusive Logical OR
Operation Condition Code
Rd 0 (EAs) -~ Rd | U HUNZV C
—|— | ==t | 0|—
XOR. B <EAs>, Rd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
cleared to O.
Operand Size V: Alwayscleared to 0.
C: Previous value remains unchanged.
Byte
Description

Thisinstruction exclusively ORs the source operand with the contents of an 8-bit 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

Addressing . Instruction Format No. of
Mnemonic | Operands )
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate XOR.B #xx:8, Rd D rd IMM 1
Register direct XOR.B Rs, Rd 1 5 rs rd 1
Notes
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2.2.70(2) XOR (W)

XOR (eXclusive OR logical)

Exclusive Logical OR

Operation

Rd O (EAs) - Rd

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

Condition Code

Ul

H UN Z V

C

—|—]t| |0

H: Previous value remains unchanged.
N: Setto 1 if theresult is negative; otherwise

cleared to O.
Z: Settolif theresultiszero; otherwise
cleared to O.
Operand Size V: Alwayscleared to 0.
C: Previous value remains unchanged.
Word
Description

Thisinstruction exclusively ORs the source operand with the contents of a 16-bit register Rd
(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

Addressing . Instruction Format No. of
Mnemonic | Operands )

Mode 1stbyte | 2nd byte | 3rd byte ‘ 4th byte | States
Immediate XOR.W #xx:16, Rd 7 9 5 rd IMM 2
Register direct XOR.W Rs, Rd 6 5 rs rd ‘ 1

Notes

Rev. 4.00 Feb 24, 2006 page 243 of 322
REJ09B0139-0400

RENESAS



Section 2 Instruction Descriptions

2270(3) XOR (L)

XOR (eXclusive OR logical)

Exclusive Logical OR

Operation

ERd O (EAs) - ERd

Condition Code

Ul

H UN Z VvV C

— | =]t ] 0|—

Assembly-L anguage For mat H: Previous value remains unchanged.
XOR L <EAs>, ERd N: Setto 1 if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultiszero; otherwise
cleared to O.
C: Previous value remains unchanged.
Longword
Description

Thisinstruction exclusively ORs the source operand with the contents of a 32-bit register ERd
(destination operand) and stores the result in the 32-bit register ERd.

Available Registers

ERd: EROto ER7
ERs: EROto ER7

Operand Format and Number of States Required for Execution

Addressing Instruction Format No. of
Mnemonic | Operands '

Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte ’ 5th byte ‘ 6th byte |States
Immediate XOR.L |#xx:32,ERd| 7 A 5 |Olerd IMM 3
Register direct | XORL | ERs,ERd | 0 | 1 | F | 0 | 6 | 5 ‘Ogers‘ogerd‘ ‘ 2

Notes
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2271(1) XORC

XORC (eXclusive OR Control register)

Exclusive Logical OR with CCR

Operation

CCRO#MM - CCR

Assembly-L anguage For mat
XORC #xx:8, CCR

Operand Size

Byte

Condition Code

OsSNzcITC™

Il UU HUN Z V C
O T I e

Stores the corresponding bit of the result.

. Stores the corresponding bit of the result.

Stores the corresponding bit of the result.
Stores the corresponding bit of the result.
Stores the corresponding bit of the result.
Stores the corresponding bit of the result.
Stores the corresponding bit of the result.
Stores the corresponding bit of the result.

Description

Thisinstruction exclusively ORs the contents of the condition-code register (CCR) with
immediate data and stores the result in the condition-code register. No interrupt requests,
including NMI, are accepted immediately after execution of thisinstruction.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate XORC #xx:8,CCR| 0 5 IMM 1
Notes
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2271(2) XORC

XORC (eXclusive OR Control register) Exclusive Logical OR with EXR
Operation Condition Code
EXRO#MM - EXR | U HUN Z V C

XORC #xx:8, EXR N: Prev! ousvalue rema! ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Byte

Description

Thisinstruction exclusively ORs the contents of the extended control register (EXR) with
immediate data and stores the result in the extended control register. No interrupt requests,
including NMI, are accepted for three states after execution of thisinstruction.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate XORC #xx:8, EXR| O 1 4 1 0 5 IMM 2
Notes
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0Tx9xT t ! T PY3 —TOVIN 4 a PY3“IOVIN OVINLS
0T%9xT t i T PY3 ~HOVIA 4 a PYI'HOVIN OVINLS 6xQVINLS
0T%9xC — || OV —sd3 Z 1 TOVIN'SY3 OVINAT
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T Ot |t |— cepd —cepy - 4 a Pd3 TLON
T Ot |t |— 9TPH ~9TPY - 4 M Pd MLON
T Ot |t |— 8P~ 8PH - Z d P 9'1ON 10N
4 Ot |t |— 2epY3 —gesy3neepy3 14 1 py3‘sy3 140X
€ Ot |t |— 2EPY3 ~ 2eXx#ZeEPH 9 1 py3‘zeXX# THOX
T Ot |t |— 9TPY ~9TSH9TPY Z M py'sd MHOX
4 0|1 | 9TPY ~ 9T XX#[9TPY 14 M PY‘9T:XX# M'HOX
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T Ot |t |— 9TPY ~ 9TSHI9TPH Z M py'sd MWANVY
4 Ot |t |— 9TPYH ~ 9T XX#19TPH 14 M PY'9T:XX# M'ANY
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Section 2

as1

dasin o]

py3'z# 1IX10Y

PY3 17IX10d

Pz MIX10Y

Pd M1X10d

pY'z# 91X10Y

PY g71X10d IX10d

pPY3'2# 1YTHS

PY3 THIHS

pPY'z# MYTHS

Pd MHTHS

py'z# 9 HHS

P GdTHS dTHS

“|lolo|o|o|o|o|«
[

as asW O

py3a‘z# TTTHS

pPd3 TIIHS

pPY'c# M1THS

Pd M TIHS

py'z# 9 1THS

pPY g 1THS TIHS

dasin

pPY3'c# THVHS

PY3 THVHS

PY‘Z# M dVHS

O|l0|0|0|0|0|0|0|0O|0O|0O|l0O|O|O|O|O|O|O|O|O|O|O|O|O

PY M"HVHS

py‘z# 9°HVHS

PY g°dVHS dVHS

G IR R R R Rl Rl R R R Rl R Rl Rl el R Rl K I R R R R R R R Kl R

as1 asW O

I E—

pPY3'2# TIVHS

PY3 TIVHS
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Pd MIVHS
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Instruction Descriptions

Section 2

dasin

py3'z# 1H10Y

pPY3 TH10d

pY'z# MH10Y

PY M'H10Y

py‘z# 99104

pd g'410d

d10d

as1 asn O

py3‘Z# 1110Yd

pPd3 11110d

py‘z# M0

Pd M110d

py‘z# 91109

Pd 971104

1104

pY3'z# 1YX10Yd

PY3 TYX10d

PY'z# MUX10Y

PY M"YX10d
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Section 2

9 — === [(zeee® Jo guy) -] — (ccree® Jo guy) 8 g zeree®@'uy 1ONE
S — === [(9T:ee® Jo guUY) -] ~ (9T ER® JO BUY) 9 g 9T'eE®'UY 1ONE
2 - === [(8ee® jo guy) -] ~(8:ee® Jo 8uUY) ¥ ] g'ee®'uy 1ONg
v — === [(P43® J0 8uy) -] ~ (PYID Jo guY) 2 ] pYI®'uy LONg
T —|—=]—1— [(8pY Jo guy) -] ~(8pY Jo guY) z ] py‘ud 1ONd
9 — === [(zeee® Jo £:xx4) -] ~ (z€@RD JO £:XX4) 8 ] ZeeR@ e IXX# 1ONE
S — === [(91:eR® Jo £:XX#) -] ~ (9T:€R® JO EXXH) 9 g 9TeR® ‘EIXX# LONE
v — === [(8ee® Jo £xx#) -] ~ (8eRD JO £:XXH) 14 g 8ee®'e:XX# LONg
v — === [(Py3® J0 £:xx#) -] ~ (PYID JO EXXH) 2 ] pYI® ‘€:Xx# LONE
T —|—=]—1— [(8pY 40 £:xx#) =] ~ (8PY JO E:XX#) z g py‘eXx# 1ONg 1ONg
9 — === 0~ (zeee® Jo guy) 8 ] zeree@'uy Y109
S — === 0~ (9T:ER® JO BUY) 9 g 9T'EE®'UY ¥109
4 — === 0~ (8'ee® 4o guy) 14 g g'ee®'uy ¥10d
4 — === 0~ (P43 ® 4o 8uy) 4 g pY3®@'ud ¥109
T — === 0~ (8P 4o guy) z E] py'uy Y1049
9 — === 0~ (ceee® Jo £xx4) 8 g zeeR®@ CIXX4 Y109
S ——|—]= 0~ (9T'eR® JO £:XX4) 9 [ oTeR® € XX# Y109
v - = —— 0~ (8'ee® 4O £:XX#) ¥ ] 8@ 'EXX# Y109
4 — === 0~ (PYID 40 £:X%%#) 4 g pY3@ e:xXx# Y109
T —|—=]—1— 0~ (8P 40 £:X%#) z g py'exx# Y109 d1089
9 — === 1~ (zeee® Jo guy) 8 g zeree@'uy 13s9
S - === T~ (9T:ER JO BUY) 9 ] gTIER® UY 1359
4 el Rt el e 1~ (8:ee® Jo 8UY) 14 g gree®@'uy 1359
4 — === T~ (p43® 4o 8uy) 4 g py3®@‘uy 13s9
T — === T~ (8pY Jo guy) 4 g py'uy 13s9
9 — === 1~ (zeer® Jo £1Xx#) 8 g zeee@ eixXx# 1359
S ——=|—=]= T~ (91D JO £:Xx#) 9 q 9T:eR® EXX# 1359
v - ——— T~ (8'€e® 4O £:XX%) ¥ ] 8:ee® eXx# 1359
4 — === T~ (PU3® 40 £:X%#) v E] pPY3O@ EXx# 1359
T — = —|— T~ (8PY JO £1XX#) 4 g py'exx# 1359 13s9
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Section 2

