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Keep safety first in your circuit designs!

¢ Mitsubishi Electric Corporation puts the maximum effort into making semiconductor prod-
ucts 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 ap-
propriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of non-
flammable material or (iii) prevention against any malfunction or mishap.

Notes regarding these materials

¢ These materials are intended as a reference to assist our customers in the selection of the
Mitsubishi semiconductor 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
Mitsubishi Electric Corporation or a third party.

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

¢ All information contained in these materials, including product data, diagrams, charts, pro-
grams and algorithms represents information on products at the time of publication of these
materials, and are subject to change by Mitsubishi Electric Corporation without notice due
to product improvements or other reasons. It is therefore recommended that customers
contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product
distributor for the latest product information before purchasing a product listed herein.
The information described here may contain technical inaccuracies or typographical errors.
Mitsubishi Electric Corporation assumes no responsibility for any damage, liability, or other
loss rising from these inaccuracies or errors.

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

e 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 informa-
tion as a total system before making a final decision on the applicability of the information
and products. Mitsubishi Electric Corporation assumes no responsibility for any damage,
liability or other loss resulting from the information contained herein.

¢ Mitsubishi Electric Corporation semiconductors are not designed or manufactured for use
in a device or system that is used under circumstances in which human life is potentially at
stake. Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semicon-
ductor 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.

e The prior written approval of Mitsubishi Electric Corporation is necessary to reprint or repro-
duce in whole or in part these materials.

o 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 im-
ported 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.

e Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor
product distributor for further details on these materials or the products contained therein.
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Preface

This user's manual describes Mitsubishi's CMOS 8-
bit microcomputers 7534 Group.

After reading this manual, the user should have a
through knowledge of the functions and features of
the 7534 Group, and should be able to fully utilize
the product. The manual starts with specifications
and ends with application examples.

For details of software, refer to the “740 FAMILY
SOFTWARE MANUAL.”

For details of development support tools, refer to the
“Mitsubishi Microcomputer Development Support Tools”
Hompage (http://www.tool-spt.mesc.co.jp/index_e.htm).



BEFORE USING THIS MANUAL

This user’s manual consists of the following three chapters. Refer to the chapter appropriate to your conditions,
such as hardware design or software development. Chapter 3 also includes necessary information for
systems development. You must refer to that chapter.

1. Organization

e CHAPTER 1 HARDWARE
This chapter describes features of the microcomputer and operation of each peripheral function.

e CHAPTER 2 APPLICATION
This chapter describes usage and application examples of peripheral functions, based mainly on
setting examples of relevant registers.

e CHAPTER 3 APPENDIX
This chapter includes necessary information for systems development using the microcomputer, such
as the electrical characteristics, the list of registers.
As for the Mask ROM confirmation form, the ROM programming confirmation form, and the Mark

specification form which are to be submitted when ordering, refer to the “Mitsubishi MCU Technical
Information” Hompage (http://www.infomicom.mesc.co.jp/indexe.htm).

2. Structure of register

The figure of each register structure describes its functions, contents at reset, and attributes as follows :

(Note 2)
Bits Bit attributes
(Note 1)
b7 b6 b5 b4 b3 b2 bl bo Contents immediately after reset release
: 0 1 1 | CPU mode register (CPUM) [Address : 3B 16]
B Name Function At rESEQ R W
T A A Processor mode bits "8“90 : Single-chip mode ots
i i i i i i o 1 %(1) Not available 0 [o}¥e)
A 2 [stack page selection bit RIREE 0 |00
s 3 |Nothing arranged for these bits. These are write disabled 0 o:o
e 4 |bits. When these bits are read out, the contents are “0.” o lo'o
i 5 |Fix this bit to “0.” 1 |oio
Poobemm e 6 |Main clock (Xin-Xour) stop bit ?igt%%ré‘é'é‘g o_|oio
*************************** 7 |Internal system clock selection bit | %nXgur selected | o |00
-: Bit in which nothing is arranged |:|: Bit that is not used for control of the corresponding function
Note 1:. Contents immediately after reset release
“0” at reset release
“1” at reset release
... Undefined at reset release
Contents determined by option at reset release
Note 2: Bit attributes......... The attributes of control register bits are classified into 3 bytes : read-only, write-
only and read and write. In the figure, these attributes are represented as follows :
R....... Read W......Write
O...... Read enabled O ..... Write enabled
O Read disabled O...... Write disabled
O “0” write




Table of contents

Table of contents

[CHAPTER 1 HARDWARE |

DESCRIPTION | .............................................................................................................................. 1-2
FEATURES. | ..................................................................................................................................... 1-2
LAPPLICATION] ...ttt ettt et et e et e e et e et e e ettt e et e e st e e e s eaeeeseaaeessateesaaeeessateeeseseessranesaneeens 1-2
[PIN CONEIGURATION oottt ettt e e e e e e e e e et e e e e e et e e et e e et eeneenenaneen 1-2
[FUNCTIONAL BLOTK] ...veiviveite ittt ettt ettt etesteseeeteste st et e st s e eaeeaesaesesetesresananeareas 1-5
[PIN DESCRIPTION]. .ottt et ee ettt e e e e e e et e e e e e e e 1-8
IGROUP. EXPANSION .ottt et e e e e et e e e e e e e e e e e e et et ettt e et et s e s e e e e e eeeeeeaaeaereeeees 1-9
[FEUNCTIONAL DESCRIPTION L. ..ttt ettt ettt et n e e eesan e 1-10
[Central Processing UNIt (CPUY ....cooiiiiieeeeeee ettt e e e e e e e e e e e e s s e aaeeeees 1-10
.................................................................................................................................... 1-14
.................................................................................................................................. 1-16
................................................................................................................................. 1-20

L T=Y £ 1-23
................................................................................................................................. 1-25
AN D O o T ALY =Y T=T TN 1-36
........................................................................................................................... 1-38
IC1OCK GENEIALING CITCUIL| . uvvvvriiiiieieeeiii ittt e e e e e e e e e e e e e e e e e e s e bbb e e e e e e eeeeseessssrbereees 1-40

......................................................................... 1-44
................................................................................................................................... 1-44
| AT I AN T=T R =TT S 1-45
o D I OTe T a1 =Y (=Y ORI 1-46
ESTToT oM T Yo Yo 1= SRR 1-48
W o L= [T 1-49
[DESCRIPTION OF IMPROVED USB FUNCTION FOR 7534 GROUP]....cccccvovveeiieeeeeeeeennn. 1-50
[DIFFERENCES AMONG 32-PIN, 36-PIN AND 42-PIN |.....cccccoviiiiiieieecee e 1-50

DESCRIPTION SUPPLEMENT FOR USE OF USB FUNCTION STABLY]

2.1.3 Application example of Key-0n Wake U ... .ccoiiriiieiiiiiiiieiiieeee s 2-6
12.1.4 Handling Of UNUSEO PINS|..ciiiiiii s e e e e e et e e e e e 2-7
[2.1.5 Notes on input and QUEPUE PINS]...ieiiiiiiiiiee e 2-8
[2.1.6 Termination Of UNUSEd PINS|.....cccoiiiiiiiiii e e e e e e e e e e e eeeeeeeneneees 2-9
202 T = 2-10
[2.2.1 MEMOTY MAP|- it iiiieitiiiiiieitie ettt sttt e st e e et eeneeesbeeanbeenbeeeneas 2-10
[2.2.2 ReleVANT TEQISTEIS| ... .oeiiiiiieiiei et 2-10
2.2.3 Timer application examples ... 2-16
|2.3 Serial I/Q ................................................................................................................................ 2-29
2.3.1 MEMOIY MAP|......ciiiiiiiiiiiiiii i s 2-29
[2.3.2 Relevant reQISIEIS]........coooiiiiiiii e 2-29
[2.3.3 Serial I/O connection examples|...........ccccooiiii 2-35

7534 Group User's Manual i



Table of contents

[2.3.4 Serial 1/O transfer data format|..........cccccoviiiiiiiiiiiii e 2-37
[2.3.5 Serial 1/0 application eXamples]........ccocoiiiiiiiiiee e 2-38
236 Notes on serial HO ... 2-49
L ST = PP 2-50
2.4.1 Outline Of USB ....oiiiiiiiiiiie ettt bbbt e e e e b e 2-50
[2.4.2 MEMOIY MAP|....iiiiiiiiieiiiiitit e ee et et et e e e e e e e e et ettt eeeeeae b et e aesesesaeaaaaaaaasesssseessssrsreres 2-56
[2.4.3 RelIeVANT TEQISTEIT ...cciiiiiiiiiiiiiiit et e e e e e e e e aaaaeaeeeees 2-57
[2.4.4 USB application eXampPlg]..... ... 2-62
[Z.4.5 Nofes concerniNg TS ....oooeiiiiiiiiiii e e e e e e e e 2-69
S N oY oY ARV = [P 2-70
P22 T Y/ =Y Yo T V- o PN 2-70
[2.5.2 REIEVANT TEOISIEIS| ....ciiiiiiieiiieie et e e e e e e e e e aaaaaaaaaeaees 2-70
[2.5.3 A-D converter application eXxamples|........ccccoooiiiiiiiice e 2-74
254 Notes 0N A-D CONVEITETT. .. .uuuiiiiiiiiiieaeeei ittt e e e e e e as 2-76
....................................................................................................................................... 2-77
12.6.1 Connection example OF FESEE IC .. ... e 2-77
[2.6.2 NOtES ON RESET PIN|....ciiiiiiiiiiiiiiiii et e e et e e e e e e aab e eeeens 2-77

[CHAPTER 3 APPENDIX]

[3.1 ElecCtrical CharaCterISTICS . ittt e e e et e e e e e e eabae e e eaeees 3-2
[3.1.1 Absolute Maximum RatINGS|.........cccciiiiiiiiiiiii 3-2
B.1.2 Recommended Operaling CoNdITIONS] ........uoveiiiiiiiiiiieiieiiiiie et 3-3
B.1.3 Electrical CRaraCierISTICS].....ccciuuiiiiiiiiiiiiee ettt e e e e e e e e e eebaans 3-4
B.1.4 A-D Converter CharaCteriSIICS]......cocvuiiiiieee e 3-5
B.1.5 TIMING REQUINEMENTIY ... ceiiiiiiii et e e e e et e e e et e e et e e eateaeennaaes 3-6

1. witchin har (AT TToRs [P RPTRPPRN 3-6

B.2 TYPICAl CRAIACTEIISTICS] .iiiiiiiiiiiiii i e e e e e s e e e e et e e e e s e e st e e e s e eaaaanss 3-8
[3.2.1 Power source current characteristic example (lcc-Vcc characteristic)...........c.ee... 3-8
[3.2.2 Vour-lon characieriStiC eXamPle].....ccov v 3-11
[3.2.3 A-D conversion typical characteristics examplg]................ccocoiii, 3-15

TR NN oY TSI o Y a H VY= 3-17
B.3.1 NOtES ON INTEITUPLT ..eveeiiiiiiiee ettt e et e et e e e e et et e e e e e e e e e e e s s esab e e eesesaaaneeas 3-17
B 3.2 Nofes on Sermal TTO] .......uuiiiiiiiiii e e e e e e e e e e e e e e eananns 3-18
B33 NofesS 0N A-D CONVEITRI ....ccvniii ittt e et e e et e et e et e e e aeaeeas 3-19
B.3.4 NoteS 0N RESET PIN e 3-19
B.3.5 Nofes on 1nput and OUTPUT PING ....cooeeiiii e e e 3-20
B.3.6 NOIES ON PrOGramMMIING ......uieuiiiiiiiiiie e ee et e s et e et e st e st s st e eanesatseraastanes 3-21
B.3.7 Programming and test of built-in PROM Versionl...........cccccoeeiiiiiiiiiiinneiii e 3-23
B3 8 Nofes on Dullf-in PROM VEISION ...evuueerreeeeeteeeeteeeeteeeeeeeesaeeeeteeeeeaeessaeesernaeeennnnas 3-23
B.3.9 Termination Of UNUSEd PINYG .....c.ccoiiiiiiiiiiiiiiiiiii i 3-25
B.3.10 Notes on CPU MOdE FEAISTEH.....ccciiiiiiiieiieiiie et e s 3-26
B.3.11 Notes 0N USING 32-PIN VEISION ...uiiiieiiiiieeeiiieee e e e e et e e e e et e e et e e e et e e et e eeaaans 3-26

3.4 Countermeasures agalNSt NOISE ....cccceeiiiiiieee ettt e e ettt e e s st e e e e snbe e e e e e nnees 3-27
B.4A. T Shortest WINNG TENGIN|......cooiiiiiiiiiicce e e e e ar e e e e eeaaan s 3-27
B.4.2 Connection of bypass capacitor across Vss line and Vcc linel.............................. 3-29
B.4.3 WIring to analog INPUL PING coeuoeiiiiieii e e e e e e e e et e e e e e e e e e eneeeeanas 3-30
....................................................................................................... 3-30
B-4.5 SEtUP TOIr T7TO POTTY .. .ot e e e e e e e eeaaans 3-32
B.4.6 Providing of watchdog timer function by softwarg ...........ccccooiiiiiiiiiiiiiii, 3-33

ii 7534 Group User's Manual



Table of contents

ST I T Ao Y =Y 0 T ST = 1 USRS 3-34
B 6 Package QUITIIE ... ... ittt e ettt e e e e e e e e e e e e b e b e e eeaaaeas 3-53
B/ LISt of INSTrUCHION COOE .. .o e e e e e e e e e e e e e e eaan 3-55
BB MAaChINE TNSTIUCTIONT ..oiivniiiiiiiii e e e e e e e e et e e e et e e e eaa e e etaeeestnaaeeannaaes 3-56
B9 SFR MEMOTY MAP|.......oc ittt e e e e e e e e e s sinnens 3-67
B.IO PIN CONTIOUIAIIONS] ... ciieiiiiei ettt e et e e e e e e e e e et eeeaaeeeeaneees 3-68

7534 Group User's Manual iii



List of figures

List of figures

CHAPTER 1 HARDWARE

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

1 Pin configuration of M37534M4-XXXFP, M37534E8FP........cccccciiiiiiiiieee e 1-2
2 Pin configuration of M37534M4-XXXGP, M37534E4GP ......ccoovvicviiiieeeieeee e 1-3
3 Pin configuration of M37534RSS, M37534M4-XXXSP, M37534E8SP ........cccccocvevnen. 1-4
4 Functional block diagram (36P2R-A package type) ....cccccoeiiiiiieiiiiiiieee i 1-5
5 Functional block diagram (32P6U-A package type) .....ccccoeeriiiiiiiiiiiiiieiieeeeee i 1-6
6 Functional block diagram (42P4B package type) .....ccccceeiiiiiieeiiiiiiee e 1-7
7 Memory eXPanSioN PIAN .......oo e e e 1-9
8 740 Family CPU regiSter StrUCIUIE ........uuiiiiiieiii ettt e e e e e e e e 1-10
9 Register push and pop at interrupt generation and subroutine call ......................... 1-11
10 Structure Of CPU MOAE FEQISIEN ....uuuiiiiiiiiiiee et 1-13
11 Switching method of CPU mode regiSter ... 1-13
12 MemOry MaApP GIAGIAM ...oiiiiiii ittt e et e e e e e e e s e bb bbb e e e e e e aeeeeeeaaannnbeeaeees 1-14
13 Memory map of special function register (SFR) ...ccccccoviiiiiiiiiieee e 1-15
14 Structure of pull-up CONtrol rEQISIET ..o 1-16
15 Structure of port P1P3 CONtrol regiSter ... 1-16
16 Block diagram Of POItS (1) cueeeeeeiiiiiieiiiiiiie et 1-18
17 Block diagram Of POItS (2) .oooiioiiiiiiiiiiieie et a e e e 1-19
18 INLEITUPL COMNTIOL..eeiiiiiiiiiiie ettt e e e et e e s e nbee e e e e nnees 1-21
19 Structure of Interrupt-related regiSters ... 1-21
20 Connection example when using key input interrupt and port PO block diagram 1-22
21 Structure of timer X MOde FEQISTEN ....ccii i 1-23
22 Timer COUNt SOUICE St FEGISTEI .ot e e e e e e e 1-23
23 Block diagram of timer X, timer 1 and timer 2.......cccococoveeeeiiii e 1-24
24 Block diagram of UART Serial [JOL ... 1-25
25 Operation of UART serial 1/OL fUNCLION .....ooiiiiiiiiiiiiiiice e 1-25
26 Continuous transmission operation of UART serial /O .......ccooiiiiiiiiie 1-26
27 USB mode DIoCK diagram ... 1-27
28 USB transceiver block diagram ..o 1-27
29 Structure of serial I/OLl-related regiSters (1) ....ooooioiiiiiiiiiiiiee e 1-28
30 Structure of serial I/O1-related regiSters (2) ..o 1-29
31 Structure of serial 1/O1-related regiSters (B) .o 1-30
32 Structure of serial [/O1-related regiSters (4) ..o 1-31
33 Structure of serial I/O1-related registers (5) .o 1-32
34 Structure of serial 1/O2 coNtrol regiStersS ... 1-34
35 Block diagram Of Serial 1/O2 ... 1-34
36 Serial 1/02 timing (LSB firSt) .oooeiiiiiiiiiieeieeeee e 1-35
37 Structure Of A-D CONLIOl FEQISTET .oiiiiiiiiii e 1-36
38 Structure of A-D CONVEISION FEQISIET ....uuiiiiiiiiieii ittt 1-36
39 Block diagram Of A-D CONVEITET ..ottt e e e 1-36
40 Block diagram of watchdog tIMer .........cooiiiiiiiiiii e 1-37
41 Structure of watchdog timer control regiSter ... 1-37
42 EXample Of r@SEL CIFCUIT......uiiiiiiiiiii e 1-38
43 TiMING dIAQram Al FESEL ...ttt e e e e e e e e e e e s nb b as e e eeaaaaeas 1-38
44 Internal status of MICroCOMPULEr At FESEL .....ooiiiiiiiiiii e 1-39
45 External circuit of CEramic reSONALION .......ocueiiii i 1-40
46 External CloCK INPUL CIFCUIT ......eiiiiiiiiiii et e e e e 1-40
A7 STrUCLUrE Of MISRG ...ciiiiiiiiiii ettt e e e s snnaeeas 1-40

