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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
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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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2.2.35(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)
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2.2.39 (4)
2.2.39 (5)
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2.2.46 (2)
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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
2.3 INSITUCHION SEL ...ttt ettt ettt e b sbe et eene e e e naeseesreas 247
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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

Rev. 4.00 Feb 24, 2006 page 17 of 322
REJ09B0139-0400




Section1 CPU

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

-
ol LIyl I [P 1o] |
8ee@® | || || || | Lty I PP r
dotPo | || || ]| Lyl I PPt
(odgpo | || || 1|1 Lyl I L
=
zeeed (2| || | ] | Ly I PP r
5]
veeed | || || ] | Lyl I P rd
1]
[}
he) -
=} N
S oree® || || || @ LIyl I AN
o
=4
®
o .
e gee® am| || || | Lty I PPt
o
he)
<
.
+UHAOUETO (2 || | | LIyl I o)l
. -
(wizzep)@ (2] 1) 1] | Ly I Ll
. I
(az'or:p)@ (2| || || | Lyl I PPt
-
3@ |2 || || | LTyl I [ e 1]
om
- - < = =
u ol ol 3 2 = _4
R N N = g |a |25l
= s|g
XX; o
#1211 11 |2z L) I P rd
X0
g Elzluulzl 1318]0]0 2l =
© S|E|Hw = ool < - & Q% ¥
2 0 LE|S |¢lg|a|l8R2%al |Sle 7|22
2 3/5/2/33/8/35/58/8|¢|%|32/32|8/% 22|k 22
= 582|832\ »|2/%2|2|8|55|55|z|1|8&|=|0|8H
o @
3 - 55
5 2 E R
= g2 £5
> T © Z o
'8 [a )= < O

Rev. 4.00 Feb 24, 2006 page 20 of 322
REJ09B0139-0400

RENESAS



Section1 CPU

"UORONAISUI SV By} BuUISN usym pasn aq pINoys G4 40 ‘v¥3 ‘THT ‘0Y3 Jaisibal Aluo 'z
NdO 0092/S8H aus Ag Ajuo papoddns T :s3j0N

piombuo :q
PIOM ‘M
ahg g
:puaban
ma — — — — — — — — — —_ — — — JIajsuel) ejep 3oo|g
o — — — — — — — — — — — — — dON
2YOX ‘040
_ _ — — — — — — — — — — — d ‘OaNY
— - - - M — M - M M M M d - ol1s
— — — — M — M — M M M M d d oan
o — — — — — — — — — — — — — d3zis
© — — — — — — — — — — - _ _ a1y |01U0D
o = — — — — = — — — — — — — VdvdL wasAs
o — — — — — — — — — — — — — S1y
— 0o — — — o — — — — — — — — dSC 'dNC
— — o o — — — — — — — — — — ¥sg '00g youelig
- - - — g — g g — — — g a — uonendiuew ug
— — — — — — — — — — — — me — uus
— — — — — — — — — — — — me — LON
dOX | suonesado
— — — — — — — — — — — — ma | ma HO ‘aNy 21601
® ® @ ® ® Q@ ® ® ® ® ® E g
© | = | = | 8 8 g g h| = | = m %
8 [ © W N = © ) W i B
> o BY] N = o 3 N o
3 e ® 3 3 uonanisul uonoung
- 3 s s
=}
+
sapo Buissalippy

Rev. 4.00 Feb 24, 2006 page 21 of 322

REJ09B0139-0400

RENESAS



Section1 CPU

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 ca