9 — === (zeee®@ Jo €Xx#) — O - 8 g zeeR@ eXx# 1519
S - === (9T2R® JO EXXH) ~ D - 9 ] 9TER® EIXX# 1SI9
v - === (872R® JO EXXH) ~ O - 2 ] 8:ee® 'eXxX# 1519
I — === (7ZPH3® JO EXX#) — O - v ] pYI@ ‘X% 1519
T —|—=]—=]—= (8P JO EXx#) =0 - z ] py‘exx# 1SI9 1s19
9 — === (zeee® Jo £xXxX4) O 8 El zZeeR@ eIXX# 1S9
S - === (91R® JO EXXK) ~ D 9 ] 9TER® ‘EIXX# 1SE
2 - === (82R® JO EXXH) ~ O ¥ ] 8@ 'EXX# 1S9
4 —|—]—]— (rZPH3® J0 £Xx#) — O v ] pYI@ €Xx# 1S9
T — === (8PY 4O £:Xx#) =D z g py'exx# 1S9 1s49
S - === O (ceee® Jo exxy) - 8 g zeeR@ eXx# a1lg
2 - === D (9T:ERD JO EIXXH) - 9 ] 9TER@ EXX# ATIE
3 — === O (geR® Jo £:xXx#) - ¥ ] gee® ‘eXx# Q19
€ — == 0 (pH3D Jo £XxH) - v E] pYI@‘eXX# ATlg
T — === O (8PY JO £:Xx#) - z g py'exx# alg alg
S - === O (zeeed Jo £:Xx#) 8 g zeee@ 'eXx# a9
2 - === O (9TeR® JO E:XX#) 9 ] gTIER® EIXX# ATd
€ — === O (8eR® JO £:XX#) ¥ ] grer@ 'eXx# A9
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S — = —|— O [(ceee® Jo exx#) = 11D 8 g zeee®@ eXx# HoXI9
¥ — === O [(91eR® JO £XXH) = 1D 9 ] 9TeR® E:XX# YOXIE
€ — === O -[(geed jo exx4) - 1D ¥ g g:eR® '€:XX# HOXId
€ - === 0 [(rzpya® Jo exx#) - 110 ¥ g PYIO@ E:Xx# YOXIF
T — === 0= [(8py Jo gxx#p) - 1D z ] py‘exXX# YOXId yoxig
S - === O+ (ceee® Jo exx#)00 8 ] zeeR® £ XX HOXd
¥ — = —— O (9T:ER® JO EXX#)1D 9 ] 9T:ER®)'E1XX# HOXd
€ — == 0 (g8eR® Jo XX 1D v ] 8:ee® '€XX# HOXd
€ —|—=]—1— 0= (rZpH3® Jo XD 2 ] pPHI® €Xx# HOXE
T — === O (8pY JO €Xx#) D 4 g pY'eXx# HOXg doxg
S — === O [(ceer® Jo €xx#) - 1O 8 g ZeEeR@ EXXE YOI
¥ — === O [(91eR® JO EXX#) - 11D 9 g 9TeR® EIXX# YOI
€ — === O -l(gee® jo exxt) - 1O ¥ g 8'er® €:XX# YOI
€ - === 0 [(rzpya® Jo gxx#) - 1D v ] pPYID ‘€Xx# YOI
T — === o< [(8py Jo gxx#) - 11D 4 g py‘EXX# Yol yolg
S — = —— O+ (ceee® Jo :exx#)10 8 ] zereR® g iXx# HOd
¥ — == O (9T'ERD JO :EXXH)ID 9 ] 9T:ER®€1XX# HO9
€ — === 0= (g8eR® JO :eXX#1D v ] 8'ee® '€ XX# Y09
€ — | —=]—1— 0= (#ZpH3® JO £XX#1D v g pPHI®@ €:Xx# HOd
T — === O (8PY JO EXX#)1D 4 g py'exx# Hog dog
S — === O l(zeree® Jo exx#) = 110 8 ] Zeee® 'eIXX# ANVIE
¥ — === O [(91eR® JO £XX#) = 11D 9 g 9T'eR® €:XX# ANVIE
€ — === O -l(gee® jo exxt) - 1O ¥ g g'er®'€:Xx# ANVIE
€ - === 0 [(rzpya® Jo gxx#) - 1o 2 ] pPYID €Xx# ANVIE
T — === 0+ [(8py Jo gxx#) - 11D 4 g pY'EXX# ANVIE anvig
S — = —— O+ (ceee® Jo exx#)10 8 ] zeeR® EXx# ANVE
v — == O (9TERD JO EXXH)ID 9 ] 9T:ER® EIXX# ANVE
€ —|—=]—1— 0~ (geR® Jo X110 4 g 8:ee® ‘€:XX# ANV
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9T:p 319

€ 14
z ——=]—=[—]—| t=(nonnz z - 8:p 34
< T === v — 9T:p 19d
z — ===~ o=(rDnpzZ ¢ - 8p 199
< T === v — 9T:p 119
z e e e T=AON z — 8:p 179
< === v — 9T:p 399
z — [ —=—=]=]—= 0=AON z — 8:p 399
< T === v — 9T:p ING
z T === =N z — 8:p INg
< === v — 9T:p 1dg
z === 0=N z — 8:p 1dg
< === v — 9T:p SAD
z T === T=A z - 8:p SAg
< T === v — 9T:p ONE
z === 0=A z — 8:p OAg
s === I3 — 9T:p O3d
z === 1=7 z — 8:p 039
< T === v — oT:p INg
z T === 0=2 z — 8:p INg
€ g ey e e p— I3 — (9T:p 019)9T:P S04
z = === =0 z — (8:p 019)8:P SO8
s === I3 — (91T:p SHE)9T:P D09
z === 0=0 z — (8:p SHa)8:p 00d
< g ey R — p— v — 9T:pSIg
z g oy R — p— 1=710 z — 8:pS1g
< === v — 9T:P IHE
z T === 0=219 z - 8:p IHg
s === I — (9T:p 49)9T:P NYg
Z g ey e e p— J9MON ‘xau as|d z — (8:p 49)8:p N4
€ — | —=—=]—=1— p+0d~0d v — (91:p 18)9T:p VHd
z — = === skemjy | Uay} anJ} S| UOHIPUOD JI z — (8:p 19)8:p Vg 20d
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S Iz — === +dS®~0d | ¢ — S1d S1d
9 2 —|—=]—1— 8'ee~0ddS—® ~ Od z — 8'ee@® HSC
S 4 — === vZee~0ddsS—-® < Od 14 — vZee® ¥sre
¥ € - === uy3~0ddS—-® -~ Od z — uy3I® YSC ysr
S Iz - ——— 9T:p+0d > 0d'dS—®@ <~ Od 2 — 9T:p ¥Se
v € — == 8:p+0d = 0d'dS—® ~ Od z — 8:p ¥sq dsa
S 2 —|—=]—=1— 8ee® ~ Od z — 8:'ee®@® dNC
€ — === vzree—0d v — vZee® dne
z — == w3~ 0d z — uy3® dINC dINC
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3 — | —=—=]—1— yx3 - zeee® 8 M yx3'zeee® 0a1
S R EEERE ¥0D ~zeee® 8 M ¥00o'zeee® Oa1
4 — === yx3 - 9Tee® 9 M yx3'9Tee® 0a1
¥ R EEERE ¥0D ~9Tee® 9 M ¥00'9T:ee® OQ1
4 — === Zesy3 — Z+2esy'YXI ~ sYIAD® 4 M Ux3'+sy¥3® Oa1
¥ R ERE 2esY3 ~ 2+2€sY'YOD ~ sYIAD® v M ¥00'+s43I® 0a
9 — === dx3 -~ (sy3'zep)®@ 0T M Ux3'(sy3'zep)@ 0a
9 R ERERE YOO~ (sy3'zen)® 0T M ¥00'(sy3'zep)@ 0a
4 — === Ux3 -~ (s43'9T:P)@ 9 M Ux3'(sy3'9T:P)@ Oa
v R ERE HOD ~ (s¥3'9T:P)® 9 M ¥00'(sy3'9T:p)@ Oa
€ — === EYERECE) I M Yx3'sy3® 0a
€ R ERE Slolo RS () 2 M ¥00'sy3® Oa1
T — === yx3—8sy 4 g yx3'sy 0an
T R ERE YOO~ 8sy 4 g ¥00'syd 0a
z —T=T=1T=1= UXT — §IXX# 4 g UX3'82# 041
T R U0~ 8Xx# 4 g HOO'8:Xx# a1 oal
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Instruction Descriptions
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T — | —=]—=1— 2+0d~0d — dON dON
z — === UX3 —8xx#IYX3 v g UXT'8Xx# DHOX
1 I ERERE 0D~ 8XX#40D z q UOD'8iXx# DHOX 240X
z - === UXI — 8xx#IEX3 v ] YXI'8:Xx# DHO
T I ERERE YOO~ 8XX#IHOD z ] HDD'8:Xx# DHO 240
z —|—=]—=1— UX3 — 81X 4 g UX3'8Xx# DANY
T ERERE YO0~ 8 IYDD z g ¥OD'8:xx# DANY 2aNY
5 - === zerer® — ux3 8 M zeree® yX3 O1S
S — = —— zeree® —¥00 8 M ze®e® YO0 O1S
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Operation Code Map

2.5

Table 2.3 shows an operation code map.