7534 Group User’'s Manual



List of figures

Fig. 48 Block diagram of system clock generating circuit (for ceramic resonator) ............ 1-41
Fig. 49 Programming and testing of One Time PROM VEerSioN .......cccccooiiiiiiiiiiiiiiieeenenins 1-43
Fig. 50 Timing chart after an iNtErruUPt OCCUIS ......eiiiiiiii it 1-45
Fig. 51 Time up to execution of the interrupt processing routine ...........cccoccceeeevviineeeennnnn. 1-45
Fig. 52 A-D conversion equivalent CIFCUIL.......cc.uuuiiiiiiiiie e 1-47
Fig. 53 A-D conversion tiMing CRar ... 1-47
Fig. 54 Handling of Vcc, USBVrerout pins of M37534M4-XXXFP, M37534E8FP ................ 1-52
Fig. 55 Handling of Vcc, USBVrerour pins of M37534M4-XXXGP, M37534E4GP ............... 1-53

Fig. 56 Handling of Vcc, USBVrerour pins of M37534E8SP, M37534M4-XXXSP, M37534RSS.... 1-54

CHAPTER 2 APPLICATION

Fig. 2.1.1 Memory map of registers relevant to 1/O POIt ......ccccooiiiiiiiiiiiie e 2-2
Fig. 2.1.2 Structure of Port Pi (i = 0 £0 4) oo 2-2
Fig. 2.1.3 Structure of Port Pi direction register (i = 0 t0 4) oooioiieeiiiiee e 2-3
Fig. 2.1.4 Structure of Pull-up CONtrol regiSter .......ceiiiii i 2-3
Fig. 2.1.5 Structure of PL1P3 CONtrol regiSter ..ouuiiiiiiiiie e 2-4
Fig. 2.1.6 Structure of Interrupt edge selection regiSter ........ccuueeiiiiiiiiiiiiiiieeee e 2-4
Fig. 2.1.7 Structure of Interrupt request regiSter 1 ... 2-5
Fig. 2.1.8 Structure of Interrupt control regisSter 1 ... 2-5
Fig. 2.1.9 Relevant regiSters SEHHNG ...t e e e e e e e 2-6
Fig. 2.1.10 Application CIrCUIt @XamMPIE ........oiiiiiiiiie e 2-6
Fig. 2.1.11 CONrOl PrOCEAUIE . ..eeeiiiiiieeieee ettt ettt et e e e e e e e e e e s bbb b s aeeeeaaaeeeeaaanns 2-7
Fig. 2.2.1 Memory map of registers relevant to timers ........cccoovcieiiiiiieinn e, 2-10
Fig. 2.2.2 Structure of Prescaler 12, PreSCaler X ... siiieeee e e e e e e 2-10
Fig. 2.2.3 Structure Of TIMEr L it e e e e e e e e e e e e 2-11
Fig. 2.2.4 Structure Of TIMEI 2 ..ot 2-11
Fig. 2.2.5 SIrUCtUre Of TIMEIr X it e e e e e e e e e e e e e e 2-12
Fig. 2.2.6 Structure of Timer X mode regiSter ... 2-13
Fig. 2.2.7 Structure of Timer count SOUrce Set regiSter ......cccuuiiiiiiiiieieiiieeiee e 2-14
Fig. 2.2.8 Structure of Interrupt edge selection register ..o 2-14
Fig. 2.2.9 Structure of Interrupt request regiSter 1 ......ooiiieiiiiiiie e 2-15
Fig. 2.2.10 Structure of Interrupt control register 1 ... 2-15
Fig. 2.2.11 Timers connection and setting of diviSion ratios .........ccccovciieiiiiie e, 2-17
Fig. 2.2.12 Relevant regiSters SEtHNG .....coooiiiiiiiiiiiiie e 2-18
Fig. 2.2.13 CONrol PrOCEAUIE ....ciiiiiiiiiie ettt e et e e e e snbbe e e e e eneeee 2-19
Fig. 2.2.14 Peripheral CirCUit @XampPle ... ..o 2-20
Fig. 2.2.15 Timers connection and setting of diviSion ratios .......cccccccoviiiiiiiiiis 2-20
Fig. 2.2.16 Relevant registers SEttiNg ......cccoooiiiiiiiiiiiiie e e 2-21
Fig. 2.2.17 CONIrOl PrOCEAUIE . ..ttt e e e e e e e e e e bbb e e e e e e e e e e e s aaannns 2-22
Fig. 2.2.18 Judgment method of valid/invalid of input pulSes ..........cccoceriiiiiiinii e 2-23
Fig. 2.2.19 Relevant regiSters SEtHNG .....coooiiiiiiiiiiiiee e e 2-24
Fig. 2.2.20 CONIOl PrOCEAUIE ....ciii ittt e e et e e e s e e e e eneeee 2-25
Fig. 2.2.21 Timers connection and setting of diviSion ratios .........ccccovcicieiiniie i, 2-26
Fig. 2.2.22 Relevant regiSters SEtHNG .....coooiiiiiiiiiiiiie e 2-27
Fig. 2.2.23 CONrOl PrOCEAUIE ....coiiiiiiiiee ettt et e e e e b e e e e eneeee 2-28
Fig. 2.3.1 Memory map of registers relevant to serial /O .......ccccccoiiiiiiiiiiiis 2-29
Fig. 2.3.2 Structure of Transmit/Receive buffer register ..o 2-29
Fig. 2.3.3 Structure of UART StatuS rEQISTEI .....uuuiiiiiiiieiiii ittt 2-30
Fig. 2.3.4 Structure of Serial I/O1 control regiSter ... 2-30
Fig. 2.3.5 Structure of UART CONrol regiSter ... 2-31

7534 Group User’'s Manual \Y;



List of figures

Fig. 2.3.6 Structure of Baud rate geNErator ........cccooiiiiee it 2-31
Fig. 2.3.7 Structure of Serial [/O2 control regiSter ... 2-32
Fig. 2.3.8 Structure of Serial 1/O2 regiSter ... 2-32
Fig. 2.3.9 Structure of Interrupt edge selection regisSter ... 2-33
Fig. 2.3.10 Structure of Interrupt request register 1 ... 2-33
Fig. 2.3.11 Structure of Interrupt control regisSter 1 .....cccoiiiieiiiiee e 2-34
Fig. 2.3.12 Serial 1/O connection eXamplesS (1) .....eeeeeiiiiaiiiiiiiiieeee e 2-35
Fig. 2.3.13 Serial 1/0O connection eXamples (2) ... 2-36
Fig. 2.3.14 Serial 1/O transfer data format ............ocooiiiiiiiiiii e 2-37
Fig. 2.3.15 CoNNECHION IAGIAIM .iiiiiiiiiiiie ittt e e e e et e e e s snbe e e e eneee 2-38
Fig. 2.3.26 TIiMING CRAIT ...oooiiiiiiiei et e e et e e e s e ebe e e e e e neee 2-38
Fig. 2.3.17 Registers setting relevant to transSmMisSSioN SIide .........ccccoeiiiiiiiiiiiiiiiiieieeee s 2-39
Fig. 2.3.18 Transmission data setting of serial [/O2 .......cccooveiiiiiiiiini e 2-40
Fig. 2.3.19 Registers setting relevant to reception Side .........cceueiiiiiiiiiiiiiiiiiii e 2-40
Fig. 2.3.20 Control procedure of transSmMisSSioN SIAE .......ccooiviiieiiiiiii i 2-41
Fig. 2.3.21 Control procedure of reception Side ..ot 2-42
Fig. 2.3.22 CoNNECHON IQQIAIM .....uiiiiiiiiiiie et e e e e e e e e s e e e e e e e e e e e e e aans 2-43
Fig. 2.3.23 TIMING CRAIT c..eoiiiiiiie e e et e e e s e e e e e e 2-43
Fig. 2.3.24 Registers setting relevant to transSmMisSSioN SIide .........cccoceiiiiiiiiiiiiiiiiieeeee s 2-45
Fig. 2.3.25 Registers setting relevant to reception Side ........ccccoocieiiiiiiie i 2-46
Fig. 2.3.26 Control procedure of transSmisSSioN SIide ..........oooiiiiiiiiiiiiiiiie e 2-47
Fig. 2.3.27 Control procedure oOf reception Side ........cccceeiiiiiiie i 2-48
Fig. 2.3.28 Sequence of clearing serial /O ..o 2-49
Fig. 2.4.1 Communication sequence Of USB ... 2-51
Fig. 2.4.2 Data structure of USB packetl ... 2-52
Fig. 2.4.3 USB (L.S.) INTEITACE ...uuitiiiiiiiei ettt e e e e e e e e e 2-55
Fig. 2.4.4 USB (L.S.) CONNECLION @XAMPIE .oooiiiiiiiiiiiiiiiiee e 2-55
Fig. 2.4.5 Memory map of registers relevant to USB ..........cccuiiiiiiiiiiiiiiiieee e 2-56
Fig. 2.4.6 Description of the register SIrUCTUIE ...t 2-57
Fig. 2.4.7 Register structures relevant t0 USB (1) ..ccccoeeiiiiiiieiiiiiiiee e 2-58
Fig. 2.4.8 Register structures relevant to USB (2) ....coooiiiiiiiiiiiiieiieeeiiieeeee e 2-59
Fig. 2.4.9 Register structures relevant t0 USB (3) ..ceviiiiiiiiieiiiiiiee e 2-60
Fig. 2.4.10 Register structures relevant to USB (4) ...ccooiiiiiiiiiiiiiieieieeee e 2-61
Fig. 2.4.11 Control method of coONtrol SEQUENCE .........eiviiiiiiiiie e 2-62
Fig. 2.4.12 Timing chart of the transaction according to each token ..........ccccccovviiennnnnn. 2-63
Fig. 2.4.13 USB interrupt processing example (OUT tOKEN) ......cccoeiiiiiiiiiiiiiiiiiiiieee s 2-65
Fig. 2.4.14 USB interrupt processing example (IN token) ......cccoociiiiiiiiiiiniiiiee, 2-66
Fig. 2.4.15 Data read timing of SETUP tOKEN .......coiiiiiiiiiiii e 2-67
Fig. 2.4.16 Data read timing of OUT tOKEN ....ccuviiiiiiiiie e 2-67
Fig. 2.4.17 Data read timing of IN token (endpoint 0) and IN token (endpoint 1) token .2-67
Fig. 2.4.18 Timing chart of each signal ... 2-68
Fig. 2.4.19 Example for determination of resume iNterrupt ........ccccceevviiieiiiiiie e 2-69
Fig. 2.4.20 Processing for width of SEQ SIgNal ..ot 2-69
Fig. 2.5.1 Memory map of registers relevant to A-D CONVEIEr .......ccocoveiiviiiiieiiiiieee e 2-70
Fig. 2.5.2 Structure of A-D CONLIOl reQISTEI ..o 2-70
Fig. 2.5.3 Structure of A-D conversion register (high-order) ........ccccooviiiiiiniiii i, 2-71
Fig. 2.5.4 Structure of A-D conversion register (IOW-0rder) .......ccccceeeiiiiiiie e 2-71
Fig. 2.5.5 Structure of Interrupt edge selection regisSter ... 2-72
Fig. 2.5.6 Structure of Interrupt request regiSter 1 ......cooiieiiiiiiie e 2-72
Fig. 2.5.7 Structure of Interrupt control register 1 ... 2-73
Fig. 2.5.8 CONNECLION IAGIAM ..oiiiiiiiiiieiiiiee et et e e e e e e e e 2-74
Fig. 2.5.9 Relevant regisSters SEtlNG ... e e 2-74

Vi 7534 Group User's Manual



List of figures

Fig. 2.5.10 Control procedure for 8-Dit read ........cccooviiiii i 2-75
Fig. 2.5.11 Control procedure for 10-Dit read .........cccoeeiiiiiiiiiiiie e 2-75
Fig. 2.6.1 Example of pOWEIon reSet CIFCUIL .......eeiiiiiiiiie e 2-77

CHAPTER 3 APPENDIX

Fig. 3.1.1 Power source current measurement circuit in USB mode at oscillation stop ..... 3-5
Fig. 3.1.2 Output switching characteristics measurement CIrCUit ..........cccccevviiieeeiiiiieeee e, 3-6
Fig. 3.1.3 TIMING CRAIT ..ot e e e e e e e e e s et bbb e e e eaaaaaeeae s 3-7
Fig. 3.2.1 lcc-Vec characteristic example (in double-speed mode) ..., 3-8
Fig. 3.2.2 lcc-Vce characteristic example (at WIT instruction execution) ..........cccoovcveveeennnee. 3-8
Fig. 3.2.3 lcc-Vce characteristic example (At STP instruction execution, Ta = 25 °C) ........ 3-9
Fig. 3.2.4 lcc-Vce characteristic example (At STP instruction execution, Ta = 85 °C) ........ 3-9
Fig. 3.2.5 lcc-Vee characteristic example (at USB suspend, Ta = 25 °C) .cccveeieiiiiiiiins 3-10
Fig. 3.2.6 lcc-Vce characteristic example (A-D conversion executed/not executed, f(Xin) = 6MHz,

in double-Speed MOAE) ..o 3-10
Fig. 3.2.7 Vou-lon characteristic example of P-channel (Ta = 25 °C): normal port ............ 3-11
Fig. 3.2.8 Von-lon characteristic example of P-channel (Ta = 85 °C): normal port ............ 3-11
Fig. 3.2.9 Vou-lou characteristic example of N-channel (Ta = 25 °C): Normal port............. 3-12
Fig. 3.2.10 Voi-lou characteristic example of N-channel (Ta = 85 °C): Normal port.......... 3-12
Fig. 3.2.11 Voi-low characteristic example of N-channel (Ta = 25 °C): LED drive port..... 3-13
Fig. 3.2.12 Voi-lou characteristic example N-channel (Ta = 85 °C): LED drive port.......... 3-13
Fig. 3.2.13 “L” input current of port at pull-up transistor connected ...........ccccccceieeiiniiniinns 3-14
Fig. 3.2.14 Definition of A-D CONVEISION ACCUTACY .....ueveeiiiiiiieeiiiiiieeeaiiieee e e aiteeee s e steeee e s e 3-15
Fig. 3.2.15 A-D conversion typical characteristic example ..........cccoociiiiiiiiiiiiiees 3-16
Fig. 3.3.1 Sequence of switch the detection edge .......ccccoiiiieiiiiiiiie i 3-17
Fig. 3.3.2 Sequence of check of interrupt request Dit........cccccoiiiiiiiiiii 3-17
Fig. 3.3.3 Structure of interrupt control register 1 ... 3-18
Fig. 3.3.4 Sequence of clearing serial /O ..o 3-18
Fig. 3.3.5 Initialization of processor Status regiSter ........oooiiiiiiiiiiiiiiie e 3-21
Fig. 3.3.6 Sequence of PLP inStruction eXeCULiON .........cooiiiiieiiiiiiiee e 3-21
Fig. 3.3.7 Stack memory contents after PHP instruction execution ...........cccccccciieiinnnnnns 3-21
Fig. 3.3.8 Status flag at decimal calCulations ...........ccccooiiiiiiiiiiii e 3-22
Fig. 3.3.9 Programming and testing of One Time PROM Version ........cccccccovviveineennnenenene 3-23
Fig. 3.3.10 Switching method of CPU mode regiSter ... 3-26
Fig. 3.4.1 Selection Of PACKAGES .......eiiiiiiiiiii et 3-27
Fig. 3.4.2 Wiring for the RESET PIN ..ottt e e e e e e e e 3-27
Fig. 3.4.3 WIring for ClOCK 1/O PINS ..uuiiiiiiiiiie et 3-28
Fig. 3.4.4 Wiring fOr CNVSs PN coooiiiiiiiiiiie et 3-28
Fig. 3.4.5 Wiring for the Vee pin of the One Time PROM .......cccooiiiiiiiiiiiiiiicee s 3-29
Fig. 3.4.6 Bypass capacitor across the Vss line and the Vcc line ..o, 3-29
Fig. 3.4.7 Analog signal line and a resistor and a Capacitor ......ccccccceviiiiiiiiiiiiiiiie s 3-30
Fig. 3.4.8 Wiring for a large current signal line ........cccccooiiiiii e 3-30
Fig. 3.4.9 Wiring of signal lines where potential levels change frequently ......................... 3-31
Fig. 3.4.10 Vss pattern on the underside of an oscillator .........cccccoviiiiiiiiiiis 3-31
Fig. 3.4.11 Setup fOr 1/O POIS woiiiiiiiiiiie et et e e e e e e e e e 3-32
Fig. 3.4.12 Watchdog timer DY SOfIWAIE ..o 3-33
Fig. 3.5.1 Structure of POrt Pi (i = 0 £0 4) .eiii i 3-34
Fig. 3.5.2 Structure of Port Pi direction register (i = 0 10 4) ... 3-34
Fig. 3.5.3 Structure of Pull-up cONtrol regiSter ... 3-35
Fig. 3.5.4 Structure of Port P1P3 control regiSter ... 3-35
Fig. 3.5.5 Structure of Transmit/Receive buffer register ... 3-36

7534 Group User's Manual vii



List of figures

Fig. 3.5.6 Structure of UART StatuS regiSIer ..ouuiiiiiiiiiiee et 3-36
Fig. 3.5.7 Structure of USB StatuS FreQiSIer .....c.uuiiiiiiiiiiiee e 3-37
Fig. 3.5.8 Structure of Serial 1/O1 coNtrol regiSter......cccoiiiiie i 3-38
Fig. 3.5.9 Structure of UART CONLIOl r@QISTEIN ....uuuiiiiiiiiiiiii e 3-38
Fig. 3.5.10 Structure of Baud rat@ geNEIratOr ...........iiii it 3-39
Fig. 3.5.11 Structure of USB data toggle synchronization register .........cccccceeeeevniieeernnnnn 3-39
Fig. 3.5.12 Structure of USB interrupt source discrimination register 1 .........ccccccccrnnniinnns 3-39
Fig. 3.5.13 Structure of USB interrupt source discrimination register 2 ...........cccocoveeeernnnn. 3-40
Fig. 3.5.14 Structure of USB interrupt control regisSter .........ccvuiiiiiiiiieeiiieeeeee e 3-40
Fig. 3.5.15 Structure of USB transmit data byte number set register O........cccccevcviveennnnen. 3-41
Fig. 3.5.16 Structure of USB transmit data byte number set register 1......cccccccovivveennnnn. 3-41
Fig. 3.5.17 Structure of USB PID control register O ........coooiiiiiiiiiiiiiieeeeiiiieeieeee e 3-41
Fig. 3.5.18 Structure of USB PID control register 1 ......ccocoooiiiiiiiieiinieee e 3-42
Fig. 3.5.19 Structure of USB address reQiSIer ... 3-42
Fig. 3.5.20 Structure of USB sequence bit initialization register ........cccccccovvviieiiniineeenene, 3-42
Fig. 3.5.21 Structure of USB CONtrol reQISIEr .......eiiiiiiiiiiiiiie e 3-42
Fig. 3.5.22 Structure of Prescaler 12, Prescaler X ...t 3-43
Fig. 3.5.23 Structure of TIMEr L ... 3-43
Fig. 3.5.24 Structure Of TIMEI 2 ...t a e e e e e e 3-44
Fig. 3.5.25 Structure of Timer X mode regiSter ......oocciiiiiiiiiiei e 3-45
Fig. 3.5.26 Structure Of TIMEI X ...t e e e e e e e e e e e e e 3-46
Fig. 3.5.27 Structure of Timer count source Set regiSter .....ccccovieiiiiii e 3-46
Fig. 3.5.28 Structure of Serial 1/02 coNtrol regiSter ... 3-47
Fig. 3.5.29 Structure of Serial [/O2 regiSter ........uuiiiiiiiieaei e 3-47
Fig. 3.5.30 Structure of A-D CONtrOl reQISTEr ...cuuiiiiiiiiiee e 3-48
Fig. 3.5.31 Structure of A-D conversion register (high-order) .......ccccooiiiiiicies 3-49
Fig. 3.5.32 Structure of A-D conversion register (IOW-0rder).......cccccoviiieiiniiineenniiieee e 3-49
Fig. 3.5.33 Structure Of MISRG .....ooiiiiiiiii ettt 3-50
Fig. 3.5.34 Structure of Watchdog timer control regiSter ... 3-50
Fig. 3.5.35 Structure of Interrupt edge selection regisSter .......coccoceeiiiiieiiie e 3-51
Fig. 3.5.36 Structure of CPU MOAE IEQISTEI .....uuuiiiiiiiiieeeie ittt e e 3-51
Fig. 3.5.37 Structure of Interrupt request register 1 ... 3-52
Fig. 3.5.38 Structure of Interrupt control register 1 ... 3-52
Fig. 3.10.1 M37534M4-XXXFP, M37534E8FP pin configuration .........ccccccoeviiiieeiiniiineennenn, 3-68
Fig. 3.10.2 M37534M4-XXXGP, M37534E4GP pin configuration ...........ccccoviveeeniniiineennenn, 3-69
Fig. 3.10.3 M37534M4-XXXSP, M37534E8SP, M37534RSS pin configuration ................... 3-70

viii 7534 Group User's Manual



List of tables

List of tables

CHAPTER 1 HARDWARE

Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

I T B =TT o ] o] (o I PP PP 1-8
2 List of sSUPPOrted ProUUCTS ....cooiiiiiiiiie et e e e e e e e e e e ennneees 1-9
3 Push and pop instructions of accumulator or processor status register ............... 1-11
4 Set and clear instructions of each bit of processor status register..............o........ 1-12
5 1/O port fFUNCHION tADIE .....cooiiiiiiie e 1-17
6 Interrupt vector address and Priority ...t 1-20
7 Relation of the width of SEO and the state of the device ........ccccooiiiiiniiiennnnn 1-33
8 Special programming Q0APLET .....c.oiiuiiiiii e 1-43
9 Interrupt sources, vector addresses and interrupt priority ........cccceeeeeeeiiiiniiiiieeenen. 1-44
10 Change of A-D conversion register during A-D CONVEISION ......coccveeeeiiiiieeeennnnen. 1-46
11 SEOP MOAE STALE ..ooiiiiiiiii ittt e et e e e e e e e e e e e bnb b e e aeeeaaaeeeas 1-48
12 Walt MOTE SEALE oot e e et e e e et e e e e e 1-49
13 Description of improved USB function for 7534 Group ......ccccceeevviiieeeiiniieeeeeninn, 1-50
14 Differences among 32-pin, 36-pin and 42-Pin ... 1-50
15 Differences among 32-pin, 36-pin and 42-pin (SFR) ..ccccccoiiiiiiiiiiiee 1-51

CHAPTER 2 APPLICATION

Table
Table
Table
Table
Table
Table
Table
Table

2.1.1 Handling Of UNUSEA PINS ..ottt a e e 2-7
2.2.1 CNTRO active edge switch bit fUNCLION........ccooiiiiiiiii e 2-13
2.3.1 Setting example of baud rate generator (BRG) and transfer bit rate values. 2-44
2.4.1 Transfer types Of USB ...t e e 2-50
2.4.2 Packet types Of USB ... 2-52
2.4.3 Data structure of USB PACKEL .....ccoiiiiiiiiiiiiiie e 2-53
2.4 PID oot e e e e a et e e anaaeeae s 2-53
2.4.5 Special signal Of USB ... 2-54

CHAPTER 3 APPENDIX

Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

3.1.1 Absolute MaXimMUM FAUINGS ...ooeiiiiiiiiie e e e s aaneeee s 3-2
3.1.2 Recommended operating CONAItIONS ......ccoooiiiiiiiiiiiiiiii e 3-3
3.1.3 Electrical characCteriStiCS (L) ...cciiiuuriiiiiiiiieee ittt ibee e e 3-4
3.1.4 Electrical characteriStiCS (2) .....oiiiiiiiiiiiiiiiie e a e 3-5
3.1.5 A-D Converter characteriStiCS (1) ...coccvueeeeiiiiieieeiiiiiee et rraee e srreee e 3-5
3.1.6 TiMING FEQUITEMIENTS ...uiiiiiiiiiieiee ittt e e e e e e s e et e e e e e e e s s s aabb b b e e eeeeaaaaeeeaaaanns 3-6
3.1.7 Switching CharacCteriStiCS .....ccoiiiiiiiiieee e e 3-6
3.3.1 Programming GQ0APLEIS ......cueeiiiiiiiiiiie ittt e et e et e s e e s 3-23
3.3.2 PROM programmer address SettiNg .......ccooouiiiiiiiiiiiiiiiieeee e 3-24
3.5.1 CNTRo active edge switch bit fuNCtion ........cccoiiiiiiiii e 3-45

7534 Group User's Manual iX



CHAPTER 1
HARDWARE

DESCRIPTION

FEATURES

APPLICATION

PIN CONFIGURATION

FUNCTIONAL BLOCK

PIN DESCRIPTION

GROUP EXPANSION

FUNCTIONAL DESCRIPTION

NOTES ON PROGRAMMING

NOTES ON USE

DATA REQUIRED FOR MASK ORDERS
ROM PROGRAMMING METHOD
FUNCTIONAL DESCRIPTION SUPPLEMENT
DESCRIPTION OF IMPROVED USB
FUNCTION FOR 7534 GROUP
DIFFERENCES AMONG 32-PIN, 36-PIN
AND 42-PIN

DESCRIPTION SUPPLEMENT FOR
USE OF USB FUNCTION STABLY



HARDWARE

DESCRIPTION/FEATURES/APPLICATION/PIN CONFIGURATION

DESCRIPTION

The 7534 Group is the 8-bit microcomputer based on the 740 family
core technology.

The 7534 Group has a USB, 8-bit timers, and an A-D converter, and
is useful for an input device for personal computer peripherals.

FEATURES
® Basic machine-language instructions...............cccoccevevvveiennnne 69
e The minimum instruction execution time ..............c..cc....... 0.34 ps

(at 6 MHz oscillation frequency for the shortest instruction)
o Memory size

ROM ..ot 8K to 16K bytes
RAM Lo 256 to 384 bytes
® Programmable /O ports ........cccceeeveeenieeiiireeneen, 28 (36-pin type)

............................................................................ 24 (32-pin type)
............................................................................ 33 (42-pin type)
O [NLEITUPLS ..t 14 sources, 8 vectors
O THMEIS .eiiieiiie ettt ettt e et et e e eneee s 8-bit 0 3

® Serial I/O1 ....cccovvviiiiiicee. used only for Low Speed in USB
(based on USBSpec. Rev.1.1)

(USB/UART)

@ Serial I/O2 ......cveiiiiiieeee e 8-bit0 1
(Clock-synchronized)

® A-D CONVEIEr ...ccooviiiiiiiiiiiccie e, 10-bit O 8 channels
® Clock generating CirCUIt ..........cccoeveerierieiieiieieeene Built-in type
(connect to external ceramic resonator or quartz-crystal oscillator )

® Watchdog timer .........cccceviiiiii e 16-bit 01

e Power source voltage
At 6 MHz XIN oscillation frequency at ceramic resonator
................................ 4.1t05.5V(4.4105.25 V at USB operation)
® Power disSipation .........ccccvcveeiiieeiiiee e 30 mW (standard)
® Operating temperature range ...........ccooeeeeevveeenveeennns —201t0 85 °C
(0 to 70 °C at USB operation)
e Built-in USB 3.3 V Regulator + transceiver based on USB Spec.
Rev.1.1

APPLICATION

Input device for personal computer peripherals

PIN CONFIGURATION (TOP VIEW)

Pl2/Scik <> [1 |
P13/SpaTAa «— [2
P14/CNTRo «— |3
P20/ANo «—> [4_|
P21/AN1«— [5 |
P22/AN2 < [6_|
P23/AN3 <> [7_|
P24/AN4 < [8 |
P25/ANs «—» [9 |
P26/AN6 «<— [10 |
P27/AN7 «—— [11]
VREF — [12]
RESET — [13]
CNVss — [14]
Vee [15 ]
XiN— [16]
XouT +— E
Vss [18]

d483vES.LEIN

O

136 | <= P11/TxD/D+
135] == P10/RxD/D-
[34] = PO7
[33] = POs

(JZO [32] «— POs

~ [31] «— P04

gl [30] «— PO3

cﬁ [29] < P02

< (28] <> PO1

N [27] <= P0o

>I< E — USBVREFOUT

> [25] <= P37/INTo

X [24] <> P3s5(LEDs)

11 [23] +> P34(LEDa)

U [22] < P33(LED3)
[21] <= P32(LED2)
[20] < P31(LEDz1)
[19] «> P3o(LEDo)

Outline: 36P2R-A

Fig. 1 Pin configuration of M37534M4-XXXFP, M37534E8FP
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HARDWARE
PIN CONFIGURATION

PIN CONFIGURATION (TOP VIEW)

17 |—» USBVREFOUT

24 ] <> P05
23 | P05
E“’ P04
21 | <> P03
20 | <> PO2
19 | <> P01
18 ] <> POo

P07 <= [55
P1o/RxD/D- <»[5]
P11/TxD/D+ <»[57]

P12/ScLk <> [>g]
P13/SDATA <[5 |
P14/CNTRo <> [3q]
P20/ANo <> [31]
P21/AN1 <> [37]

M37534M4-XXXGP
M37534E4GP

[16]<> P34(LEDa)
[15] <> P33(LED3)
[14] <> P33(LED2)
[13]<> P31(LED1)
[12]=> P3o(LEDO)
[11] Vss
[10]—> Xour

| o] -— Xin

S
1O

P24/AN4 <> 3|
P25/AN5 <»[ 4 |

(2]

Vcc

VREF —»| 5 |
RESET —»[6]

CNVss —»[ 7]

P22/AN2 <>
P23/AN3 -»

Outline 32P6U-A

Fig. 2 Pin configuration of M37534M4-XXXGP, M37534E4GP
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HARDWARE
PIN CONFIGURATION

PIN CONFIGURATION (TOP VIEW)

/
P14/CNTRO<— [1 | 42 ]
P15« [2 ] 41]
Ple«— [3 | 40 ]
P20/ANo «— [4_| El
P21/AN1+—> [5 | 38]
NC  [6] 37 ]
P22/AN2 «> [7_| ozo ozo (% 36 |
P23/AN3 <+ [8 | N4 5]
P24/AN4 «> [9] U1 U1 Ol 34 ]
P25/ANs «— [10 | W O W 53]

DD

P26/AN6 «— [11] M Py [32]

<
P27/AN7 < [12] ORrNW 31
P4o - [13] D[]
P41+ [14] TJ>< [29]
VREF — [15]| )4 28 |
RESET — [16 op) 27
CNVss — [17] U 26
Vee [18] 25
XIN—> [19] 24
XouT «— [20] 23
Vss [21] 22

Outline 42S1M, 42P4B

P13/SDATA
P12/SCLK
P11/TxD/D+
P1o/RxD/D-
P07

POse

POs

P04

P03

P02

P01

POo
USBVREFOUT
P37/INTo
P36(LEDs)/INT1
P35(LED5)
P34(LEDa4)
P33(LED3)
P32(LED2)
P31(LED1)
P30(LEDo)

Fig. 3 Pin configuration of M37534RSS, M37534M4-XXXSP, M37534E8SP
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HARDWARE

FUNCTIONAL BLOCK

0d 1od oy

dn axem uo-Aay

Td 1od oy

(8)zo/s

zd uod oyl ed 1od o/l
— — FEN
- @ - EOOOOHH— - - — X 5 _ ®
Yvyy YYYYYY
®d | Led
O0LNI ;
1NO43¥AGSN
¥
(s1asn (o1)
(®ro/s E%@S

t

L

L
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FUNCTIONAL BLOCK
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Fig. 4 Functional block diagram (36P2R-A package type)
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FUNCTIONAL BLOCK