Operation Code Map (1)

Table2.3
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Operation Code Map (2)

Table2.3
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Operation Code Map (3)

Table2.3
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Operation Code Map (4)

Table2.3
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2.6 Number of States Required for Instruction Execution

The tables in this section can be used to calculate the number of states required for instruction
execution by the CPU. Table 2.5 indicates the number of instruction fetch, data read/write, and
other cycles occurring in each instruction. Table 2.4 indicates the number of states required for
each cycle, depending on its size. The number of states required for each cycle depends on the
product. See the hardware manual named for the relevant product for details. The number of states
required for execution of an instruction can be calculated from these two tables as follows:

Execution states=1 xS +JIxS+K xS +L xS +M xS, +N xS

Examples: Advanced mode, program code and stack located in external memory, on-chip
supporting modules accessed in two states with 8-bit bus width, external devices accessed in three
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 states required for execution=2x4+2x2=12
2. JSR @@30
From table 2.5:
I=J=K=2, L=M=N=0
From table 2.4:
S=S=57=4

Number of states required for execution=2x4+2x4+2x4=24
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Table2.4 Number of Statesper Cycle
Access Conditions
On-Chip Supporting External Device
Module 8-Bit Bus 16-Bit Bus
On-Chip  8-Bit 16-Bit 2-State  3-State 2-State  3-State

Cycle Memory Bus Bus Access Access Access Access
Instruction fetch S, 1 2n n 4 6 +2m 2 3+m*
Branch address read S,
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 1

N

Note: * For the MOVFPE and MOVTPE instructions, refer to the relevant microcontroller hardware

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 specific number,
refer to the relevant microcontroller hardware manual.
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Table25 Number of Cyclesin Instruction Execution

Branch
Instruction Address  Stack Byte Data Word Data Internal
Fetch Read Operation Access Access Operation

Instruction  Mnemonic | J K L M N

ADD ADD.B #xx:8,Rd
ADD.B Rs,Rd
ADD.W #xx:16,Rd
ADD.W Rs,Rd
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

Bce 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

NN NN RNNNRNNMNNMNNDNNNNDONNRIN RPN ONERRPRR(RIP RN R PR
S i N
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Instruction

Mnemonic

Branch

Instruction Address
Fetch Read

Stack
Operation

Byte Data Word Data Internal

Access

Access Operation

J

K

L

M N

Bcc

BLE d:8

BRA d:16 (BT d:16)
BRN d:16 (BF d:16)
BHI d:16

BLS d:16

BCC d:16 (BHS d:16)
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

e e

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

i

BILD

BILD #xx:3,Rd
BILD #xx:3,@ERd
BILD #xx:3,@aa:8
BILD #xx:3,@aa:16
BILD #xx:3,@aa:32

AW NN PRP[D WOWNDNDERIDAE ODNMDNDEDDODNMDNDPRPINMDNMNDNDDNDNDNDDNDNDDNDDNDNDDNDNDDNDNDNDDNDN

L
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Branch
Instruction Address  Stack Byte Data Word Data Internal
Fetch Read Operation Access Access Operation

Instruction Mnemonic | J K L M N

BIOR BIOR #xx:8,Rd
BIOR #xx:8, @ERd
BIOR #xx:8,@aa:8
BIOR #xx:8,@aa:16
BIOR #xx:8,@aa:32

i

BIST BIST #xx:3,Rd
BIST #xx:3,@ERd
BIST #xx:3,@aa:8
BIST #xx:3,@aa:16
BIST #xx:3,@aa:32

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

i

BLD BLD #xx:3,Rd
BLD #xx:3,@ERd
BLD #xx:3,@aa:8
BLD #xx:3,@aa:16
BLD #xx:3,@aa:32

N

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

L

BSET BSET #xx:3,Rd
BSET #xx:3,@ERd
BSET #xx:3,@aa:8

N N PR W NN ERPIEAE ODNMDNDE DA ODNMDNDPRPSEONMDNDPRPRPDEOGNNERIEE ONDMDNDPRPA®AE®ONDNDPR
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Instruction Descriptions

Instruction

Mnemonic

Branch

Instruction Address
Fetch Read

Stack

Byte Data Word Data Internal
Operation Access

Access Operation

J

K

L

M N

BSET

BSET #xx:3,@aa:16
BSET #xx:3,@aa:32
BSET Rn,Rd

BSET Rn,@ERd
BSET Rn,@aa:8
BSET Rn,@aa:16
BSET Rn,@aa:32

2

N N NN

BSR

BSR d:8 Normal

Advanced

BSR d:16 Normal

Advanced

N P[NP

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

L

L

BXOR

BXOR #xx:3,Rd
BXOR #xx:3,@ERd
BXOR #xx:3,@aa:8
BXOR #xx:3,@aa:16
BXOR #xx:3,@aa:32

N

CLRMAC*®

CLRMAC

*3%6
1

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 W RPN PR P[P ODNMNDNDERPE ODNMNNDE DA ODNMDNDERPDEONMDNDPRPINIDIDIDIAE WNDNPRP MW
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Instruction Descriptions

Instruction

Mnemonic

Branch

Instruction Address
Fetch Read

Stack
Operation

Byte Data Word Data

Access

Access

Internal
Operation

J

K

L

M

N

DAA

DAA Rd

DAS

DAS Rd

DEC

DEC.B Rd
DEC.W #1/2,Rd
DEC.L #1/2,ERd

DIVXS

DIVXS.B Rs,Rd
DIVXS.W Rs,ERd

11
19

DIVXU

DIVXU.B Rs,Rd
DIVXU.W Rs,ERd

11
19

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 @ERn
JMP @aa:24

JMP @@aa:8 Normal

Advanced

JSR

JSR @ERnN Normal

Advanced

JSR @aa:24 Normal

Advanced

JSR @@aa:8 Normal

Advanced

NP |INI P NP

LDC

LDC #xx:8,CCR
LDC #xx:8,EXR

LDC Rs,CCR

LDC Rs,EXR

LDC @ERs,CCR

LDC @ERSs,EXR

LDC @(d:16,ERs),CCR
LDC @(d:16,ERs),EXR
LDC @(d:32,ERs),CCR
LDC @(d:32,ERs),EXR

g ol W W NN R PN BRPINININNDNNNRNNDNRERERPRP[R RP[P RPN DNERPRPINDNRPRPRP P[RR

i
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Instruction

Mnemonic

Instruction
Fetch

Branch
Address
Read

Stack
Operation

Byte Data Word Data
Access

Internal

Access Operation

J

K

L

M N

LDC

LDC @ERs+,CCR
LDC @ERs+,EXR
LDC @aa:16,CCR
LDC @aa:16,EXR
LDC @aa:32,CCR
LDC @aa:32,EXR

1
1

i

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

*3%6
1

*3%6
1

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

P W N RPN PRP P DNDNODNMNRPRP P BAEDNDNPEPE ODNRPRPRPDEDNDEPRPPRPRINPERPINDNDDNDEDD®WDNNDN

L N N N e T e

L T
-
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Instruction Descriptions

Instruction

Mnemonic

Instruction
Fetch

Branch
Address
Read

Stack
Operation

Byte Data Word Data
Access Access

Internal
Operation

J

K

L M

N

MOV

MOV.W Rs,@(d:16,ERd)
MOV.W Rs,@(d:32,ERd)
MOV.W Rs,@-ERd
MOV.W Rs,@aa:16
MOV.W Rs,@aa:32
MOV.L #xx:32,ERd
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

s

N N NN DN DN DNDNDNDNDNDNDNDDN

MOVFPE

MOVFPE @:aa:16,Rd

1*2

MOVTPE

MOVTPE Rs,@:aa:16

1*2

MULXS

MULXS.BRs,Rd  H8S/2600
H8S/2000

*3%6
2

11

MULXS.W Rs,ERd H8S/2600

H8S/2000

*3%6
3

19

MULXU

MULXU.B Rs,Rd  H8S/2600

H8S/2000

*3%6
2

11

MULXU.W Rs,ERd H8S/2600

H8S/2000

*3%6
3

19

NEG

NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP

NOP

NOT

NOT.B Rd
NOT.W Rd
NOT.L ERd

P P RPIRPP P PP P[P PFPINDDNDNDNNNDNDDE ODNDOO®®NDDONOOWNEROWDNDRPRMNDN
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Branch
Instruction Address  Stack Byte Data Word Data Internal
Fetch Read Operation Access Access Operation

Instruction  Mnemonic | J K L M N

OR OR.B #xx:8,Rd
OR.B Rs,Rd
OR.W #xx:16,Rd
OR.W Rs,Rd
OR.L #xx:32,ERd
OR.L ERs,ERd

ORC ORC #xx:8,CCR
ORC #xx:8,EXR

POP POP.W Rn
POP.L ERn

PUSH PUSH.W Rn
PUSH.L ERn

N R[N P
[ e I S

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** 1

RTS RTS Normal

NIN(N R P P R R R(RPR R PR RRPIRRERRRPRRBRR R RRERPRERERIN PINPINRINWOWRN R PR

Advanced
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Instruction Descriptions

Instruction

Mnemonic

Branch

Instruction Address
Fetch Read

Stack
Operation

Byte Data Word Data

Access

Access

Internal
Operation

J

K

L

M

N

SHAL

SHAL.B Rd
SHAL.B #2,Rd
SHAL.W Rd
SHAL.W #2,Rd
SHAL.L ERd
SHAL.L #2,ERd

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

AR W W NNO OO ®W®WNNRRRPRPRRRRR(R P RRPR(RPRRP R R RPRRPR R R R R R

e i e T e T T = =
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Instruction

Mnemonic

Branch

Instruction Address  Stack Byte Data Word Data Internal
Fetch Read Operation Access Access Operation

J K L M N

ST™M

STM.L (ERn-ERn+1), @-SP
STM.L(ERN-ERnN+2),@-SP
STM.L(ERN-ERnN+3),@-SP

4 1
6 1
8 1

STMAC™®

STMAC MACH,ERd
STMAC MACL,ERd

*3%6
0

*3%6
0

SuB

SUB.B Rs,Rd
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

1 2/3** 2

Advanced

2 2/3** 2

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

RPN W R NP RPNNNNRR[RRPR ®O®RNR[R RN

XORC

XORC #xx:8,EXR

2

Notes: 1.