0d uod o/l Td Hod o/l 2d vod o/l £€d uod 0/l
— —r — A
— - —eReee- - —— - —— - —0 - —— - GEOROO— - ——— - - - f -

@td | ©zd | (Qed | !

dn axem uo-Aay

1N0438AGSN 1

I
A

(om)
sdasn
(8)zo/ns AAw:V”O\_m ‘_mt%.@ 09 !

| t it { |

| 1
H 1959y -a— Jaw) Bopyorem h
1 10d HOd
04LND S |
(8) X Jowi] (8) X J8[eosald
! A
_ (8) ¢ 1oL { (8) 2T 491@9S9Md X i
X (8) T JowiL v NOY NV Y
ndo 1n2119 Bunelauab 300D M
_ t
1
I
4 i
- e ——@-o—-—
SSAND 1353y 20/ SSA 1noxX NI
nduj 19s9y indino %2010 Indul 320D

(v-n9dze :2bexoed) NvYOVIA 00719 TVNOILONNS

Fig. 5 Functional block diagram (32P6U-A package type)

7534 Group User’'s Manual

1-6



HARDWARE

FUNCTIONAL BLOCK
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HARDWARE
PIN DESCRIPTION

PIN DESCRIPTION

Table 1 Pin description

Pin Name Function [ Function expect a port function
Vce, Vss Power source *Apply voltage of 4.1 to 5.5 V to Vcc, and 0 V to Vss.
VREF Analog reference | *Reference voltage input pin for A-D converter
voltage
USBVREFOUT | USB reference *QOutput pin for pulling up a D- line with 1.5 kQ external resistor
voltage output
CNVss CNVss *Chip operating mode control pin, which is always connected to Vss.
RESET Reset input *Reset input pin for active “L”
XIN Clock input eInput and output pins for main clock generating circuit
«Connect a ceramic resonator or quartz crystal oscillator between the XiN and XouT pins.
Xout Clock output _ ) )
«If an external clock is used, connect the clock source to the XIN pin and leave the XouT pin open.
POo-P0O7 1/0 port PO 8-bit 1/0 port. *Key-input (key-on wake up
«I/O direction register allows each pin to be individually programmed interrupt input) pins
as either input or output.
*CMOS 3-state output structure at CMOS compatible input level
*Whether a built-in pull-up resistor is to be used or not can be
determined by program.
P1o/RxD/D- 1/0 port P1 *7-bit 1/O port Serial I/01 function pin
P11/TxD/D+ «I/O direction register allows each pin to be individually programmed
P12/ScLk as either input or output. Serial 1/02 function pin
P13/SDATA *CMOS 3-state output structure at CMOS compatible input level
P14/CNTRO *CMOS/TTL level can be switched for Plo, P12, P13. <Timer X function pin
*When using the USB function, input level of ports P10 and P11
becomes USB input level, and output level of them becomes
P1s, Plse USB output level.
P20/ANo— 1/0 port P2 «8-bit I/0 port having almost the same function as PO *Input pins for A-D converter
P27/AN7 *CMOS 3-state output structure at CMOS compatible input level
P30-P35 1/0 port P3 +8-bit 1/0 port
«I/O direction register allows each pin to be individually programmed as either input or output.
*CMOS 3-state output structure at CMOS compatible input level (CMOS/TTL level can be switched
for P36, P37).
*P30 to P36 can output a large current for driving LED.
P36/INT1 *Whether a built-in pull-up resistor is to be used or not can be eInterrupt input pins
P37/INTo determined by program.
P4o, P41 1/O port P4 *2-bit 1/0 port
«I/O direction register allows each pin to be individually programmed as either input or output.
1-8 7534 Group User’'s Manual



GROUP EXPANSION

Mitsubishi plans to expand the 7534 group as follow:

Memory type

Support for Mask ROM version, One Time PROM version, and Emu-

lator MCU .

Memory size

ROM/PROM size ............
RAM SIiz€.....cccvvvveeeein

8 K to 16 K bytes
256 to 384 bytes

Package

HARDWARE
GROUP EXPANSION

........................ 0.8 mm-pitch plastic molded SOP
...................... 0.8 mm-pitch plastic molded LQFP
.................................. 42 pin plastic molded SDIP
.................... 42 pin shrink ceramic PIGGY BACK

ROM size
(Byte)

16K [ == mm e

B~
. *
1
1
I
I
| + Under development
1
| 1 1
0 128 256 384 RAMsize
(Byte)
Fig. 7 Memory expansion plan
Currently supported products are listed below.
Table 2 List of supported products
(P) ROM size (bytes) RAM size
Product ROM size for User () (bytes) Package Remarks
M37534M4-XXXFP 8192 (8062) 256 36P2R-A Mask ROM version
M37534M4-XXXGP 8192 (8062) 256 32P6U-A Mask ROM version
M37534M4-XXXSP 8192 (8062) 256 42P4B Mask ROM version
M37534E4GP 8192 (8062) 256 32P6U-A One Time PROM version (blank)
M37534E8FP 16384 (16254) 384 36P2R-A One Time PROM version (blank)
M37534E8SP 16384 (16254) 384 42P4B One Time PROM version (blank)
M37534RSS 384 42S1M Emulator MCU

7534 Group User’'s Manual
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HARDWARE
FUNCTIONAL DESCRIPTION

FUNCTIONAL DESCRIPTION

Central Processing Unit (CPU)

The 7534 group uses the standard 740 family instruction set. Refer to
the table of 740 family addressing modes and machine instructions or
the 740 Family Software Manual for details on the instruction set.
Machine-resident 740 family instructions are as follows:

The FST and SLW instructions cannot be used.

The MUL and DIV instructions cannot be used.

The WIT and STP instructions can be used.

The central processing unit (CPU) has the six registers.

Accumulator (A)
The accumulator is an 8-bit register. Data operations such as data
transfer, etc., are executed mainly through the accumulator.

Index register X (X), Index register Y (Y)

Both index register X and index register Y are 8-bit registers. In the
index addressing modes, the value of the OPERAND is added to the
contents of register X or register Y and specifies the real address.
When the T flag in the processor status register is set to “1”, the value
contained in index register X becomes the address for the second
OPERAND.

Stack pointer (S)

The stack pointer is an 8-bit register used during sub-routine calls and
interrupts. The stack is used to store the current address data and
processor status when branching to subroutines or interrupt routines.
The lower eight bits of the stack address are determined by the con-
tents of the stack pointer. The upper eight bits of the stack address are
determined by the Stack Page Selection Bit. If the Stack Page Selec-
tion Bit is “0”, then the RAM in the zero page is used as the stack area.
If the Stack Page Selection Bit is “1”, then RAM in page 1 is used as
the stack area.

The Stack Page Selection Bit is located in the SFR area in the zero
page. Note that the initial value of the Stack Page Selection Bit varies
with each microcomputer type. Also some microcomputer types have
no Stack Page Selection Bit and the upper eight bits of the stack ad-
dress are fixed. The operations of pushing register contents onto the
stack and popping them from the stack are shown in Figure 9.

Program counter (PC)

The program counter is a 16-bit counter consisting of two 8-bit regis-
ters PCH and PCL. It is used to indicate the address of the next instruc-
tion to be executed.

b7 bo
| A | Accumulator
b7 bo
| X | Index Register X
b7 bo
| Y | Index Register Y
b7 bo
| s | Stack Pointer
b15 b7 bo
| PCH | PCL | Program Counter
b7 bo

[N[V|[T[B[D| I|Z|C| Processor Status Register (PS)

Carry Flag

—— Zero Flag

Interrupt Disable Flag

Decimal Mode Flag

Break Flag
Index X Mode Flag
Overflow Flag

Negative Flag

Fig. 8 740 Family CPU register structure

1-10
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HARDWARE
FUNCTIONAL DESCRIPTION

On-going Routine

Interrupt request !

(Note)

Execute JSR

Store Return Address
on Stack

Execute RTS

M (S) < (PCH)
C)«(S-1)
M (S)< (PCL)

) «(S-1)
M (S)« (PS)
)« (S-1)

Store Return Address
on Stack

Store Contents of Processor
Status Register on Stack

Interrupt
Service Routine

(S) «(S+1)
(PCL)« M (S)

Restore Return
Address

PCH)<M (S

[

| Flag “0” to “1”

Execute RTI Fetch the Jump Vector

I

Note : The condition to enable the interrupt —>Interrupt enable bit is “1”
Interrupt disable flag is “0”

(S) «(S+1)
(PS) « M(S)
®) «<(S+1)

(PCL« M (S)
®C)«<(S+1)
(PCH<«M (S)

Restore Contents of
Processor Status Register

Restore Return
Address

Fig. 9 Register push and pop at interrupt generation and subroutine call

Table 3 Push and pop instructions of accumulator or processor status register

Push instruction to stack

Pop instruction from stack

Accumulator

PHA

PLA

Processor status register

PHP

PLP

7534 Group User’'s Manual
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HARDWARE
FUNCTIONAL DESCRIPTION

Processor status register (PS)
The processor status register is an 8-bit register consisting of flags
which indicate the status of the processor after an arithmetic opera-
tion. Branch operations can be performed by testing the Carry (C) flag,
Zero (Z) flag, Overflow (V) flag, or the Negative (N) flag. In decimal
mode, the Z, V, N flags are not valid.
After reset, the Interrupt disable (I) flag is set to “1”, but all other flags
are undefined. Since the Index X mode (T) and Decimal mode (D)
flags directly affect arithmetic operations, they should be initialized in
the beginning of a program.
(1) Carry flag (C)
The C flag contains a carry or borrow generated by the arithmetic
logic unit (ALU) immediately after an arithmetic operation. It can
also be changed by a shift or rotate instruction.
(2) Zero flag (2)
The Z flag is set if the result of an immediate arithmetic operation
or a data transfer is “0”, and cleared if the result is anything other
than “0".
(3) Interrupt disable flag (1)
The | flag disables all interrupts except for the interrupt
generated by the BRK instruction.
Interrupts are disabled when the | flag is “1”.
When an interrupt occurs, this flag is automatically set to “1” to
prevent other interrupts from interfering until the current interrupt
is serviced.
(4) Decimal mode flag (D)
The D flag determines whether additions and subtractions are
executed in binary or decimal. Binary arithmetic is executed when
this flag is “0”; decimal arithmetic is executed when it is “1”.
Decimal correction is automatic in decimal mode. Only the ADC
and SBC instructions can be used for decimal arithmetic.

(5) Break flag (B)
The B flag is used to indicate that the current interrupt was
generated by the BRK instruction. The BRK flag in the processor
status register is always “0”. When the BRK instruction is used to
generate an interrupt, the processor status register is pushed
onto the stack with the break flag set to “1”. The saved processor
status is the only place where the break flag is ever set.
(6) Index X mode flag (T)
When the T flag is “0”, arithmetic operations are performed
between accumulator and memory, e.g. the results of an
operation between two memory locations is stored in the
accumulator. When the T flag is “1”, direct arithmetic operations
and direct data transfers are enabled between memory locations,
i.e. between memory and memory, memory and 1/O, and I/O and
1/0. In this case, the result of an arithmetic operation performed
on data in memory location 1 and memory location 2 is stored in
memory location 1. The address of memory location 1 is
specified by index register X, and the address of memory
location 2 is specified by normal addressing modes.
(7) Overflow flag (V)
The V flag is used during the addition or subtraction of one byte
of signed data. It is set if the result exceeds +127 to -128. When
the BIT instruction is executed, bit 6 of the memory location
operated on by the BIT instruction is stored in the overflow flag.
(8) Negative flag (N)
The N flag is set if the result of an arithmetic operation or data
transfer is negative. When the BIT instruction is executed, bit 7 of
the memory location operated on by the BIT instruction is stored
in the negative flag.

Table 4 Set and clear instructions of each bit of processor status register

C flag Z flag | flag D flag B flag T flag V flag N flag
Set instruction SEC - SEI SED - SET — -
Clear instruction CLC - CLI CLD - CLT CLVv -
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HARDWARE
FUNCTIONAL DESCRIPTION

[CPU Mode Register] CPUM
The CPU mode register contains the stack page selection bit.
This register is allocated at address 003Bu1s6.

b7 b0

L

CPU mode register
(CPUM: address 003B 16)

Processor mode bits
bl bO
0 0 Single-chip mode
0 1
10 }Not available
11

Stack page selection bit
0 : 0 page
1 :1page

Not used (returns “0” when read)
(Do not write “1” to these bits )

Main clock division ratio selection bits
b7 b6
0 0 : f(g) =f(XIN)/2 (High-speed mode)
0 1 : f(g) =f(XIN)/8 (Middle-speed mode)
1 O : applied from ring oscillator
1 1 f(g) = f(XIN) (Double-speed mode)

Fig. 10 Structure of CPU mode register

Switching method of CPU mode register
Switch the CPU mode register (CPUM) at the head of program after
releasing Reset in the following method.

( After releasing reset D

Wait until establish ceramic oscillator
clock.

Switch the clock division ratio
selection bits (bits 6 and 7 of CPUM)

Y

Main routine

Start with a built-in ring oscillator (Note)

Switch to other mode except a ring oscillator
(Select one of 1/1, 1/2, and 1/8)

Note. After releasing reset the operation starts by starting a ring oscillator automatically.
Do not use a ring oscillator at ordinary operation.

Fig. 11 Switching method of CPU mode register

7534 Group User’'s Manual
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HARDWARE
FUNCTIONAL DESCRIPTION

Memory

Special function register (SFR) area

The SFR area in the zero page contains control registers such as 1/0
ports and timers.

RAM
RAM is used for data storage and for a stack area of subroutine calls
and interrupts.

ROM
The first 128 bytes and the last 2 bytes of ROM are reserved for
device testing and the rest is a user area for storing programs.

Interrupt vector area
The interrupt vector area contains reset and interrupt vectors.

Zero page

The 256 bytes from addresses 000016 to 00FF16 are called the zero
page area. The internal RAM and the special function registers (SFR)
are allocated to this area.

The zero page addressing mode can be used to specify memory and
register addresses in the zero page area. Access to this area with
only 2 bytes is possible in the zero page addressing mode.

Special page

The 256 bytes from addresses FF0016 to FFFF16 are called the spe-
cial page area. The special page addressing mode can be used to
specify memory addresses in the special page area. Access to this
area with only 2 bytes is possible in the special page addressing
mode.

RAM
RAM area
RAM capacity address
(bytes) XXXX16
256 013F16
384 01BF16
ROM
ROM area
ROM capacity address address
(bytes) YYYY16 277716
8192 E00016 E08016
16384 C00016 C08016

000016
SFR area
004016 Zero page
010016
XXXX16
Reserved area
044016
Not used
CYYYYi1s
Reserved ROM area
(128 bytes)
277716
FFOO16
FFEC1s Special page
Interrupt vector area
FFFE16
| FFFF1s Reserved ROM area

Fig. 12 Memory map diagram

1-14
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FUNCTIONAL DESCRIPTION

000016
000116
000216
000316
000416
000516
000616
000716
000816
000916
000A16
000B16
000C16
000D16
000E16
000F16
001016
001116
001216
001316
001416
001516
001616
001716
001816
001916
001A16
001B16
001C16
001D16
001E1s
001F16

Port PO (PO)

Port PO direction register (POD)

Port P1 (P1)

Port P1 direction register (P1D)

Port P2 (P2)

Port P2 direction register (P2D)

Port P3 (P3)

Port P3 direction register (P3D)

Port P4 (P4)

Port P4 direction register (P4D)

Pull-up control register (PULL)

Port P1P3 control register (P1P3C)

Transmit/Receive buffer register (TB/RB)

USB status register (USBSTS)/UART status register (UARTSTS)

Serial 1/01 control register (SIO1CON)

UART control register (ULARTCON)

Baud rate generator (BRG)

USB data toggle synchronization register ( TRSYNC)

USB interrupt source discrimination register 1 (USBIR1)

USB interrupt source discrimination register 2 (USBIR2)

002016
002116
002216
002316
002416
002516
002616
002716
002816
002916
002A16
002B16
002C16
002D16
002E16
002F16
003016
003116
003216
003316
003416
003516
003616
003716
003816
003916
003A16
003B16
003C16
003D16
003E16
003F16

USB interrupt control register (USBICON)

USB transmit data byte number set register 0 (EPOBYTE)

USB transmit data byte number set register 1 (EP1BYTE)

USBPID control register 0 (EPOPID)

USBPID control register 1 (EP1PID)

USB address register (USBA)

USB sequence bit initialization register (INISQ1)

USB control register (USBCON)

Prescaler 12 (PRE12)

Timer 1 (T1)

Timer 2 (T2)

Timer X mode register (TM)

Prescaler X (PREX)

Timer X (TX)

Timer count source set register (TCSS)

Serial 1/02 control register (SIO2CON)

Serial /02 register (S102)

A-D control register (ADCON)

A-D conversion register (low-order) (ADL)

A-D conversion register (high-order) (ADH)

MISRG

Watchdog timer control register (WDTCON)

Interrupt edge selection register INTEDGE)

CPU mode register (CPUM)

Interrupt request register 1 (IREQ1)

Interrupt control register 1 (ICON1)

Fig. 13 Memory map of special function register (SFR)
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HARDWARE
FUNCTIONAL DESCRIPTION

I/O Ports

[Direction registers] PiD

The 1/O ports have direction registers which determine the input/out-
put direction of each pin. Each bit in a direction register corresponds
to individual pin, and each pin can be set to be input or output.
When “1” is set to the bit corresponding to a pin, this pin becomes an
output port. When “0” is set to the bit, the pin becomes an input port.
When data is read from a pin set to output, not the value of the pin
itself but the value of port latch is read. Pins set to input are floating,
and permit reading pin values.