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, depending on the

preceding instruction.

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
These instructions are supported by the H8S/2600 CPU only.

The number of states may differ depending on the product. For details, refer to the
relevant microcontroller hardware manual of the product in question.
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2.7 Bus States During I nstruction Execution

Table 2.6 indicates the types of cyclesthat occur during instruction execution by the CPU. See
table 2.4 for the number of states per cycle.

How to Read the Table:

Order of execution

Instruction 1 2 3 4 5 6 7 8 9

IMP @aa:24 R:W2nd |[emaloperation, .y ga
L End of instruction

Read effective address (word-size read)

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

wW:wW 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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Figure 2.1 shows timing waveforms for the address bus and the RD and WR (HWR or LWR)
signals during execution of the above instruction with an 8-bit bus, using three-state access with
no wait states.

0 | | o | |
Address bus :X X X X X

| 3
]
]

WR (HWR or ‘
LWR) High level
R:W 2nd Internal R:W EA
‘ operation ‘
w<—>l<—>: :<—>l<—>:
Fetching Fetching | Fetching Fetching
3rd byte 4th byte 1st byte of 2nd byte of
of instruction of instruction instruction at instruction at

jump address  jump address

Figure2.1 AddressBus, RD, and WR (HWR or LWR) Timing
(8-Bit Bus, Three-State Access, No Wait States)
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Instruction Execution Cycles

Table2.6

vI M 1X3IN MY 8:p 199
v M 1X3N M 8p 11d
vI M 1X3N MY 8:p 399
va M 1X3aN M 8P INg
VI M 1X3N M 8:p 1dg
va M 1X3aN M 8:p SAd
v M 1X3N M 8:p OAg
va md 1X3aN M 8:p 039
v3a M 1X3N M 8:p aNg
vI M 1X3N M (8:p 0119) 8:p S04
vamy AX3IN M (8:p SHA) 8:p 009
v M 1X3N MY 8:psig
va M 1X3aN M 8:p IHE
vamy AX3IN MY (8:p 49) 8:p Nyg
vamy AX3IN MY (8:p L9) 8:p Vg
LX3aN M v3 a U M pig M puz m:d zeee® exx# ANVE
LX3aN MY v3 ay pIE MY puz m:d 9T:eR® ‘EXX# ANVE
LX3aN M va gy puz m:y 8:eR® € XX# ANVE
LX3aN M v3 ay puz m:d PHI®@ € XX# ANVE
1X3aN M pY‘€X# ANVE
1X3N MY puz m:d UX3'8xXx# OANY
1X3aN M ¥00'8:xx# DANY
1X3N M puz m:d py3‘'sy¥3 TANY
LX3aN M pIE MY puz m:y pPYI‘ZEXX# TANY
1X3N M py'sd MANY
1X3IN MY puz m:d PY‘9TXX# M'ANY
1X3N M py‘sy 9'aNY
1X3N MY py‘gx# 4'ANY
1X3aN M py‘sy xaavy
1X3N M py‘g Xaav
1X3aN M py3'v/e/T# Saav
1X3N M py3‘'s¥3 Taav
LX3aN M pIgE MY puz m:d py3‘zEXX# 1'aQvY
1X3aN M py'sy maav
1X3N MY puz m:d pY‘9TXX# M'AAY
1X3aN M py‘sy 9:aav
1X3N M py‘gxx# 4'aav
S 14 € 4 T uononusuy|

Rev. 4.00 Feb 24, 2006 page 292 of 322

REJ09B0139-0400

RENESAS



Instruction Descriptions

Section 2

vagm 1IX3IN M v3a gy pig M puz m:d 9T:ER®) '€:XX# Y109
vaam 1X3IN M v3 g puz m:d 8:ee®@'e:Xx# 4109
v3aam 1X3IN M v3 g puz m:d pH3@'€:Xx# Y109
1IX3IN MY py'eXx# ¥109
awes 1
V3 MY [uonelado jeusai| puz m:d 9T:p 3719
oIS T
V3 M:Y [uonelado reussju| puz m: 9T:p 199
oIS T
V3 M:Y [uonelado feusaju| puz m:y 9T:p 119
oIS T
V3 M [uonesado feusaiu) puz m:d 9T:p 394
alels T
V3 M [uonesado feusau) puz m:d 9T:P ING
alels T
v3 M:d['uonesado [eulaj| puz m:d 9T:p 1d4
arels T
v3 M:d ['uonesado feussiu| puz m:d 9T:P SAd
alels T
V3 MY [uonelado jeusaiu| puz m:d 9T:p ONd
arels T
V3 M:Y [uonelado reussiu| puz m:d 91:p 039
oIS T
V3 M:Y [uonelado feusaju| puz m:d 9T:p ANG
oIS T
V3 M:d [uonesado [eusaiu] puz m:d (91:p 079) 9T:p SO4
oIS T
v3 M:d [uonesado feussiug puz m:d (9T:p SHA) 9T:p 004
arels T
V3 M:Y [uonesado reusaiuj puz m:y 9T:p S1d
arels T
V3 M:d [uonesado feussiuj puz m:d 9T:P IHE
arels T
V3 MY [uonesado [eusaiu] puz m:d (9T:p 49) 9T:p NYg
oS T
V3 MY [uonelado jeusai| puz m:d (9T:p 19) 9T:p V44
va M IX3IN M 8:p 314
14 € Z T uononusul
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1X3aN M