If a pin set to input is written to, only the port latch is written to and the
pin remains floating.

[Pull-up control] PULL

By setting the pull-up control register (address 001616), ports PO and
P3 can exert pull-up control by program. However, pins set to output
are disconnected from this control and cannot exert pull-up control.

[Port P1P3 control] P1P3C

By setting the port P1P3 control register (address 001716), a CMOS
input level or a TTL input level can be selected for ports Plo, P12,
P13, P36 and P37 by program.

Then, as for the 36-pin version, set “1” to each bit 6 of the port P3
direction register and port P3 register.

As for the 32-pin version, set “1” to respective bits 5, 6, 7 of the port
P3 direction register and port P3 register.

b7 b0

Pull-up control register
(PULL: address 0016 16)

I— POo pull-up control bit

PO1 pull-up control bit

P02, P03 pull-up control bit
P04 — P07 pull-up control bit
P30 — P33 pull-up control bit
P34 pull-up control bit

P35, P36 pull-up control bit

P37 pull-up control bit

Note : Pins set to output ports are disconnected from pull-up control.

0: Pull-up off
1: Pull-up on
Initial value: FF1e

Fig. 14 Structure of pull-up control register

b7 b0

Port P1P3 control register
(P1P3C: address 0017 16)

I— P37/INTo input level selection bit
0: CMOS level
1:TTL level

P36/INT1 input level selection bit
0: CMOS level
1:TTL level

P1o,P12,P13 input level selection bit
0: CMOS level
1:TTL level

Not used

Fig. 15 Structure of port P1P3 control register
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Table 5 I/O port function table

HARDWARE
FUNCTIONAL DESCRIPTION

Pin Name Input/output 1/0 format Non-port function Related SFRs Diagram No.
P00-PO7 Port PO |1/O individual | *CMOS compatible input level |Key input interrupt Pull-up control register 1)
bits *CMOS 3-state output
P1o/RxD/D- | Port P1 *USB input/output level when | Serial I/01 function Serial /01 control (2)
P11/TxD/D+ selecting USB function input/output register 3)
P12/Scik *CMOS compatible input level | Serial /02 function Serial 1/02 control 4)
P13/SDATA «CMOS 3-state output input/output register (5)
P14/CNTRo (Note) Timer X function input/output | Timer X mode register (6)
P1s, Ple (10)
P20/ANo— Port P2 A-D conversion input | A-D control register 7
P27/AN7
P30-P3s Port P3 ®)
P36/INT1 External interrupt input Inte_rrupt edge selection 9)
P37/INTo register
P4o, P41 Port P4 (10)
Note: Port Plo, P12, P13, P36, P37 is CMOS/TTL input level.
7534 Group User’'s Manual 1-17
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FUNCTIONAL DESCRIPTION

(1) Port PO

Direction
register

Data bus —»{ Port latch |

Pull-up control j}_{jk
s

.

(2) Port P1o

Serial 1/01 mode selection bit (b7)
Serial 1/01 mode selection bit (b6)
Receive enable bit

Serial 1/01 mode selection bit (b7)
Serial 1/01 mode selection bit (b6)

Direction
register

Data bus — Port latch

g

~N

(3) Port P11

Serial /01 mode selection bit (b7)
Serial /01 mode selection bit (b6)

Serial I/01 mode selection bit (b7)
Serial I/01 mode selection bit (b6)
Transmit enable bit

Direction
register

Port latch

Data bus _|

To key input interrupt
generating circuit [ |

P-channel output disable bit ——————

P1o,P12,P13 input|

level selection bit

Serial /01 input

D- output

USB output enable
(internal signal)

D- input %7

T

;

Serial /01 output

D+ input

D+ output

USB output enable
(internal signal)

(4) Port P12

ScLk pin selection bit —

Direction
register

Data bus——| Port latch

Plo,P12,

~N

Serial 1/02 clock output%

Serial 1/02 clock input <—

3
.
‘ DJ%P@

level selection bit

—

(5) Port P13

Signals during the
SDATA output action
SDATA pin selection bit

Direction
- -
register

SDATA pin

r£ selection bit

:D—> USB differential input

Data bus —1 Port latch

P13 input]

P1o,P12,P13 input]

~N

1]

Serial 1/02 clock output

level selection bit

Serial 1/02 clock input

* : Plo, P12, P13, P36, P37 input levels are switched to the CMOS/TTL level by the port P1P3 control register.
When the TTL level is selected, there is no hysteresis characteristics.

;

Fig. 16 Block diagram of ports (1)

1-18

7534 Group User’'s Manual
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FUNCTIONAL DESCRIPTION

(6) Port P14

Direction
register

Port latch

|

3
F—+o
1

(8) Ports P30— P3s

Pulse output mode

Timer output —

CNTRO interrupt input

Pull-up control
Direction
register

Data bus %ﬁ Port latch

ki
Eﬂ%

L

\1
(10) Ports P15, P1s, P4o, P41
iy 5
H
Data bus —¢—| Port latch | Don
N

(7) Ports P20 — P27

Data bus —#—| Port latch

Direction
register

—

T

~N
A-D conversion input «——o0—~o0———

Analog input pin selection bit

(9) Port P36, P37

Data bus —1

Pull-up control
Direction
register

+={ Portlatch |

Y D»Jj

P37/INTo input
~N level selection bit

INT interrupt input -—

When the TTL level is selected, there is no hysteresis characteristics.

*: Plo, P12, P13, P36, P37 input levels are switched to the CMOS/TTL level by the port P1P3 control register.

Fig. 17 Block diagram of ports (2)
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HARDWARE
FUNCTIONAL DESCRIPTION

Interrupts
Interrupts occur by 14 different sources : 4 external sources, 9 inter-
nal sources and 1 software source.

Interrupt control

All interrupts except the BRK instruction interrupt have an interrupt
request bit and an interrupt enable bit, and they are controlled by the
interrupt disable flag. When the interrupt enable bit and the interrupt
request bit are set to “1” and the interrupt disable flag is set to “0”, an
interrupt is accepted.

The interrupt request bit can be cleared by program but not be set.
The interrupt enable bit can be set and cleared by program.

It becomes usable by switching CNTRo and A-D interrupt sources
with bit 7 of the interrupt edge selection register, timer 2 and serial I/
02 interrupt sources with bit 6, timer X and key-on wake-up interrupt
sources with bit 5, and serial I/O transmit and INT1 interrupt sources
with bit 4.

The reset and BRK instruction interrupt can never be disabled with
any flag or bit. All interrupts except these are disabled when the in-
terrupt disable flag is set.

When several interrupts occur at the same time, the interrupts are
received according to priority.

Table 6 Interrupt vector address and priority

Interrupt operation

Upon acceptance of an interrupt the following operations are auto-

matically performed:

1. The processing being executed is stopped.

2. The contents of the program counter and processor status regis-
ter are automatically pushed onto the stack.

3. The interrupt disable flag is set and the corresponding interrupt
request bit is cleared.

4. Concurrently with the push operation, the interrupt destination
address is read from the vector table into the program counter.

Notes on use

When the active edge of an external interrupt (INTo, INT1, CNTRo) is

set, the interrupt request bit may be set.

Therefore, please take following sequence:

1. Disable the external interrupt which is selected.

2. Change the active edge in interrupt edge selection register. (in
case of CNTRo: Timer X mode register)

3. Clear the set interrupt request bit to “0”.

4. Enable the external interrupt which is selected.

Int ; Vector addresses (Note 1)
nterrupt source jori i iti
P Priority High-order Low-order Interrupt request generating conditions Remarks
Reset (Note 2) FFFD16 FFFC1s | Atresetinput Non-maskable
_UARTreceive | FFFBis | FFFAw. | Atcompletion of UART datareceive | ValidinUARTmode
USB IN token At detection of IN token Valid in USB mode
UART transmit 3 FFF916 FFF816 At completion of UART transmit shift or Valid in UART mode
o | when transmit bufferisempty | =
USB SETUP/OUT token At detection of SETUP/OUT token or Valid in USB mode
Reset/Suspend/Resume At detection of Reset/ Suspend/ Resume
INT2 At detection of either rising or falling edge External interrupt
of INT1 input (active edge selectable)
INTo 4 FFF716 FFF616 At detection of either rising or falling edge External interrupt
of INTo input (active edge selectable)
Timer X 5 FFF516 FFF416 At timer X underflow
Key-on wake-up 7Atalinig c?co?junT:ticF ompﬁ Ioigicg o 7E§eﬁalﬁeﬁ;ﬂvﬁd§faﬁn5
level for port PO (at input)
Timer 1 6 FFF316 FFF216 At timer 1 underflow STP release timer underflow
Timer 2 7 FFF116 FFFO16 At timer 2 underflow
Serial 1/102 At completion of transmit/receive shift
CNTRo 8 FFEF16 FFEE1s | Atdetection of either rising or falling edge External interrupt (active edge
of CNTRo input selectable)
A-D conversion At completion of A-D conversion
BRK instruction 9 FFED16 FFEC1s | At BRK instruction execution Non-maskable software interrupt

Note 1: Vector addressed contain internal jump destination addresses.

2: Reset function in the same way as an interrupt with the highest priority.

1-20
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HARDWARE
FUNCTIONAL DESCRIPTION

Interrupt request bit ——

Interrupt enable bit —]

Interrupt disable flag | —9

BRK instruction
Reset

Interrupt request

Fig. 18 Interrupt control

b7 b0

Interrupt edge selection register
(INTEDGE : address 003A16)

INTO interrupt edge selection bit
0 : Falling edge active
1 : Rising edge active

INT1 interrupt edge selection bit
0 : Falling edge active
1 : Rising edge active

Not used (returns “0” when read)

b7 bo

b7 bo

Serial I/01 or INT1 interrupt selection bit
0 : Serial /01
1:INT1
Timer X or key-on wake up interrupt selection bit
0: Timer X
1 : Key-on wake up
Timer 2 or serial /02 interrupt selection bit
0 : Timer 2
1: Serial /02
CNTRO or AD converter interrupt selection bit
0:CNTRoO
1: AD converter

Interrupt request register 1
(IREQ1 : address 003C16)

UART receive/USB IN token interrupt request bit

UART transmit/USB SETUP/OUT token/ Reset/Suspend/Resume/INT1 interrupt request bit

INTO interrupt request bit

Timer X or key-on wake up interrupt request bit
Timer 1 interrupt request bit

Timer 2 or serial 1/02 interrupt request bit
CNTRO or AD converter interrupt request bit
Not used (returns “0” when read)

Interrupt control register 1
(ICONL1 : address 003E16)

UART receive/USB IN token interrupt enable bit

0 : No interrupt request issued
1 : Interrupt request issued

UART transmit/USB SETUP/OUT token/ Reset/Suspend/Resume/INT1interrupt enable bit

INTO interrupt enable bit

Timer X or key-on wake up interrupt enable bit
Timer 1 interrupt enable bit

Timer 2 or serial 1/02 interrupt enable bit
CNTRO or AD converter interrupt enable bit
Not used (returns “0” when read)

(Do not write “1" to this bit)

0 : Interrupts disabled
1 : Interrupts enabled

Fig. 19 Structure of Interrupt-related registers
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HARDWARE

FUNCTIONAL DESCRIPTION

Key Input Interrupt (Key-On Wake-Up)
A key-on wake-up interrupt request is generated by applying “L” level
to any pin of port PO that has been set to input mode.
In other words, it is generated when the AND of input level goes from
“1" to “0”. An example of using a key input interrupt is shown in Fig-
ure 20, where an interrupt request is generated by pressing one of
the keys provided as an active-low key matrix which uses ports POo

to P03 as input ports.

L

4L PO3 input
L

Port PXx
“L" level output

PULL register

LI

PULL register
bit2 ="1"

Port P03
latch

e Port PO7
bit 3 =*0 Direction register = “1”
*}_OJ b Port P07 J
latch
P07 output i I Falling edge
[ 1 L2 getection
PULL register Port P06
bit 3 =0 Direction register = “1”
*}_‘QJ * Port P06 J
latch
P06 output i T Falling edge
L3 T detection
PULL register Port POS
bit 3 =0 Direction register = “1”
*}—QJ > Port P05 J
latch
P05 output i I Falling edge
[1 1 L2 detection
PULL register Port P04
bit3 =0 Direction register = 1"
* x> Port P04 J
Ii] latch
P04 output i ] Falling edge
L3 T [ detection

Port P03
Direction register = “0”

|

Salf

4L P02 input
L

LI

PULL register
bit2 ="1"

Yot

Port P02
latch

Falling edge
B

Port P02
Direction register = “0”

|

PULL register
bit 1 ="1"

Falling edge
B

Port PO1
Direction register = “0”

Falling edge
"

Direction register = “0”

* il Port PO1
4‘7 . f] latch
PO1 input
o 0 03 l
PULL register
bit 0 = “1” Port POO
* i Port P00
. latch
POo input
O O 1 l

Falling edge
e

Key input interrupt request

Port PO
Input read circuit

* P-channel transistor for pull-up

** CMOS output buffer

Fig. 20 Connection example when using key input interrupt and port PO block diagram
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Timers

The 7534 Group has 3 timers: timer X, timer 1 and timer 2.

The division ratio of every timer and prescaler is 1/(n+1) provided
that the value of the timer latch or prescaler is n.

All the timers are down count timers. When a timer reaches “0”, an
underflow occurs at the next count pulse, and the corresponding timer
latch is reloaded into the timer. When a timer underflows, the inter-
rupt request bit corresponding to each timer is set to “1”.

e Timer 1, Timer 2

Prescaler 12 always counts f(XiN)/16. Timer 1 and timer 2 always
count the prescaler output and periodically sets the interrupt request
bit.

e Timer X
Timer X can be selected in one of 4 operating modes by setting the
timer X mode register.

* Timer Mode
The timer counts the signal selected by the timer X count source
selection bit.

e Pulse Output Mode
The timer counts the signal selected by the timer X count source
selection bit, and outputs a signal whose polarity is inverted each
time the timer value reaches “0”, from the CNTRo pin.
When the CNTRo active edge switch bit is “0”, the output of the
CNTRo pin is started with an “H” output.
At “1", this output is started with an “L” output. When using a timer in
this mode, set the port P14 direction register to output mode.

* Event Counter Mode
The operation in the event counter mode is the same as that in the
timer mode except that the timer counts the input signal from the
CNTRo pin.
When the CNTRo active edge switch bit is “0”, the timer counts
the rising edge of the CNTRo pin. When this bit is “1”, the timer
counts the falling edge of the CNTRo pin.

 Pulse Width Measurement Mode

When the CNTRo active edge switch bit is “0”, the timer counts the
signal selected by the timer X count source selection bit while the
CNTRo pin is “H”. When this bit is “1”, the timer counts the signal
while the CNTRo pin is “L".

In any mode, the timer count can be stopped by setting the timer X
count stop bit to “1”. Each time the timer overflows, the interrupt
request bit is set.

HARDWARE
FUNCTIONAL DESCRIPTION

[TTTTT T ] ver xmose regiter
(TM : Address 002B 16)

Timer X operating mode bits
bl b0
0 0: Timer mode
0 1:Pulse output mode
1 0: Event counter mode

CNTRO active edge switch bit
0 : Interrupt at falling edge
Count at rising edge
(in event counter mode)
1 : Interrupt at rising edge
Count at falling edge
(in event counter mode)

Timer X count stop bit
0 : Count start
1 : Count stop

Not used (return “0” when read)

1 1:Pulse width measurement mode

Fig. 21 Structure of timer X mode register

b7 b0

Timer count source set register
(TCSS : Address 002E 16)
L

0: f(XIN)/16
1: f(XIN)/2

Not used (return “0” when read)

Note : To switch the timer X count source selection bit ,
stop the timer X count operation.