py'e:xx# 1ONG

1IX3IN M v3a gy U Mo piEe M puz m:d zeree@ eixx# Ald

1X3aN M v3 g™ pig M puz m:d gTeR@ 'EXX# 19

1IX3IN M v3 g puz m:d gree®@ eixx# ald

1X3aN M V3 g puz m:d py3@'e:xXx# A9

IX3aN M py‘exx# ald

1IX3IN M v3 gy U Mo pig M puz m:d zeree@ x4 HoxIg

1IX3IN M v3 g pie M puz m:d 9TER® E:XX# YOXI9

1X3IN M v3 g puz m:d 8:eRr® e IXX# HOXId

1X3aN M V3 a:d puz m:d PHI@ EXx# HOXIg

IX3IN M py'exx# JoxX19

v3am 1X3IN M v3 g™ U Mo pig M puz m:d zeree@ eixXx# 1S1d

v3am IX3IN M v3 ad pige M puz m:d oT'ER®'EIXX# 1S19

Y3 am 1X3IN M v3 gy puz m:d g:eR® e IXX# 1SI9

v3aam 1IX3IN M v3 g puz m:d PHIA®@ EXX# 1S19

AIX3IN MY py‘exx# 1S19

1X3IN M v3 gy U m:d pig M puz md zeree@ exXx# Jold

1IX3IN M v3 g pie M puz m:d 9TER@ EXX# YOIg

1X3aN M V3 a:d puz m:d gee®'e:Xx# HOld

1IX3IN M v3 g puz m:d PHIAD'exx# Yold

IX3IN M py'EXX# Holg

IX3IN M v3 gy Uy Mo pie M puz m:d zeree@ exx# allg

1X3IN M v3a gy pig M puz m:d 9T:eR® EXX# ATld

1X3aN M v3a gy puz m:d g'ee®@'e:XX# Q119

1X3IN M v3 g puz m:d pHIA@‘eXx# ATlg

1IX3IN M py'exx# allg

IX3IN M v3a gy U Mo pig M puz m:d zeree®@'exXx# ANVId

1X3IN M v3 g pig M puz m:d 9T:ee® E:XX# ANVIE

1IX3IN M v3 g puz m:d 8ee®'eXX# ANVId

1X3IN M v3 gy puz m:d pH3I@'€:Xx# ANVIE

IX3IN M py‘eXx# ANVIg

vagm 1IX3IN M v3a gy U Mo piEe M puz m:d zeree®@'uy ¥109

v3a am 1X3IN M v3 gy pIg M puz m:d 9T:ee® Uy Y109

v3aam 1X3IN M v3 g puz m:d gree®'uy y104d

v3aam 1X3aN M V3 a:d puz m:d pYI® Uy Y109

IX3aN M py‘uy ¥109

vagm 1X3IN M v3a gy U Mo pig M puz m:d zeree®@ eixxy 4109
S 14 € 4 T uononsuy|
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1X3IN M v3 gy puz m:d pHI@'EXx# 1S19
IX3aN M py'exx# 1s19
vagm 1IX3IN M:d v3a gy U Mo pig M puz m:d zeree@ x4 1S9
v3a am 1X3IN M v3 gy pig M puz m:d 9Tee® 'EIXX# 1S9
v3aam 1IX3IN M v3 g puz m:d gree®@ eixx# 1S9
v3aam 1X3aN M V3 a:d puz m:d py3@'e:Xx# 1S9
IX3aN M py'exx# 1S9
ajels T
(1) oIS MM (H) >29e1s MM v3 M:d ['uonesado feussiu| puz My | paosueApy
ajels T
joe1s MM V3 MY [uonesado [eusaiu] puz m:d [eWION 9T'p US4
() 3%0rIS MM | (H) >10BIS MM va M 1X3N M| pasueApy
AoeIs MM vamd 1IX3IN M [eWION 8:p ¥sd
v3am IX3IN M v3 gy U Mo pig M puz m:d ceree®@'uy 13sd
v3agm 1X3IN M v3a gy pig M puz m:d 9T:ER®'UY 1359
vaam 1IX3IN M v3 g puz m:d gree@'uy 13s9
Y3 am 1X3IN M v3 gy puz m:d py3I®@‘uy 13s9
1IX3IN MY py'uy 1359
vagam 1IX3N M v3a gy U Mo pig M puz m:d zeree@ eixx# 1359
v3am 1X3IN M v3 g™ pig M puz m:d 9Tee@ EXX# 1359
v3aam 1IX3IN M v3 g puz m:d gree®@'eixx# 13549
v3aam 1X3aN M V3 g puz m:d pH3@'e:xx# 1359
IX3IN M py'exx# 1359
1IX3IN M v3 gy U Mo pig M puz m:d zeiee® eiXx# Hod
1IX3IN M v3 g pie M puz m:d 9T:ee® '€:XX# HO4d
1X3IN M v3 g puz m:d 8'eR® '€ IXX# HOd
1X3aN M V3 gy puz m:d pPH3I@ €:Xx# HOg
IX3IN MY py‘exx# Jod
v3am 1X3IN M v3 g™ U Mo pige M puz m:d zeiee®'uy 10Ng
v3am IX3IN M v3 g pie M puz m:d 9T'ER®@'UY LONE
v3am 1X3IN M v3 gy puz m:d gree®@'ud 1ONg
v3aam 1IX3IN M v3 g puz m:d pya®‘uy LONd
IX3IN MY py‘ud 1ONd
v3am 1X3IN M v3 gy U Mo pig M puz m:d zeree@ XX LONG
v3am 1IX3IN M v3 g pig M puz m:d 9TER@ EXX# LONd
v3aam 1X3aN M V3 a:d puz m: g:'ee®'e:xx# LONg
v3aam 1IX3IN M v3 g puz m:d PHID'E:XX# LONd
9 S 4 € 4 T uononnsu|
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1X3aN M PY @'ONI
1X3IN M pd3a 1T'NLX3
1X3aN M Pd M'NLX3
1X3IN MY pd3a 1's1X3
0 g,S9WN u payeaday [~ 1X3aN M PY M'S1LX3
1X3IN MY z. PVa M z.Sv3a g 1. Pv3a gy 1, Sv3 9y puz md MAONd33
1X3IN M Z, PY3 g'M z,Svaad 1, Pv3 gy 1.Sv3 gy puz m:d dANONWd33
sajels 6T ‘uopesado [eusdiu] 1IX3IN MY pya3‘'sd M'NXAIQ
sajels TT ‘uonesado [eusaju] 1X3IN M py‘sd g'NXAId
sajels 6T ‘uonesado [eusdiu] 1X3aN M puz m:d py3a‘'sd M'SXAIQ
sajels TT ‘uonesado [eusaju] AIX3IN M puz m:d py'sy g'sXAId
1X3aN M pY3'2/T# 1034
1IX3IN MY py‘z/T# MO3A
1X3IN M pd @03d
1IX3IN MY pd sva
1X3IN MY pd vva
1X3aN M pPY3'syY3 1dND
1X3aN M pig M puz m:d pY3'zEXXH# TdIND
1X3aN M pY'sd MdND
AIX3IN MY puz md PY'9T:XX# MdWD
1X3IN M py'sd 9diND
1IX3IN MY PY'8:XX# adND
6x90€1S T

‘uonesado [eusajul 1X3aN M *OVINYTO
1X3aIN MY v3a g™ Uiy Mo pig M puz m:d ZeeR@ EXX# HOXd
1X3IN Md v3a g pig M puz m:d 9T'eR®)'E:XX# HOXE
1X3aN M v3a gy puz m:d g'ee®@'e:Xx# HOX49
1X3IN M:d v3ad puz m:d PHID@'E:XX# HOXE
1IX3IN MY py'EXx# YoXd
1X3IN MY v3a gy U m:d pig M puz m:d zeree@'uy 1S19
1X3aN M v3a gy pig M puz md 9TeR®@'UY 1S19
1X3aIN M v3a gy puz m:d gee®@'uy 1s19
1X3IN M v3ad puz m:d pY3I®@'uyY 1S19
1X3IN MY py‘uy 1s1d9
1X3N Mo v3a g U Mo pig M puz m:d zeer@ exx 1S19
1X3aN M v3a gy pig M puz md 9TeR®@'EXX# 1519
1X3aN M v3 g puz m:d g'ee@ 'eiXx# 1519
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ajels
e.(1) oIS M| e.(H) YoeIs My [uonesado _mm_LME._”_ IX3aN M puz m:d (T+UY3-UYT)'+dS® T NG
Ya M 1X3IN M U Mo pig M puz m:d dx3'zeee® 0Al
va Md 1X3aN M U Mo pig M puz m:d ¥0D'zeee® 0a
Y3 M 1X3IN M pPie M puz m:d dx3'9T'ee® OA1
VY3 M 1X3aN M pig M puz m:d ¥02'9T'ee® OA
sleIs T
V3 M:Y [uonelado feussiu| 1X3aN MmN puz m:d dX3'+s¥3® 0a1
sleIs T
v3 M:d [uonesado feussiu| 1X3AN Mo puz m:d YOD'+sy3® 0a
vaMd 1X3IN M s M U md pig M puz md dx3'(sya‘zep)® oal
vYamd 1IX3IN M s Mo U Mo pie M puz m:d "0 (sy3'zep)® 0a
v3a M 1X3aN M pig M puz m: UX3'(sy3'9T:p)® 01
Ya M 1IX3IN M pPig M puz m:d "0 (sy3'9T:P)® Oa
Yamy IX3IN M puz m:d dX3'sy¥3®@ 0al
N ERR] IX3aN MY puz m:d ¥00'sy3a® 0al
IX3IN MY dx3'sy 0a
1IX3IN MY ¥02'sy 0a1
IX3IN MY puz m:d HX3'gXX# 0Q1
1IX3IN M HOD'8:xx# 01
vamad|  (Dxes mim|  (H) Yoeis mim (1) gree MY (H) 8ree MY 1X3N M| pasueApy
v3a M 3oeIs MM 8:ee M\ 1X3IN M [ewioN 8'ee@® YSr
sleIs T
(7) 018 MM | (H) oBIS MM v3 M:d [uonesado [eusai) puz M:d| pasueapy
aleIs T
3oe1s MM va M ,Eo_ﬁml_wao leusaiu| puz m\'d [ewIoN ?N”mm@ s
(1) eis M| (H) yoeIs mim v3 M 1X3N M| paduerpy
Aoels MM vYa M IX3IN M [ewIoN uy3® dsr
alels T
V3 M:d [uonelado feussiu| (1) g'ee MY (H) 8'ee iy 1X3IN M| paosueapy
alels T
v3 MY [uonesado [eusaiu) gree MY IXaN MH|  [ewloN 8:ee®® dINC
ajels T
V3 MY [uonelado feusaul puz m:d vzee® diNe
vYamed IX3IN M uy3® dNC
1IX3IN M pY3'e/T# TONI
IX3aN MY PY‘2/T# MONI
9 S 4 € z T uononnsu|
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VI MM 1X3IN M PYI®‘sd MAOW
v3 ay 1X3N M pIE M puz m:d pY‘zeeR® MAOW
vI M 1X3N MY puz m:d py‘9T:EE® MAOW
oJels 1
V3 MY [uonesado [eusaiul 1X3N M pY ‘+s43® MAOW
va M LX3aN M U M pIgE M puz My pY'(s43'2E:P)® MAOW
vamd AX3IN MY puz m:d pY‘(sy3'9T:P)® MAOW
va md 1X3aN M pY's4I® MAOW
1X3N M py‘sd MAOW
1X3IN MY puz m:d PY'9TXX# MAOI
v3a gam LX3aN M pIgE M puz m:y zeee®'sy GAONW
v3 a:m 1X3N MY puz m:d 9T:ER®'SY 9AON
v3 am 1X3aN M gee®'sy GAONW
QLIS T
V3 g:M [uonelado feussiul 1X3aN M pPy3-®@'sd GAONW
V3 gm LX3aN M U M pIE MY puz m:d (PH3‘2EP)@'SH GAOW
v3 am 1X3IN MY puz m:d (PY3'9T:P)®'sH GAOW
v3 am 1X3N M P3O ‘sy GAONW
v3 ay 1X3IN MY pIgE MY puz m:d py‘zeree® GAON
va gy 1X3aN M puz m:y py‘9T:ER® GAOW
vaay 1X3N M py‘gree® 9AON
Q)els T
V3 g: [uonesado [eussiul 1X3N M py'+s43® 9AON
v3 ay LX3aN M U Md pIgE MY puz m:d py'(sy3'ze:P)® GAONW
va gy 1X3N M puz m:d pY'(s43'9T:P)® GAOW
vaay 1X3N M py's43®@ 9AON
1X3aN M py'sd 90N
1X3N MY py'g:xx# GAON
wy3 M uya M 1X3aN M puz m:y 17, +WHID'+UHI® OV
659701 T
‘uoelado [eussiu 1X3aN M 11, JOVIN'SH3 OVINGT
69001 T
) g, Sewn u pajeaday  m- ‘uoirelado feussiul 1X3N MY 11,HOVIN'SY3 OvINaT
QyeIs 1
e.(1)0eIs M| ¢, (H) doeIs Mid ['uonesado feusaiu 1X3IN MY puz M|  (E+ud3-uy¥3)'+dSO® TNAT
9)els T
e.(1)08Is Mi"| ¢, (H) HoeIs M:Y [uonesado [eussiul 1X3aN M puz md|  (Z+ud3—uy3)'+dS® TINGT
S 14 € 4 T uononsuy|
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LX3aN M pY 910N
LX3aN M dON
LX3aN M py3 TO3AN
LX3N M Py M'O3IN
LX3aN m:d pd g'93aN