Timer X count source selection bit (Note)

Fig. 22 Timer count source set register
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Data bus ﬂ

f(XIN)/16
f(XIN)/2

Pulse width
measurement
mode

Timer X count Timer mode

source selection bit

Prescaler X latch (8)

pulse output mode

Timer X latch (8)

Ko To timer X
CNTRO active Prescaler X (8) Timer X (8) interrupt .
PL4/CNTRO edge switch bit Evont request bit
“0” counter Timer X count stop bit
mode To CNTRo
LI>O—O 907—> interrupt
“1n request bit
CNTRo active: “1"
edge switch bit  o——Q Toggle
—  flip-flop
“Q R
Port P14 latch < iTimer X latch write
Port P14 direction Pulse output mode
register
Pulse output mode
Data bus Q
Prescaler 12 latch (8) | Timer 1 latch (8) | | Timer 2 latch (8) |
U u To timer 2
f(XIN)/16 ————»=| Prescaler 12 (8) Timer 1 (8) Timer 2 (8) |4> interrupt
L request bit
To timer 1
» interrupt
request bit

Fig. 23 Block diagram of timer X, timer 1 and timer 2
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Serial 1/0

e Serial I/01

* Asynchronous serial /0 (UART) mode
Serial I/O1 can be used as an asynchronous (UART) serial I/0. A
dedicated timer (baud rate generator) is also provided for baud rate
generation when serial I/O1 is in operation.
Eight serial data transfer formats can be selected, and the transfer
formats to be used by a transmitter and a receiver must be identi-
cal.
Each of the transmit and receive shift registers has a buffer register

HARDWARE
FUNCTIONAL DESCRIPTION

(the same address on memory). Since the shift register cannot be
written to or read from directly, transmit data is written to the trans-
mit buffer, and receive data is read from the respective buffer regis-
ters. These buffer registers can also hold the next data to be trans-
mitted and receive 2-byte receive data in succession.

By selecting “1” for continuous transmit valid bit (bit 2 of SIOLCON),
continuous transmission of the same data is made possible.

This can be used as a simplified PWM.

OE

Character length selection bit

Data bus
Address - -
(001816) Serial /01 control register | Address (001A16)

Receive Buffer Register

Receive buffer full flag (RBF)
Receive interrupt request (RI)

P10/RXD O4[ ST Detector] 7-bit Receive Shift Register |+
8-bit I

PE FE |[_SP Detector

UART Control Register

Address (001B16)

BRG count source selection bit

1/4

Character length selection bit

Continuous transmit valid bit

Division ratio 1/(n+1)

XIN & Baud Rate Generator |7
]

Address (001C16)

ST/SP/PA Generator

P11/TXD & Transmit Shift Register

Transmit Buffer Register

Clock Control Circuit

Transmit shift register shift
completion flag (TSC)

Transmit interrupt source selection bit
"%, Transmit interrupt request (T1)

—_—

Transmit buffer empty flag (TBE)

oot
(001816) Serial 1/01 status register| Address (001916)

Data bus

Fig. 24 Block diagram of UART serial I/01

Transmit/Receive Clock

Transmit Buffer Register
Write Signal

TBE=0

1 Start Bit

Serial Output TXD

. . 1 or 0 Parity Bit
Receive Buffer Register 1 or 2 Stop Bit

Read Signal

4—————— 7or8DataBt— ™

* Generated at second bit in 2-stop -bit
mode

st Koo X o1

Serial Input RXD

Notes 1 : Error flag detection occurs at the same time that the RBF flag becomes “1” (at 1st stop bit, during reception).
2 : The transmit interrupt (TI) can be selected to occur when either the TBE or TSC flag becomes “1”, depending on the setting of the transmit
interrupt source selection bit (TIC) of the serial /01 control register.
3: The receive interrupt (RI) is set when the RBF flag becomes “1".
4 : After data is written to the transmit buffer at TSC = 1, 0.5 to 1.5 cycles of the data shift cycle is necessary until changing to TSC = 0.

Fig. 25 Operation of UART serial 1/01 function
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[Serial /01 control register] SIO1ICON
The serial 1/01 control register consists of eight control bits for the
serial I/01 function.

[Baud Rate Generator] BRG

The baud rate generator determines the baud rate for serial transfer.
The baud rate generator divides the frequency of the count source
by 1/(n + 1), where n is the value written to the baud rate generator.

[UART control register] UARTCON

The UART control register consists of four control bits (bits O to 3)
which are valid when asynchronous serial I/O is selected and set the
data format of an data transfer. One bit in this register (bit 4) is al-
ways valid and sets the output structure of the P11/TxD pin.

[UART status register] UARTSTS

The read-only UART status register consists of seven flags (bits O to
6) which indicate the operating status of the UART function and vari-
ous errors. This register functions as the UART status register
(UARTSTS) when selecting the UART.

The receive buffer full flag (bit 1) is cleared to “0” when the receive
buffer is read.

If there is an error, it is detected at the same time that data is trans-
ferred from the receive shift register to the receive buffer, and the
receive buffer full flag is set. A write to the UART status register clears
all the error flags OE, PE, FE, and SE (bit 3 to bit 6, respectively).
Writing “0” to the serial I/O1 mode selection bits MOD1 and MODO
(bit 7 and 6 of the Serial 1/01 control register ) also clears all the
status flags, including the error flags.

All bits of the serial /01 status register are initialized to “8116” at
reset, but if the transmit enable bit (bit 4) of the serial /01 control
register has been set to “1”, the continuous transmit valid bit (bit 2)
becomes “1”.

[Transmit/Receive buffer register] TB/RB

The transmit buffer and the receive buffer are located at the same
address. The transmit buffer is write-only and the receive buffer is
read-only. If a character bit length is 7-bit, the MSB of data stored in
the receive buffer is “0”.

Transmit/Receive Clock

Transmit Buffer Register
Write Signal

1
i

Serial Output TXD

1 Start Bit

—————————— 7or8DataBit —————— ™
1 or O Parity Bit
1 or 2 Stop Bit

Notes 1: When the serial I/O1 mode selection bits (b7, b6) is “10”, the transmit enable bit is “1”, and continuous transmit valid bit is “1", writing on the
transmit buffer initiates continuous transmission of the same data.
2 : Select 0 for continuous transmit valid bit to stop continuous transmission.
The TXD pin will stop at high level after completing transmission of 1 byte.
3 : If the transmit buffer contents are rewritten during a continuous transmission, transmission of the rewritten data will be started after
completing transmission of 1 byte.

Fig. 26 Continuous transmission operation of UART serial I/O
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* Universal serial bus (USB) mode
By setting bits 7 and 6 of the serial I/01 control register (address
001Au16) to “11”, the USB mode is selected. This mode conforms to
“Low Speed device” of USB Specification 1.1. In this mode serial I/
O1 interrupt have 6 sources; USB in and out token receive, set-up
token receive, USB reset, suspend, and resume. The USB status/

HARDWARE
FUNCTIONAL DESCRIPTION

UART status register functions as the USB status register
(USBSTS).There is the USBVRerFouT pin for the USB reference
voltage output, and a D-line with 1.5 kQ external resistor can be pull
up. USB mode block and USB transceiver block show in figures 27
and 28.

Data bus
1.5 MHz Address 001816
Xin 6 MHz Receive buffer register RxRDY
— ‘ NRZI, . . .
Digital | bit stuffing decoder *‘ Receive shift register
PLL
BSTFE —=| SYNC decoder
™EOP
Differential input and Bus state - —| PID decoder
Single end input detection * RxpID
PIDE OPID
- i
P10/D- O— USB Suspend interrupt request - comﬁggﬁ\?es unit F»Goken interrupt request)
transceiver
P - - ?; veen
End pointer
decoder
Output data and RXEP
1/0 control
L—————————=| CRCcheck
CRCE
NRZI
e Transmit shift register
bit stuffing encoder SYNC, PID
| USB transmit unit CRC encoder I generating unit
EOP generating unit Transmit buffer register TXRDY EPOPID
Aadessoron] epoyTE EP1PID
1L
Data bus
Fig. 27 USB mode block diagram
Serial /01 control register
MODO N
MOD1 .
USB control register
UVOE
(initial value “0")
Output enable signal
\ L
Voltage input —
USB reference e P Output amplifier OUSBVREFOUT
power source voltage
»=OD-
) D+/D-
Internal D- output signal —| output amplifier
Internal D+ output signal —| »OD+

Suspend 4f ‘

Signal for function stop

Output enable signal

Single end input<—@7
Single end input<—@7

OE
(internal signal)
Differential input

Fig. 28 USB transceiver block diagram
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b7 b0

Transmit buffer register
(TB: address 001816)

register automatically.
CPU read: Disabled
CPU write: Set/Clear
Hardware read: Used
Hardware write: Not used

b7 b0

Receive buffer register
(RB: address 001816)

CPU read: Enabled
CPU write: Disabled
Hardware read: Not used
Hardware write: Set/Clear

b7 b0

USB status register
(USBSTS: address 001916)

I— Transmit buffer empty flag
0: Buffer full
1: Buffer empty

—— EOP detection flag
0: Not detected
1: Detect

False EOP error flag
0: No error
1: False EOP error

CRC error flag
0: No error
1: CRC error

PID error flag
0: No error
1: PID error

Bit stuffing error flag
0: No error
1: Bit stuffing error

Summing error flag
0: No error
1: Summing error

Receive buffer full flag
0: Buffer empty
1: Buffer full

After setting data to address 001816, a content of the
transmit buffer register transfers to the transmit shift

By reading data from address 00181s, a content of the
receive buffer register can be read out.

CPU read: Enabled
CPU write: Disabled
Hardware read: Not used
Hardware write: Set/Clear

CPU read: Enabled

CPU write: Clear
Hardware read: Not used
Hardware write: Set

CPU read: Enabled
CPU write: Disabled
Hardware read: Not used
Hardware write: Set/Clear

Fig. 29 Structure of serial /0O1-related registers (1)
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b7 bo
LI T T[T ]
b7 bo
LT T T T T ]
b7 bo

b7 b0

USB data toggle synchronization register

(TRSYNC: address 001D1s)
Not used (return “1” when read)
Sequence bit toggle flag

0: No toggle
1: Sequence toggle

USB interrupt source discrimination register 1

(USBIR1: address 001E16)
Not used (return “1” when read)
Endpoint determination flag

0: Endpoint 0 interrupt
1: Endpoint 1 interrupt

USB interrupt source discrimination register 2

(USBIR2: address 001F1s)
Not used (return “1” when read)

Suspend request flag
0: No request
1: Suspend request

USB reset request flag
0: No request
1: Reset request

Not used (return “1” when read)

Token PID determination flag
0: SETUP interrupt
1: OUT interrupt

Token interrupt flag
0: No request
1: Token request

USB interrupt control register
(USBICON: address 002016)

Not used (return “1” when read)

Endpoint 1 enable
0: Endpoint 1 invalid
1: Endpoint 1 valid

USB reset interrupt enable
0: USB reset invalid
1: USB reset valid

Resume interrupt enable
0: Resume invalid
1: Resume valid

Token interrupt enable
0: Token invalid
1: Token valid

USB enable flag
0: USB invalid
1: USB valid

CPU read: Enabled

CPU write: Clear
Hardware read: Not used
Hardware write: Set

CPU read: Enabled
CPU write: Disabled
Hardware read: Not used
Hardware write: Set/Clear

CPU read: Enabled

CPU write: Clear
Hardware read: Not used
Hardware write: Set

CPU read: Enabled
CPU write: Disabled
Hardware read: Not used
Hardware write: Set/Clear

CPU read: Enabled
CPU write: Disabled
Hardware read: Not used
Hardware write: Set/Clear

CPU read: Enabled

CPU write: Set/Clear
Hardware read: Used
Hardware write: Not used

Fig. 30 Structure of serial I/0O1-related registers (2)
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—— Endpoint 0 enable flag
0: Endpoint 0 invalid
1: Endpoint 0 valid

Endpoint 0 PID selection flag

1xxx: IN token interrupt of DATAO/1 is valid

01xx: STALL handshake is valid for IN token

00xx: NACK handshake is valid for IN token

xxx1: STALL handshake is valid for OUT token (Note)
xx10: ACK handshake is valid for OUT token

xx00: NACK handshake is valid for OUT token

Not used (return “1” when read)

Endpoint 1 PID selection flag

1x: IN token interrupt of DATAO/1 is valid
01: STALL handshake is valid for IN token
00: NACK handshake is valid for IN token

CTTTTTT1)
{
CTTTTTT1)
{
CTTTTIT1)
LT T
CTTTTTT1)
LT TTTT
CTTTTIT1)
LT T T T T

USB transmit data byte number set register O
(EPOBYTE: address 002116)

Set a number of data byte for transmitting with endpoint 0.
CPU read: Enabled
CPU write: Set/Clear
Hardware read: Used
Hardware write: Not used

Not used (return “0” when read)

USB transmit data byte number set register 1
(EP1BYTE: address 002216)

Set a number of data byte for transmitting with endpoint 1.
CPU read: Enabled
CPU write: Set/Clear
Hardware read: Used
Hardware write: Not used

Not used (return “0” when read)

USB PID control register 0
(EPOPID: address 002316)

Not used (return “1” when read)

CPU read: Enabled

CPU write: Set/Clear
Hardware read: Used
Hardware write: Not used

b4, b5, b6

CPU read: Enabled

CPU write: Set/Clear
Hardware read: Used
Hardware write: Not used

b7

CPU read: Enabled
CPU write: Set/Clear
i Hardware read: Used
x: any data Hardware write: Clear
In the status stage of the control read transfer, when PID

of data packet = DATAO (incorrect PID), this bit is set forcibly

by hardware and STALL handshake is valid.

USB PID control register 1
(EP1PID: address 002416)

b6

CPU read: Enabled

CPU write: Set/Clear
Hardware read: Used
Hardware write: Not used

b7

CPU read: Enabled
CPU write: Set/Clear
Hardware read: Used
Hardware write: Clear

X: any data

USB address register
(USBA: address 002516)

et an address allocated by the USB host.
CPU read: Disabled

CPU write: Set/Clear

Hardware read: Used

Hardware write: Not used

Not used (returns “1” when read)

Fig. 31 Structure of serial /0O1-related registers (3)
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TTTIIIT)
LT T T T

TTTTLL]
TTTIIIL]

USB sequence bit initialization register
(INISQ1: address 002616)

A sequence bit of endpoint 1 is initialized.
CPU read: Disabled
CPU write: Dummy
Hardware read: Not used
Hardware write: Not used

USB control register
(USBCON: address 0027 16)

Not used (return “1” when read)

CPU read: Disabled

USBVREFOUT output valid flag CPU write: Set/Clear

0: Output off Hardware read: Used
1: Output on Hardware write: Not used
CPU read: Disabled
Remote wake up request flag CPU write: Set
0: No request Hardware read: Used
1: Remote wake up request Hardware write: Clear
UART status register
(UARTSTS: address 001916)
Transmit buffer empty flag
0: Buffer full
1: Buffer empty
Receive buffer full flag ggﬁ re:_atd: EDnabkl)?dd
. write: Disable
g_) 3322; feur}?pty Hardware read: Not used

Hardware write: Set/Clear

Transmit shift register shift completion flag
0: Transmit shift in progress
1: Transmit shift completed

Overrun error flag
0: No error
1: Overrun error

Parity error flag
0: No error

1: Parity error CPU read: Enabled

CPU write: Clear
Hardware read: Not used

Framing error flag Hardware write: Set

0: No error
1: Framing error

Summing error flag
0: No error
1: Summing error

Not used (returns “1” when read)

Baud rate generator
(BRG: address 001C1s)

This register is valid only when selecting the UART mode.
A baud rate value is set.

CPU read: Disabled

CPU write: Set/Clear

Hardware read: Used

Hardware write: Not used

Fig. 32 Structure of serial I/0O1-related registers (4)
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b7

b0

UART control register
(UARTCON: address 001B16)

Character length selection bit
0: 8 bits
1: 7 bits

Parity enable bit
0: Parity checking disabled
1: Parity checking enabled

Parity selection bit
0: Even parity
1: Odd parity

Stop bit length selection bit
0: 1 stop bit
1: 2 stop bits

P-channel output disable bit
0: CMOS output
1: N-channel open-drain output

b7

b0

Not used (returns “1” when read)

Serial I/01 control register
(SIO1CON: address 001A16)

BRG count source selection bit
0: f(XIN)
1: f(XIN)/4

Not used (returns “1” when read)

Continuous transmit valid bit
0: Continuous transmit invalid
1: Continuous transmit valid

Transmit interrupt source selection bit

0: Interrupt when transmit buffer has
emptied

1: Interrupt when transmit shift
operation is completed

Transmit enable bit
0: Transmit disabled
1: Transmit enabled

Receive enable bit
0: Receive disabled
1: Receive enabled

Serial I/01 mode selection bits
00: I/O port

01: Not available

10: UART mode

11: USB mode

CPU read: Disabled
CPU write: Set/Clear
Hardware read: Used
Hardware write: Not used

CPU read: Disabled
CPU write: Set/Clear
Hardware read: Used
Hardware write: Not used

CPU read: Disabled
CPU write: Set/Clear
Hardware read: Used
Hardware write: Not used

Fig. 33 Structure of serial /O1-related registers (5)
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Note on using USB mode

Handling of SEO signal in program (at receiving)

7534 group has the border line to detect as USB RESET or EOP
(End of Packet) on the width of SEO (Single Ended 0).

A response apposite to a state of the device is expected.

The name of the following short words which is used in table 5 shows
as follow.

*TKNE: Token interrupt enable (bit 6 of address 2016)

*RSME: Resume interrupt enable (bit 5 of address 2016)

*RSTE: USB reset interrupt enable (bit 4 of address 2016)

*Spec: A response of the device requested by USB Specification 1.1
*SIE: Hardware operation in 7534 group

*F/W: Recommendation process in the program

*FEOPE: False EOP error flag (bit 2 of address 1916)

*RxPID: Token interrupt flag (bit 7 of address 1Fi6)

Table 7 Relation of the width of SEO and the state of the device

HARDWARE
FUNCTIONAL DESCRIPTION

State of device
Idle state End of Token in transaction _End of dat_a or handshake Suspend state
in transaction
TKNE = X TKNE =1 _ TKNE =0
Width of SEO RSME = 0 RSME = 0 TINE =0 RSME = 1
- - RSME =0 -
RSTE =1 RSTE =1 RSTE=0or 1 RSTE=0
Spec | Ignore Ignore Ignore
Keep counting suspend Not detected as EOP(in Not detected as EOP(in
0us timer case of no detection EOP, case of no detection EOP,
H SIE SIE returns idle state as SIE returns idle state as
0.5 us time out. FEOPE flag is timeup. FEOPE flag is Spec | Reset or resume
set.) set.)
F/W | Not acknowledge Not acknowledge Wait for the next EOP flag
Spec | Keep alive EOP EOP
SIE Initialize suspend timer Token interrupt request Set EOP flag
05ps count value
2.5ps Not acknowledge Token interrupt processing | After checking the set of
FIw execute EOP flag, go to the next
processing sSIe | Resetinterrupt
Spec | Keep alive or Reset EOP or Reset EOP or Reset request
may determine as keep may determine as EOP and | may determine as EOP
SIE alive and Reset interrupt Reset interrupt and Reset interrupt
25us Keep alive in case of no RxPID = 1> Token interrupt | Continue the processing
2.67 ps interrupt request processing in case of no interrupt
L . t
F/W Re.set processing in case RxPID = 0> Reset ln_terrupt reques ) ) Reset interrupt
of interrupt request processing Reset processing in case processing
of interrupt request FIW .
Resume interrupt
Spec | Reset Reset Reset processing
2.67 s SIE | Reset interrupt request Reset interrupt request Reset interrupt request
F/W | Reset processing Reset processing Reset processing

* Function of USBPID control register O (address 002316)
Bit 4 (STALL handshake control for OUT token) of this register is forcibly set by SIE under the special condition shown below.
Set condition; when PID of data packet = DATAO (incorrect PID) in the status stage of the control read transfer.

* SYNC field at reception

Normally, the SYNC field consists of “KIJKIKIKK” (8 bits). However, as for SIE of the 7534 Group, when the low-order 6 bits are “KIKIKK”, it is
determined as SYNC.
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e Serial 1/102

The serial /02 function can be used only for clock synchronous se-
rial 1/0.

For clock synchronous serial 1/02 the transmitter and the receiver
must use the same clock. When the internal clock is used, transfer is
started by a write signal to the serial 1/02 register.

[Serial /02 control register] SIO2CON
The serial 1/02 control register contains 8 bits which control various
serial I/O functions.

« For receiving, set “0” to bit 3.

* When receiving, bit 7 is cleared by writing dummy data to serial I/
02 register after shift is completed.

« Bit 7 is set earlier a half cycle of shift clock than completion of shift
operation. Accordingly, when checking shift completion by using
this bit, the setting is as follows:

(1) check that this bit is set to “1”,
(2) wait a half cycle of shift clock,
(3) read/write to serial 1/02 register.

b7

b0

Serial /02 control register
(SIO2CON: address 003016)

Internal synchronous clock selection bits
000 : f(XIN)/8
001 : f(XIN)/16
010 : f(XIN)/32
011 : f(XIN)/64
110 : f(XIN)/128
111 : f(XIN)/256
SDATA pin selection bit (Note)
0 : 1/O port/SDATA input
1: SDATA output

Not used
(returns “0” when read)

Transfer direction selection bit
0: LSB first
1: MSB first
SCLK pin selection bit
0 : External clock (SCLK is an input)
1: Internal clock (SCLK is an output)
Transmit / receive shift completion flag
0 : shift in progress
1 : shift completed

Note : When using it as an SDATA input, set the port P13
direction register to “0”.

Fig. 34 Structure of serial I/02 control registers

o]

wqn

Internal synchronous
clock selection bits

“Q

XIN O
SCLK pin
selection bit
SCLK
SCLK pin selection bit
0 P12 latch
P12/ScLK T
ug |

Serial I/0 counter 2 (3)

SDATA pin selection bit
0 P13 latch

P13/SDATA

Data bus

Serial 1/02
interrupt request

ap
SDATA pin selection bit

Serial I/O shift register 2 (8)

Fig. 35 Block diagram of serial 1/02
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Serial 1/02 operation

By writing to the serial /02 register(address 003116) the serial 1/02
counter is set to “7”.

After writing, the SDATA pin outputs data every time the transfer clock
shifts from a high to a low level. And, as the transfer clock shifts from
a low to a high, the SDATA pin reads data, and at the same time the
contents of the serial /02 register are shifted by 1 bit.

When the internal clock is selected as the transfer clock source, the
following operations execute as the transfer clock counts up to 8.

« Serial I/02 counter is cleared to “0”.

« Transfer clock stops at an “H” level.

« Interrupt request bit is set.

« Shift completion flag is set.

Also, the SDATA pin is in a high impedance state after the data trans-
fer is complete. Refer to Figure 36.

When the external clock is selected as the transfer clock source, the
interrupt request bit is set as the transfer clock counts up to 8, but
external control of the clock is required since it does not stop. Notice
that the SDATA pin is not in a high impedance state on the completion
of data transfer.

Synchronous clock
Transfer clock t ;

Serial I/02 register
write signal

—1

(Note)

g&gm\t?;gm 1102 X Do & b1 X p2/X ps X Da X Ds X pe Xp7| /

it receive K XX X X X X

A
Serial /02 interrupt request bit set

Note : When the internal clock is selected as the transfer and the direction register of P1 3/SDATA pin is set to the input mode,
the SDATA pin is in a high impedance state after the data transfer is completed.

Fig. 36 Serial 1/02 timing (LSB first)
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A-D Converter
The functional blocks of the A-D converter are described below.

[A-D conversion register] AD

The A-D conversion register is a read-only register that stores the
result of A-D conversion. Do not read out this register during an A-D
conversion.

[A-D control register] ADCON

The A-D control register controls the A-D converter. Bit 2 to 0 are
analog input pin selection bits. Bit 4 is the AD conversion completion
bit. The value of this bit remains at “0” during A-D conversion, and
changes to “1” at completion of A-D conversion.

A-D conversion is started by setting this bit to “0” except during an A-
D conversion.

[Comparison voltage generator]

The comparison voltage generator divides the voltage between Vss
and VREF by 1024 by a resistor ladder, and outputs the divided volt-
ages. Since the generator is disconnected from VREF pin and Vss
pin, current is not flowing into the resistor ladder.

[Channel Selector]
The channel selector selects one of ports P27/AN7 to P20/ANo, and
inputs the voltage to the comparator.

[Comparator and control circuit]

The comparator and control circuit compares an analog input volt-
age with the comparison voltage and stores its result into the A-D
conversion register. When A-D conversion is completed, the control
circuit sets the AD conversion completion bit and the AD interrupt
request bit to “1”. Because the comparator is constructed linked to a
capacitor, set f(XIN) to 500 kHz or more during A-D conversion.

Analog input pin selection bits
000 :
001:
010:
011:
100 :
101:
110:
111:

P20/ANO
P21/AN1
P22/AN2
P23/AN3
P24/AN4
P25/AN5
P26/AN6
P27/AN7

‘ A-D control register
(ADCON : address 003416)

Not used (returns “0” when read)

AD conversion completion bit

0 : Conversion in progress
1: Conversion completed
Not used (returns “0” when read)

Fig. 37 Structure of A-D control register

(Address 003516)

Read 10-bit (read out in ord

(Address 003616)

(Address 003516)

Read 8-bit (Read out only address 003516)

b7 b0

b9 | b8 [ b7 | b6 | b5 | b4 | b3 | b2
er address 003616, 003516)

b7 b0

b9 | b8

b7 b0

b7 | b6 [ b5 | b4 | b3 | b2 [ bl | b0

High-order 6-bit of address 003616 returns “0” when read.

Fig. 38 Structure of A-D conversion register

Data bus

b0

A-Dcontrolregister [ | [ ]

(Address 0034 16)

P20/AN0 O—
P21/AN1 O—»

A-D control circuit

—— A-D interrupt request

P22/AN2 O—

A-D conversion register (high-order)

P23/AN3 O—»
P24/AN4 O—»

Comparator

A-D conversion register (low-order)

P25/AN5 O—»
P26/AN6 O—
P27/AN7 O—»

Channel selector

10

Resistor ladder

(Address 0036 16)
(Address 003516)

Fig. 39 Block diagram of A-D converter
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Watchdog Timer

The watchdog timer gives a means for returning to a reset status
when the program fails to run on its normal loop due to a runaway.
The watchdog timer consists of an 8-bit watchdog timer H and an 8-
bit watchdog timer L, being a 16-bit counter.

Standard operation of watchdog timer

The watchdog timer stops when the watchdog timer control register
(address 003916) is not set after reset. Writing an optional value to
the watchdog timer control register (address 003916) causes the
watchdog timer to start to count down. When the watchdog timer H
underflows, an internal reset occurs. Accordingly, it is programmed
that the watchdog timer control register (address 003916) can be set
before an underflow occurs.

When the watchdog timer control register (address 00391s6) is read,
the values of the high-order 6-bit of the watchdog timer H, STP in-
struction disable bit and watchdog timer H count source selection bit
are read.

Initial value of watchdog timer

By a reset or writing to the watchdog timer control register (address
003916), the watchdog timer H is set to “FF16” and the watchdog
timer L is set to “FF16”.

HARDWARE
FUNCTIONAL DESCRIPTION

Operation of watchdog timer H count source selection bit

A watchdog timer H count source can be selected by bit 7 of the
watchdog timer control register (address 003916). When this bit is
“0”, the count source becomes a watchdog timer L underflow signal.
The detection time is 174.763 ms at f(XiN)=6 MHz.

When this bit is “1”, the count source becomes f(XiN)/16. In this
case, the detection time is 683 ps at f(XiN)=6 MHz.

This bit is cleared to “0” after reset.

Operation of STP instruction disable bit

When the watchdog timer is in operation, the STP instruction can be
disabled by bit 6 of the watchdog timer control register (address
003916).

When this bit is “0”, the STP instruction is enabled.

When this bit is “1”, the STP instruction is disabled, and an internal
reset occurs if the STP instruction is executed.

Once this bit is set to “1”, it cannot be changed to “0” by program.
This bit is cleared to “0” after reset.

Write “FF16” to the
watchdog timer
control register

Watchdog timer L (8)

xin(©) b

“qn

Watchdog timer H count
source selection bit

Data bus

O Write “FF16” to the
: watchdog timer
control register

Y
| Watchdog timer H (8) |»

Reset

RESET ( >—C{ VA

STP Instruction Disable Bit
STP Instruction:DT
1L/

ircui e
circuit Internal reset

Fig. 40 Block diagram of watchdog timer

b7 b0

WDTCON

Watchdog timer control register(address 0039 16)

Watchdog timer H (read-only for high-order 6-bit)

STP instruction disable bit
0 : STP instruction enabled
1 : STP instruction disabled

Watchdog timer H count source selection bit
0 : Watchdog timer L underflow
1: f(XIN)/16

Fig. 41 Structure of watchdog timer control register
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Reset Circuit

The microcomputer is put into a reset status by holding the RESET ‘
pin at the “L” level for 15 ps or more when the power source voltage O

is 4.1t0 5.5V and XiN is in stable oscillation.

After that, this reset status is released by returning the RESET pin to
the “H” level. The program starts from the address having the con-
tents of address FFFD16 as high-order address and the contents of =

address FFFCi6 as low-order address.

Note that the reset input voltage should be 0.82 V or less when the

power source voltage passes 4.1 V.

_—Poweron

Power source 3

RESET Vcc _|voltage
ov

< Reset input

4 voltage 0.2 Vee
I ov |
777

Note : Reset release voltage Vcc = 4.1V

RESET Vce

Power source
/ voltage

detection circuit

7 /7

Fig. 42 Example of reset circuit

Clock from built-injmﬂmmj.Iﬂ
ring oscillator

¢ e ]

RESET

RESETOUT

SYNC 7

Address X 72 X2 X7 X7 X2 Xrrc X FrrD XAonanoX

“¥—— Reset address from the
Data X X7 X7 X7 X7 X ADe XAbe X vector table
8-13 clock cycles

Notes 1 : A built-in ring oscillator applies about 250 kHz frequency as clock f at average of Vcc =5 V.
2 : The mark “?” means that the address is changeable depending on the previous state.
3: These are all internal signals except RESET

Fig. 43 Timing diagram at reset
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(1) Port PO direction register

(2) Port P1 direction register

(3) Port P2 direction register

(4) Port P3 direction register

(5) Port P4 direction register

(6) Pull-up control register

(7) USBJ/UART status register

(8) Serial 1/01 control register

(9) UART control register

(10) USB data toggle synchronization register
(11) USB interrupt source discrimination register 1
(12) USB interrupt source discrimination register 2
(13) USB interrupt control register

(14) USB transmit data byte number set register 0
(15) USB transmit data byte number set register 1
(16) USBPID control register 0

(17) USBPID control register 1

(18) USB address register

(19) USB sequence bit initialization register

(20) USB control register

(21) Prescaler 12

(22) Timer 1

(23) Timer 2

(24) Timer X mode register

(25) Prescaler X

(26) Timer X

(27) Timer count source set register

(28) Serial 1/02 control register

(29) A-D control register

(30) MISRG

(31) Watchdog timer control register

(32) Interrupt edge selection register

(33) CPU mode register

(34) Interrupt request register 1

(35) Interrupt control register 1

(36) Processor status register

(37) Program counter

Address Register contents
000116 | 0016 |

000316 x[oJoJoJoJoJoJo]
000516 | 0016 |
000716 | 0016 |

000916 [ X [ x [ X[ x[x[xJoJo]

001616 | FFis |

001916[ 1 JoJoJoJoJoJof1]
001A16| 0216 |
001Bis[ 21 [1]1JoJoJoJoJo]

001Dws[ 011111 ]1]1]
001E6[ 0112111 ]1]

001F6[0[1[1[1JofJof1]1]

00206[0JoJoJoJoJaJ1]1]
002116 | 0016 |

002216 | 0016 |

002316[0JoJofoJo[1[1]1]
002416[0JoJ1[a[a[a[1]1]

002516[1JoJoJoJoJoJoJo]

0026161 J1]1JafJ1J1]a]1]

002716[0JofaJaJafJaJafu1]

002816 [ FFio |
002916 | 011 |
002A16| 0015 |
002B16| 0016 |
002C16] FF1s |
002D16] FFs |
002Ez16] 0016 |
003016 | 0016 |
003416 | 1016 |
003816 | 0016 |

003916 [ 0JoJ1JaJaJaJaJa]
003A16| 0016 |
0o3Bws[ 1 [oJoJoJofoJoJo]
003Ci6] 0016 |
003E16] 0016 |
(PS) XTI x[xx[x[1]x[x]

(PCH) [__Contents of address FFFD16 |

(PCL) [__Contents of address FFFC16 |

Note X : Undefined

Fig. 44 Internal status of microcomputer at reset
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Clock Generating Circuit

An oscillation circuit can be formed by connecting a resonator be-
tween XN and XouT.