sarels 6T ‘uoiesado [eusai| LX3N M:d| 0002/S8H
6,59181S € ‘uopesado feusaiu| LX3N M| 009Z/S8H  PYI‘'sd MNXTININ

sarels TT ‘uoesado feusai| LX3N M:d| 000Z/S8H
6,59181S Z ‘uopesado feussiu| LIX3IN M| 0092/SBH  PY'sd g'NXIN

sajels 6T ‘uolesado feusaiu| 1X3aN M puz M:d| 000Z/S8H
6,S91E1S € ‘uoielado [eussul LX3N MmN puz M:d| 0092/S8H  PYI'sd M'SXTNIN

sajels TT ‘uoesado feusaiu| LX3aN M puz M:d| 0002Z/S8H
6,S91e1S Z ‘uoesado feulaiu| LX3aN M puz M:d| 0092/S8H  PY'sd 8'SXTNIN
va p, M LX3aN M puz m:y 9T:ee®'sd IdLAON
va p, MY LX3aN M puz m: pY'9T:ee® Id4AOW
Z+V3 MM va MM LXaN M uw Mmoo pIg MY puz m:y zeee®@'sy3 TAON
Z+V3I MM va MM 1X3aN M pig M:H puz m: 9Tee®'SY3 TAON

Qlels T
Z+V3I MM V3 MM [uonesado feusaiul 1X3aN M puz m: pUI-®'sy3 TAOW
ZHYI MM Va3 MM LX3N M uis M uw M pig MY puz m: (PY3'ZE:P)@'SHT TAOW
I EL va MM LXaN M pig M:H puz m:d (PHT'9T:P)®'SHT TAOW
Y3 MM va MM LX3aN M puz m:d pYI®'sy3 TAOW
ZHvamy vamy 1XaN M uw Mo pig M:H puz m:d py3‘zEee® TAOW
ZHvam vam 1X3aN M pig M:d puz m: py3'9T:eE® TAOW
Qels T
ZHvamy V3 M [fuoiresado feusaiul LX3aN M puz m: pY3'+s43® TAON
ZHvamy vam LX3N M us My uw M pig MY puz m:y py3'(sy3'zeP)® TAOW
Z+va M vam 1XaN M pig M:H puz m:d pY3'(SH3'9T:P)® TAOW
Z+vam vam LX3aN M puz m: pY3'sYI® TAOW
LX3aN M py3‘'sy3 TAON
1X3aN M pig M:d puz m: pY3'ZEX# TAON
Qlels T
V3 MM [uonesado feussiu LX3aN M PYI-@'sd MAOW
va MM L1X3aN M pig MY puz m: zeree®'sd MAOW
va MM LX3aN M puz m:d 9T:ee®'sd MAOW
va MM 1X3aN M w3 pig MY puz m: (PY3'ZEP)D'SY MO
va MM LXaN M puz m:d (PY3'9T:P)D'SH MAOW
L 9 S 4 € z T uononnsu
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1IX3N M Py g'YX10d
1IX3AN M py3a‘z# 11X10Y
1X3aN M P33 711X10d
IX3AN M pY‘z# MIX10Y
1X3IN M Pd MIX10d
IX3IN M py‘z# g IX10Y
1X3IN M Py 91X10d
IX3N M py3‘z# 1YL0Y
1IX3AN M pd3 1'd10d
1X3IN M py‘z# M'HL10Y
IX3AN M PY M'H10d
1X3aN M pd'e# g ¥L0Y
IX3AN M Pd 9°410d
1IX3IN M py3‘z# 17110y
IX3N M py3 71110d
1IX3IAN M py‘z# M11L0Y
1X3IN M Pd M1110d
IX3AN M py‘z# 97110y
1X3IN M pd 971104
¢+V3d MM V3 MM | uonesado [eulaiu 1IX3IN M puz m:d uyd3 T'HSNd
sleIs T
V3 MM [uonelado [eusaiu| 1X3aN M ud M'HSNd
sleIs T
¢+va e V3 M [uonesado feusaiul 1IX3N M puz m:d ud3 1dod
ajels T
V3 MY [uonesado [eussiu IX3AN M ud Mdod
1X3IN M puz Mo UX3'8:Xx# DHO
IX3IN M HOD'8:XX# DHO
1X3IN M puz Mo py3a‘'sy¥3 1O
1IX3N M pIg M puz M pY3‘ZEXXH THO
IX3AN M py'sd MHO
1X3IN M puz M PY'9TXX# M'HO
IX3AN M py'sy 9'40
1X3IN M Py‘8:xx# 9°HO
IX3IN M PY3 T1ON
1X3IN M Pd MW'1ON
S 14 € 4 T uononisu|
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IX3N M pY'y¥00 218
aels T
‘uopesado [euseiul IX3N M d33is
1IX3IN M pPY3‘Z# TYTHS
IX3IAN M PY3 THTHS
1X3IN M py'e# METHS
IX3AN M Pd MWHTHS
1X3IN M py‘z# °dTHS
1IX3IAN M PH g dTHS
1X3aN M py3'e# 1T1THS
1IX3IAN M PY3 TT1IHS
1IX3N M pPY'z# M TTHS
1IX3IAN M Pd MTTHS
IX3IN M pY'z# G TTHS
1IX3IN M Pd 9" 11HS
IX3IN M py3‘z# TUVHS
1IX3IN M pY3 THUVYHS
IX3AN M PY'Z# MHVHS
1X3IN M PY MHVHS
IX3IAN M py'z# ' YVHS
1X3IN M Pd 9°9VHS
1IX3AN M py3‘z# 1IVHS
1X3IN M pPY3a 1IVHS
1IX3IAN M PY‘Z# MIVHS
IX3N M PY MTIVHS
1IX3IN M py‘z# 9 IVHS
IX3N M Py g7 IVHS
arels T
G, M- [uonelado [eusaj (7) soe1s Mid (H) oe1s My 1X3AN M:d | paosuenpy
areIs T
5, M [uonelado [eussiu| Moels Mo 1X3AN M [ew.IoN S1d
alels T
5. M [uonesado eusaiu] (1) xoe1s M (H) >oeIs Mid | (dX3) doels Mo 1X3AN M ENRS]
1X3IN M py3‘c# 1THX10Y
IX3IAN M pPd3 7YX 10d
1X3aN M py‘z# M'EX10Yd
1IX3IAN M PY M'YX10d
IX3N M py‘z# 9 YX10d
S 14 € 4 T uononisu|
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1X3aN M

PY'8Xx# 9°4OX

alels ajels
g, M [uoneiado _mD_WEH_ Z+O3IA MY 03N M| (UX3) oeIs MM | (H) 2oBIs M| (1) oeIs Mim [uonesado _m“_wzﬁ_ LX3N M:d | paoueApy
alels T ayers T
8. M:d [uoeIado feussiy| OIA M| (dX3) HoeIs MM | (H) XoBIs M| (1) >1oels mim [uoneiado feulsiul LX3IN M| [ewioN X# VAL
V3 g:m va gy LXaN M puz m:y 01.P83D SVL
LX3aN M py'sy Xans
LX3aN M pY'8:xx# XaNS
LX3aN M pY3'v/z/T# SANS
LX3N M py3'sy3 T'ans
1XaN M pig M:H puz m:y pY3'ZEXH 1ANS
LX3N M py'sy m'ans
LX3aN M puz m:y PY'9TXX# M'ENS
LX3aN M py'sd g'ans
6+ LX3aN M 11,P43 TOVIN OVINLS
“fll g,58Wn U pareaday M~ 6 LX3N MmN 17.PYI'HOVIN OVINLS
Qlels T
,(1) %08 MM | g, (H) oBIs MM 'uonesado feussiul 1X3aN M puz M|  dS—®'(E+UdI-U¥I)TWLS
arels T
£,(1) %08 MM | g, (H) o8I MM uonesado feussiul LX3aN M puz M|  dS—®'(z+ud3-UY¥3)TWLS
arels T
£,(1) %08 MM | g, (H) o8Is MM 'uonesado feussiul LX3aN M puz M|  dS—®'(T+UM3-UY¥3)TWLS
va MM LX3N Mo uw M pig M:H puz m: zeee®'dX3 O1S
va MM 1X3aN M uw My pig MY puz m:y z€ee®'Y00 O1S
va MM 1XaN M pig MY puz m:y 9T'eR®'dX3 O1S
va MM 1X3aN MmN pig MY puz m: 9T:ee®'d00 JL1S
alels T
VA MM ['uoresado feusaiu| 1X3aN M puz m: PYI-®'YX3 OLS
@jelrs T
V3 MM ['uoresado feusaiu| 1X3aN M puz m:d pY3-®'¥00 O1S
V3 MM LX3N M s Mo uw Mo pig M:d puz My (Pd3'2EP)D@'UXT O1S
Va3 MM LX3N m:d uis M uw Mmoo pig M:H puz m: (PY3'ZEP)D'YOD O1S
va MM LX3aN M pig MY puz m:y (PYT'IT:P)@'YX3 O1S
Va3 MM 1XaN M pig M:H puz m:d (PH3'9T:P)@'¥OD O1S
va MM LX3aN M puz m: pPYI®'YX3 O1S
va MM LX3aN M puz m:y RECR IS
LX3aN M py'yX3 OLS
8 L 9 S v € z T uononnsu
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peaJ ay) apow Agpuels alemyos Jo apow daajs woij A18A0231 U] "¥joelS ay) 0juo paysnd anjena Dd ayi snid omi 03 [enba ‘ssalppe yolajaid
‘wesbold ay) Jo ssalppe ueis

‘uinjal Jaye ssalppe Lels
‘[fenuew aJempley J9[|01U0D0IDIW JUBAS|SI BY) 0) 19jal ‘SllIM IO peal 8zI1s-a)Aq 10} palinbal sajels Jo Jaquinu ay) Jo
's191s16a1 Inoy 10} Saw INoj 1o ‘s1aisiBal 931y} 1o} sawn 31y} ‘sialsiBal om] 810]sal 1o SAeS 01 Sawn om) pajeaday

*Aluo NdD 0092/S8H 8yl Aq pauoddns are suononnsul 8sayl ‘TT
‘uonoNNsuUl SY1 ayr Buisn uaym pasn ag pinoys 43 1o ‘vy3 ‘TH3 ‘043 J81s1ba1 Auo 0T
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‘uoiresado |eulajul ue Aq padejdal si uonesado
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"PaINDBX3 10U BJe SBJ2AD SN 3SBY) ‘0 = U J| " J0 T JO anfea
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8. M:Y [uonesado _Mm_w%:m Z+03A M D3N WM | (¥X3) YIS MM (H) 018 MM () 038 MM [UoneIado _MHMM:._“ L« MY | padURADY
aes T aels T Buipuey
8, M:d [uonesado [eulaiu] 23N M:d| (UX3) oIS MM (H) »oeIs MM () M2e1s Mim |‘uonesado [eulaiu| .M fewsoN | uondaoxa ydniei|

aeIs T

9, M:d [uonesado feussiul Z+03A MY D3A M:d | pasueApy
Qs T Buipuey
9, M [uoielado reussiul D3IA M|  [ewlioN uondaoxa 19say
1X3IN M puz m:d UX3'8:Xx# DHOX
IX3N M HID'8:XX# DHOX
1IX3IN M puz m:d py3‘'syY3 1THOX
1IX3IN M pig M puz m:d pYI'cEXXH# THOX
IX3IN M py‘'sd M'HOX
1IX3IN M puz m:d PY‘IT:XX# M HOX
IX3N M py'sy 940X
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Section 2 Instruction Descriptions

2.8 Condition Code M odification

This section indicates the effect of each CPU instruction on the condition code. The notation used
in the table is defined below.

m= 31 for longword operands
15 for word operands

7 for byte operands

S The i-th bit of the source operand
Di Thei-th bit of the destination operand
Ri Thei-th bit of the result

Dn The specified bit in the destination operand

— Not affected

t Modified according to the result of the instruction (see definition)
0 Always clearedto 0

1 Always setto 1

* Undetermined (no guaranteed value)

z Z flag before instruction execution

c C flag before instruction execution
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Table2.7 Condition Code Modification

Instruction H N zZz V C Definition

ADD 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

ADDS —_ = = - —

ADDX Tt ? ¢ 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 — ¢ 3 0o — N =Rm
Z=Rm -Rm-1. ... ‘RO

ANDC R Stores the corresponding bits of the result.
No flags change when the operand is EXR.

BAND _ - - — C=C'-Dn

Bcc - - - - —

BCLR _ - = — —

BIAND — — — — 1 c=C'-Dn

BILD — — — — 1 C=Dn

BIOR — — — — 1t C=C'+Dn

BIST _ - = — —

BIXOR _ - — — C=C-Dn+C -Dn

BLD _ - - — C=Dn

BNOT _ — = — —

BOR —- = — — C=C'+Dn

BSET _ — = — —

BSR - - - - —

BST - - - - —

BTST — —t — — z=Dn

BXOR —_ - — — 1 C=C-Dn+C -Dn

CLRMAC* - - - - —

CMP LI T T 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

Rev. 4.00 Feb 24, 2006 page 305 of 322
REJ09B0139-0400

RENESAS



Section 2 Instruction Descriptions

Instruction H N z VvV C Definition
DAA * ! T ! N =Rm
Z=Rm-Rm-1 ... ‘RO
C: decimal arithmetic carry
DAS * ! r ! N =Rm
Z=RBm-Rm-1 ... RO
C: decimal arithmetic borrow
DEC — ¢ - N=Rm
Z=Rm-BRm-1- ... RO
V =Dm-Rm
DIVXS — t t — — N=Sm:Dm+Sm.Dm
Z=Sm-Sm—1- ... S0
DIVXU — 1 P - — N =Sm
Z=Sm-Sm-1- ... S0
EEPMOV - - - - =
EXTS — 1t t 0 — =Rm
=Rm-Rm—1 - ... -RO
EXTU — 0 ¢t 0 — =Rm-Rm—1 - ... -RO
INC — 1 ! - =Rm
=Rm-Rm—1 - ... RO
V=Dm-Rm
JMP - - - - =
JSR - - - - =
LDC Tt t ot Stores the corresponding bits of the result.
No flags change when the operand is EXR.
LDM - - - - =
LDMAC* _—_—— = -
MAC* - - - - =
MOV -t t 0 — N=Rm
Z=Rm -Rm-1-..... -RO
MOVFPE — t t 0 — N=Rm
Z=Rm -Rm-1-..... -RO
MOVTPE — 1t t 0 — N=Rm
Z=Rm -Rm-1-..... -RO
MULXS — 1 1 = — N =R2m
Z=R2m -R2m—1 - ...... -RO

Rev. 4.00 Feb 24, 2006 page 306 of 322
REJ09B0139-0400
RENESAS



Section 2 Instruction Descriptions

Instruction H N z Vv C Definition
MULXU —_ — = - —
NEG tor Tt H=Dm-4 + Rm—4

N=Rm

Z=RBm-Rm-1-...... ‘RO

V=Dm - Rm

C=Dm+Rm
NOP - - - - =
NOT — 1t t 0 — N=Rm

Z=Rm Rm-1-..... -RO
OR -t t 0 — N=Rm

Z=Rm Rm—1-..... -RO
ORC ot ot Stores the corresponding bits of the result.

No flags change when the operand is EXR.
POP — 1t t 0 — N=Rm

Z=Rm Rm-1-..... -RO
PUSH — 1t t 0 — N=Rm

Z=Rm Rm-1-..... -RO
ROTL — ¢t t 0 N=Rm

Z=Rm Rm-1-..... -RO

C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)
ROTR — ¢t ¢t 0 N =Rm

Z=Rm-Rm-1-....-RO

C = DO (1-bit shift) or C = D1 (2-bit shift)
ROTXL — ¢t ¢t 0 N=Rm

Z=Rm Rm-1-..... -RO

C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)
ROTXR — ¢t t 0 N=Rm

Z=Rm-Rm-1-....-RO

C = DO (1-bit shift) or C = D1 (2-bit shift)
RTE A Stores the corresponding bits of the result.
RTS - - = - —
SHAL — ¢t ¢ttt 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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Instruction Descriptions

Instruction H N Z Definition

SHAR — ! ! N =Rm
Z=Rm-Rm-1-...... ‘RO
C = DO (1-bit shift) or C = D1 (2-bit shift)

SHLL — ¢ ! N =Rm
Z=Rm-Rm-1. ... ‘RO
C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)

SHLR — 0 N =Rm
Z=Rm-Rm-1-.... ‘RO
C = DO (1-bit shift) or C = D1 (2-bit shift)

SLEEP _ — -

STC _ — -

ST™M _ — —

STMAC* — 1t 1 N = 1 if MAC instruction resulted in negative value in MAC register
Z =1 if MAC instruction resulted in zero value in MAC register
V = 1 if MAC instruction resulted in overflow

SuB tot ot H = Sm—4 - Dm—4 + Dm—4 - Rm—-4 + Sm—4 - Rm—4
N =Rm
Z=Rm-Rm—-1-...... ‘RO
V=8m.Dm-Rm+Sm-Dm:Rm
C=Sm -Dm+Dm:-Rm+Sm:Rm

SUBS —- - —

SUBX toot ot H = Sm—4 - Dm—4 + Dm—4 - Rm—4 + Sm-4 - Rm-4
N =Rm
Z=Z-Rm- ... -RO
V=8m.Dm-Rm+Sm-Dm-Rm
C=Sm-Dm+Dm-Rm+Sm-Rm

TAS — 1 N =Dm
Z=Dm -Dm-1...... -DO

TRAPA _ - -

XOR — 1 ! N =Rm
Z=Rm-Rm-1-..... ‘RO

XORC ot e 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.
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Section 3 Processing States

31 Overview

The CPU has five main processing states: the reset state, exception handling state, program
execution state, bus-released state, and power-down state. Figure 3.1 shows a diagram of the
processing states. Figure 3.2 indicates the state transitions.

Reset state

The CPU and all on-chip supporting modules have been
initialized and are stopped.

Exception-handling
state

A transient state in which the CPU changes the normal
processing flow in response to a reset, interrupt, or trap

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 bus
request signal from a bus master other than the CPU.

Sleep mode
Power-down state Software standby
mode
CPU operation is stopped
to conserve power.* Hardware standby
mode

Note: * The power-down state also includes a medium-speed mode, module stop mode, etc.

Figure3.1 Processing States
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End of bus request

Bus request

Program execution
state
End of bus SLEEP
request Bus instruction
request SLEEP with _
: . \SSBY =0
Y instruction
with
Bus-released state SSBY =1
Request for 1
S)?cdeo{ion exception : —
handrl)ing handling Sleep mode
Interrupt
request
Exception-handling state
[ External interrupt

RES = high

Reset ﬁ#

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES
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 state.
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 the relevant
microcontroller hardware manual.
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3.3 Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to areset, interrupt, or trap instruction. The CPU fetches a start address
(vector) from the exception vector table and branches to that address.

331 Types of Exception Handling and Their Priority

Exception handling is performed for traces, resets, interrupts, and trap instructions. Table 3.1
indicates the types of exception handling and their priority. Trap instruction exception handling is
always accepted, in the program execution state.

Exception handling and the stack structure differ according to the interrupt control mode set in
SYSCR.

Table3.1 Exception Handling Typesand Priority

Priority ~ Type of Exception  Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts
A immediately when RES changes
from low to high
Trace End of instruction When the trace (T) bit is set to 1, the
execution or end of trace starts at the end of the current
exception-handling instruction or current exception-
sequence™* handling sequence
Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the end
exception-handling of the current instruction or current
sequence™? exception-handling sequence
Trap instruction When TRAPA instruction  Exception handling starts when a
is executed trap (TRAPA) instruction is
Low executed*®

Notes: 1. Traces are enabled only in interrupt control modes 2 and 3. Trace exception-handling is
not executed at the end of the RTE instruction.

2. Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,
or immediately after reset exception handling.

3. Trap instruction exception handling is always accepted, in the program execution state.

For details on interrupt control modes, exception sources, and exception handling, refer to the
relevant microcontroller hardware manual.
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332 Reset Exception Handling

After the RES pin has gone low and the reset state has been entered, reset exception handling
starts when RES goes high again. When reset exception handling starts the CPU fetches a start
address (vector) from the exception vector table and starts program execution from that address.
All interrupts, including NMI, are disabled during reset exception handling and after it ends.

333 Trace

Traces are enabled only in interrupt control modes 2 and 3. Trace mode is entered when the T bit
of EXRisset to 1. When trace mode is established, trace exception handling starts at the end of
each instruction.

At the end of atrace exception-handling sequence, the T bit of EXR is cleared to 0 and trace mode
is cleared. Interrupt masks are not affected.

The T bit saved on the stack retainsits value of 1, and when the RTE instruction is executed to
return from the trace exception-handling routine, trace mode is entered again. Trace exception-
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 the T bit.

334 Interrupt Exception Handling and Trap Instruction Exception Handling

When interrupt or trap-instruction exception handling begins, the CPU references the stack pointer
(ER7) and pushes the program counter and other control registers onto the stack. Next, the CPU
alters the settings of the interrupt mask bitsin the control registers. Then the CPU fetches a start
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 mode 1 in
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 effective
after execution of the instruction.

When an interrupt enable bit is cleared to O by an instruction such asBCLR or MOV, and if an
interrupt is generated during execution of the instruction, the interrupt concerned will still be
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enabled on completion of the instruction, and so interrupt exception handling for that interrupt will
be executed on completion of the instruction. However, if there is an interrupt request of higher
priority than that interrupt, interrupt exception handling will be executed for the higher-priority
interrupt, and the lower-priority interrupt will be ignored. The same also applies when an interrupt
source flag is cleared to 0. The above conflict will not occur if an enable bit or interrupt source
flag is cleared to 0 while the interrupt is masked by the CPU.

(2) Instructionsthat Disable Interrupts

The instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions are executed, all interrupts including NMI are disabled and the next instruction is
always executed. When the | bit is set by one of these instructions, the new value becomes valid
two states after execution of the instruction ends.

(3) Interruptsduring Execution of EEPMOV Instructions
Interrupt operation differs between the EEPMOV .B instruction and the EEPM OV .W instruction.

With the EEPM OV .B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the transfer is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, interrupt
exception handling starts at the next break in the transfer cycle. The PC value saved on the stack in
this case is the address of the next instruction.

Therefore, if aninterrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

L1: EEPMOV. W
MOV. W R4, R4
BNE L1
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Normal mode J—\
SP— EXR
Reserved*
SP— CCR CCR
CCR* CCR*
) PC PC o
(16 bits) (16 bits)
(@) Interrupt control modes 0 & 1 (b) Interrupt control modes 2 & 3
Advanced mode J\
SP— EXR
Reserved*
SP—~ CCR CCR
PC PC
(24 bits) (24 bits)
(c) Interrupt control modes 0 & 1 (d) Interrupt control modes 2 & 3

Note: * Ignored when returning.

Figure3.3 Stack Structure after Exception Handling (Example)

3.4 Program Execution State

In this state the CPU executes program instructions in sequence.
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35 Bus-Released State

Thisis astate in which the bus has been released in response to a bus request from a bus master
other than the CPU. While the bus is released, the CPU halts except for internal operations.

Bus masters other than the CPU may include the direct memory access controller (DMAC) and
datatransfer controller (DTC).

For further details, refer to the relevant microcontroller hardware manual.

3.6 Power-Down State

The power-down state includes both modes in which the CPU stops operating and modes in which
the CPU does not stop. There are three modes in which the CPU stops operating: sleep mode,
software standby mode, and hardware standby mode. There are also two other power-down
modes. medium-speed mode and module stop mode. In medium-speed mode the CPU and other
bus masters operate on a medium-speed clock. Module stop mode permits halting of the operation
of individual modules, other than the CPU. For details, refer to the relevant microcontroller
hardware manual.

36.1 Sleep Mode

A transition to sleep modeis made if the SLEEP instruction is executed while the software
standby hit (SSBY) in the system control register (SY SCR) is cleared to 0. In sleep mode, CPU
operations stop immediately after execution of the SLEEP instruction. The contents of CPU
registers are retained.

3.6.2 Softwar e Standby Mode

A trangition to software standby mode is made if the SLEEP instruction is executed while the
SSBY bitin SY SCRis set to 1. In software standby mode, the CPU and clock halt and all on-chip
operations stop. The on-chip supporting modules are reset, but as long as a specified voltage is
supplied, the contents of CPU registers and on-chip RAM are retained. The I/O ports also remain
in their existing states.

Rev. 4.00 Feb 24, 2006 page 315 of 322
REJ09B0139-0400
RENESAS



Section 3 Processing States

3.6.3 Hardware Standby Mode

A transition to hardware standby mode is made when the STBY pin goeslow. In hardware
standby mode, the CPU and clock halt and all on-chip operations stop. The on-chip supporting
modules are reset, but aslong as a specified voltage is supplied, on-chip RAM contents are
retained.
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Section4 Basic Timing

41 Overview

The CPU isdriven by a system clock, denoted by the symbol ¢. The period from one rising edge
of @to the next isreferred to asa“state.” The memory cycle or bus cycle consists of one, two, or
three states. Different methods are used to access on-chip memory, on-chip supporting modules,

and the external address space. Refer to the relevant microcontroller hardware manual for details.

4.2 On-Chip Memory (ROM, RAM)

On-chip memory is accessed in one state. The data busis 16 bits wide, permitting both byte and
word access. Figure 4.1 shows the on-chip memory access cycle. Figure 4.2 shows the pin states.

! Bus cycle !

Internal address bus X Address

Internal read signal A\

S

Read !
access 1
Internal data bus ] ( Readdata »——
_ Internal write signal \ '/
Write ! !
access |

Internal data bus

( Write data >—

Figure4.1 On-Chip Memory Access Cycle
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Bus cycle

Address bus : Unchanged :
AS High
RD | High
HWR, LWR High
Data bus iHigh-impedance statei

Figure4.2 Pin Statesduring On-Chip Memory Access
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4.3 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in two states. The data busis either 8 bits or 16 bits
wide, depending on the particular on-chip register being accessed. Figure 4.3 shows the access
timing for the on-chip supporting modules. Figure 4.4 shows the pin states.

L Bus cycle N
: T1 ; T2 :
Internal address bus >< Address ><
Internal read signal 3\ / !
Read : !
access ! / \
Internal data bus 1 \ Read data —
Internal write signal 1 \ 3/
Write |
access ! : 3
Internal data bus 1 <

Write data >—

Figure4.3 On-Chip Supporting Module Access Timing
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Bus cycle

’ * |

Address bus Unchanged
AS Hijgh ‘
RD High ‘
HWR, LWR Hijgh ‘
Data bus High-impetj:lance state

Figure4.4 Pin Statesduring On-Chip Supporting Module 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-state or
three-state bus cycle. Figure 4.5 shows the read timing for two-state and three-state access. Figure
4.6 shows the write timing for two-state and three-state access. In three-state access, wait states
can be inserted. For further details, refer to the relevant microcontroller hardware manual.
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Write cycle
T2

T1

Address

Address bus

>_

Write data

Data bus

(a) Two-State Access

T3

Write cycle
T2

T1

Address

Address bus

Write data

Data bus

(b) Three-State Access

Figure4.6 External Device Access Timing (Write Timing)
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