Use the circuit constants in accordance with the resonator
manufacturer's recommended values. No external resistor is needed
between Xin and XouT since a feed-back resistor exists on-chip.

e Oscillation control

* Stop mode
When the STP instruction is executed, the internal clock ¢ stops at
an “H” level and the XiN oscillator stops. At this time, timer 1 is set to
“0116” and prescaler 12 is set to “FF16” when the oscillation
stabilization time set bit after release of the STP instruction is “0”.
On the other hand, timer 1 and prescaler 12 are not set when the
above bit is “1”. Accordingly, set the wait time fit for the oscillation
stabilization time of the oscillator to be used.
f(XIN)/16 is forcibly connected to the input of prescaler 12.
When an external interrupt is accepted, oscillation is restarted but
the internal clock @remains at “H” until timer 1 underflows. As soon
as timer 1 underflows, the internal clock @ is supplied. This is
because when a ceramic oscillator is used, some time is required
until a start of oscillation.
In case oscillation is restarted by reset, no wait time is generated.
So apply an “L” level to the RESET pin while oscillation becomes
stable.

Wait mode

If the WIT instruction is executed, the internal clock @ stops at an
“H" level, but the oscillator does not stop. The internal clock restarts
if a reset occurs or when an interrupt is received.

Since the oscillator does not stop, normal operation can be started
immediately after the clock is restarted.

To ensure that interrupts will be received to release the STP or WIT
state, interrupt enable bits must be set to “1” before the STP or
WIT instruction is executed.

When the STP status is released, prescaler 12 and timer 1 will start
counting clock which is XiN divided by 16, so set the timer 1 inter-
rupt enable bit to “0” before the STP instruction is executed.

Note

For use with the oscillation stabilization set bit after release of the
STP instruction set to “1”, set values in timer 1 and prescaler
12 after fully appreciating the oscillation stabilization time of the
oscillator to be used.

Clock mode

Operation is started by a built-in ring oscillator after releasing reset.
A division ratio (1/1,1/2,1/8) is selected by setting bits 7 and 6 of the
CPU mode register after releasing it.

XIN XouTt

;CIN j;COUT

Fig. 45 External circuit of ceramic resonator

XIN Xout

y |

_— Open
External oscillation P

circuit
vee TLILTLIL
Vss

Fig. 46 External clock input circuit

b7 b0

LT LT LT wsromasess ooso

Oscillation stabilization time set bit after
release of the STP instruction
0: Set “0116” in timer1, and “FF16”
in prescaler 12 automatically
1: Not set automatically

Reserved bits (return “0” when read)
(Do not write “1” to these bits)

Not used (return “0” when read)

Fig. 47 Structure of MISRG
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XIN XouTt

Rd
Rf Main clock division ratio selection bit

Middle-speed, High-speed, double -speed mode

0(0 I 1/2 |——| 1/4 |——| 1/2 |—| Prescaler 12 |—|Terl|—
Ring oscillator
mode

Main clock division
ratio selection bit

Middle-speed mode
L—o

° Timing @
High-speed mode T (Internal clock)

Double-speed mode

Ring oscillator 1/8

(Note) Ring oscillator mode
QS s O S s
R [ STP instruction . WIT__Ir R — STP instruction
instruction
Reset

Interrupt disable flag |
Interrupt request Note: Ring oscillator is used only for starting.

Fig. 48 Block diagram of system clock generating circuit (for ceramic resonator)
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NOTES ON PROGRAMMING

Processor Status Register

The contents of the processor status register (PS) after reset are
undefined except for the interrupt disable flag | which is “1”. After
reset, initialize flags which affect program execution. In particular, it
is essential to initialize the T flag and the D flag because of their
effect on calculations.

Interrupts

The contents of the interrupt request bit do not change even if the
BBC or BBS instruction is executed immediately after they are
changed by program because this instruction is executed for the pre-
vious contents. For executing the instruction for the changed con-
tents, execute one instruction before executing the BBC or BBS in-
struction.

Decimal Calculations

« For calculations in decimal notation, set the decimal mode flag D to
“1", then execute the ADC instruction or SBC instruction. In this
case, execute SEC instruction, CLC instruction or CLD instruction
after executing one instruction before the ADC instruction or SBC
instruction.

« In the decimal mode, the values of the N (negative), V (overflow)
and Z (zero) flags are invalid.

Timers

* When n (0 to 255) is written to a timer latch, the frequency division
ratio is 1/(n+1).

* When a count source of timer X is switched, stop a count of timer X.

Ports

* The values of the port direction registers cannot be read.
That is, it is impossible to use the LDA instruction, memory opera-
tion instruction when the T flag is “1”, addressing mode using di-
rection register values as qualifiers, and bit test instructions such
as BBC and BBS.
It is also impossible to use bit operation instructions such as CLB
and SEB and read/modify/write instructions of direction registers
for calculations such as ROR.
For setting direction registers, use the LDM instruction, STA in-
struction, etc.

« As for the 36-pin version, set "1" to each bit 6 of the port P3 direc-
tion register and the port P3 register.

« As for the 32-pin version, set “1” to respective bits 5, 6, 7 of the port
P3 direction register and port P3 register.

A-D Converter

The comparator uses internal capacitors whose charge will be lost if
the clock frequency is too low.

Make sure that f(XIN) is 500kHz or more during A-D conversion.

Do not execute the STP instruction during A-D conversion.

Instruction Execution Timing

The instruction execution time can be obtained by multiplying the
frequency of the internal clock ¢ by the number of cycles mentioned
in the machine-language instruction table.

The frequency of the internal clock @ is the same as that of the
Xiv in double-speed mode, twice the X cycle in high-speed
mode and 8 times the X cycle in middle-speed mode.

NOTES ON USE

Handling of Power Source Pin

In order to avoid a latch-up occurrence, connect a capacitor suitable
for high frequencies as bypass capacitor between power source pin
(Vce pin) and GND pin (Vss pin). Besides, connect the capacitor to
as close as possible. For bypass capacitor which should not be lo-
cated too far from the pins to be connected, a ceramic or electrolytic
capacitor of 1.0 puF is recommended.

Handling of USBVREFOUT Pin

In order to prevent the instability of the USBVREFoOUT output due to
external noise, connect a capacitor as bypass capacitor between
USBVREFouT pin and GND pin (Vss pin). Besides, connect the ca-
pacitor to as close as possible. For bypass capacitor, a ceramic or
electrolytic capacitor of 0.22 pF is recommended.

One Time PROM Version

The CNVss pin is connected to the internal memory circuit block by a
low-ohmic resistance, since it has the multiplexed function to be a
programmable power source pin (Vpp pin) as well.

To improve the noise reduction, connect a track between CNVss pin
and Vss pin with 1 to 10 kQ resistance.

The mask ROM version track of CNVss pin has no operational inter-
ference even if it is connected via a resistor.
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DATA REQUIRED FOR MASK ORDERS/ROM PROGRAMMING METHOD

DATA REQUIRED FOR MASK ORDERS
The following are necessary when ordering a mask ROM produc-
tion:

(1) Mask ROM Order Confirmation Form

(2) Mark Specification Form

(3) Data to be written to ROM, in EPROM form
(three identical copies)

ROM PROGRAMMING METHOD

The built-in PROM of the blank One Time PROM version can be
read or programmed with a general-purpose PROM programmer us-
ing a special programming adapter. Set the address of PROM pro-
grammer in the user ROM area.

Table 8 Special programming adapter

Package Name of Programming Adapter

32P6U-A PCA7435GP, PCA7435GP02

36P2R-A PCA7435FP, PCA7435FP02

42P4B PCA7435SP, PCA7435SP02

The PROM of the blank One Time PROM version is not tested or
screened in the assembly process and following processes. To en-
sure proper operation after programming, the procedure shown in
Figure 49 is recommended to verify programming.

Programming with
PROM programmer

Screening (Caution)
(150 °C for 40 hours)

g

Verification with PROM
programmer

N~

Functional check in
target device

Caution: The screening temperature is far higher
than the storage temperature. Never
expose to 150 °C exceeding 100 hours.

Fig. 49 Programming and testing of One Time PROM version
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FUNCTIONAL DESCRIPTION SUPPLEMENT

Interrupt

7534 group permits interrupts on the 14 sources
for 42-pin version, 13 sources for 36-pin version
and 12 sources for 32-pin version. It is vector
interrupts with a fixed priority system. Accordingly,

when two or more interrupt requests occur during
the same sampling, the higher-priority interrupt is
accepted first. This priority is determined by
hardware, but variety of priority processing can be
performed by software, using an interrupt enable
bit and an interrupt disable flag.

For interrupt sources, vector addresses and interrupt
priority, refer to “Table 9.”

Table 9 Interrupt sources, vector addresses and interrupt priority

Int ; Vector addresses (Note 1)
nterrupt source jori i iti
p Priority High-order Low-order Interrupt request generating conditions Remarks
Reset (Note 2) 1 FFFD16 FFFC1s | Atresetinput Non-maskable
_UARTreceve | 2 | FFFBie | FFFAws | Atcompletion of UART datareceive | ValidinUART mode
USB IN token At detection of IN token Valid in USB mode
UART transmit 3 FFF916 FFF816 At completion of UART transmit shift or Valid in UART mode
] | when transmit bufferisempty |
USB SETUP/OUT token At detection of SETUP/OUT token or Valid in USB mode
Reset/Suspend/Resume At detection of Reset/ Suspend/ Resume
INT1 (Note 3) At detection of either rising or falling edge External interrupt
of INT1 input (active edge selectable)
INTo (Note 4) 4 FFF716 FFF616 At detection of either rising or falling edge External interrupt
of INTo input (active edge selectable)
Timer X 5 FFF516 FFF416 At timer X underflow
Key-on wake-up ?tglinig c?co?juﬁicﬁ ompﬁ Ichicg o 7@e§alﬂeﬂptﬁvﬁd§faﬁn6
level for port PO (at input)
Timer 1 6 FFF316 FFF216 | Attimer 1 underflow STP release timer underflow
Timer 2 7 FFF116 FFFO16 At timer 2 underflow
Serial /102 At completion of transmit/receive shift
CNTRo 8 FFEF16 FFEE1s | Atdetection of either rising or falling edge External interrupt (active edge
of CNTRo input selectable)
A-D conversion At completion of A-D conversion
BRK instruction 9 FFED16 FEEC16 At BRK instruction execution Non-maskable software interrupt

Note 1: Vector addressed contain internal jump destination addresses.

2: Reset function in the same way as an interrupt with the highest priority.

3: The INT1 interrupt does not exist in the 36-pin and 32-pin version.

4: The INTo interrupt does not exist in the 32-pin version.
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Timing After Interrupt instruction that is currently in execution.

Figure 50 shows a timing chart after an interrupt
The interrupt processing routine begins with the occurs, and Figure 51 shows the time up to execution
machine cycle following the completion of the of the interrupt processing routine.

8 A
SYNC
o L L L L L
WR
Address bus PC Xs,sps XS-l, ssts-z,sst BL X BH XAL, AH

Databus X Notused XPCHYPCLY PS Y AL X Av X

SYNC : CPU operation code fetch cycle

BL, BH : Vector address of each interrupt

AL, AH : Jump destination address of each interrupt
SPS : “0016” or “0116”

Fig. 50 Timing chart after an interrupt occurs

Generation of interrupt request Start of interrupt processing
¢ Y
Waiting time for
Main routine post_p?(,cessin \S/tea:;grpflgghand Interrupt processing routine

0to7 cycles 2 cycles : 5 cycles

A

7 to 14 cycles
(At performing 6.0 MHz, in double-speed mode,
1.17 pus to 2.34 pus)

Fig. 51 Time up to execution of the interrupt processing routine
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A-D Converter

A-D conversion is started by setting AD conversion
completion bit to “0.” During A-D conversion, internal
operations are performed as follows.

1. After the start of A-D conversion, A-D conversion
register goes to “0016.”

2. The highest-order bit of A-D conversion register
is set to “1,” and the comparison voltage Vref is
input to the comparator. Then, Vref is compared
with analog input voltage VIN.

3. As a result of comparison, when Vref < VIN, the
highest-order bit of A-D conversion register be-
comes “1.” When Vref > VIN, the highest-order
bit becomes “0.”

By repeating the above operations up to the lowest-
order bit of the A-D conversion register, an analog
value converts into a digital value.

A-D conversion completes at 122 clock cycles (20.34
ps at f(XIN) = 6.0 MHz) after it is started, and the
result of the conversion is stored into the A-D
conversion register.

Concurrently with the completion of A-D conversion,
A-D conversion interrupt request occurs, so that
the AD conversion interrupt request bit is set to
wq »

When n=0

When n = 1 to 1023

Relative formula for a reference voltage VREF of A-D converter and Vref

Vref = 0
Vref = VREF On
1024

n : the value of A-D converter (decimal numeral)

Table 10 Change of A-D conversion register during A-D conversion

Change of A-D conversion register Value of comparison voltage (Vref)

At start of conversion| [0 |0 |o]o]o]olo/o]o]o0] 0

. . VREF

First comparison \1\0\0\0\0\0\0\0\0\0\ 2

Second comparison \51\1\0\0\0\0\0\0\0\0\ VRZEF iVR;F

Third comparison P1P2[1]ofo]olo]olo]o] VRZEF + VZEF + VF;EF

After completion of A result of A-D conversion VREF VREF VREE

tenth comparison P1P 2737 a7 59 6]°7] 879710/ | 2 * 4 " * 1024

(J1-010: A result of the first to tenth comparison
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Figures 52 shows A-D conversion equivalent circuit,
and Figure 53 shows A-D conversion timing chart.

Vcc

o

ANi (i=0 to 7: 42-pin version, 36-pin version Zk (Note 1)
i=0 to 5: 32-pin version)

R 15 kQ(Typical 15 pF((:'f pical)
o AVAVAVE TN T

e

c1_
12 pF(Typical) Zk (Note 1) -

Typical voltage Chopper Amp.

generation circuit

Switch tree,

Vss Vss ladder resistor
Notes 1: This is a parasitic diode. l i D [ circui
2: Only the selected analog input pin is turned on. ’f f ¢ '

Vss VREF

Fig. 52 A-D conversion equivalent circuit

o JUULAMALL - T

Write signal for A-D control register
122 XIN cycles

AD conversion completion bit

sampling clock ] = 1 ]

Fig. 53 A-D conversion timing chart
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Stop mode
System enters the stop mode by executing the STP instruction. In the stop mode, the f(XiNn) oscillation is
stopped, and the internal clock @ is stopped. Accordlingly, CPU and the peripheral devices are stopped.

(1) Stop mode state
Table 11 shows the state at stop mode.

Table 11 Stop mode state

Parameter State Parameter State
Oscillation Stop Watchdog timer|Stop
CPU Stop RAM State retained
1/0 port State retained at STP instruction SFR State retained (Timer 1 and
execution prescaler 12 excepted)
Timer At selecting internal count source: CPU register |State retained
Stop « Accumulator
At selecting external count source:  Index register X
Operating (only Timer X)  Index register Y
UART Stop « Stack pointer
A-D conversion | Stop e Program counter
Serial 1/02 At selecting internal synchronous » Processor status register
clock: Stop
At selecting external synchronous
clock: Operating
USB Stop (suspend state)

(2) Stop mode release
Stop mode is released by reset input or interrupt occurrence. The interrupt sources which can be
used for return from stop mode are shown below.

* INTo

* INT1

* CNTRo

» Timer (Timer X) when using external clock
 Serial 1/02 when using external clock

« Key-on wakeup

USB function (resume, reset)

When the above interrupt sources are used for return from stop mode, execute the STP instruction
after the following are set in order to enable the using interrupts.

Clear the timer 1 interrupt enable bit to “0” (ICONL1, bit 4)

Clear the timer 2 interrupt enable bit to “0” (ICONL1, bit 5)

Clear the timer 1 interrupt request bit to “0” (IREQ1, bit 4)

Clear the timer 2 interrupt request bit to “0” (IREQ1, bit 5)

Clear the interupt request bit of the interrupt using for return to “0”

Set the interupt enable bit of the interrupt using for return to “1”

Clear the interrupt disable flag (I) to “0”

Oooooogdg
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Wait mode

System enters the wait mode by executing the WIT instruction. In the wait mode, the oscillation is operating,
but the internal clock ¢ is stopped. Accordlingly, CPU is stopped, but the peripheral devices are operating.

(1) Wait mode state
Table 12 shows the state at wait mode.

Table 12 Wait mode state

Parameter State Parameter State

Oscillation Stop Watchdog timer|Operating

CPU Stop RAM State retained

I/0 port State at WIT instruction execution SFR State retained (Timer 1, timer 2 and
retained prescaler 12 excepted)

Timer At selecting internal count source: CPU register |State retained
Operating « Accumulator
At selecting external count source:  Index register X
Operating  Index register Y

UART Operating « Stack pointer

A-D conversion

Operating (Conversion is
continued if the WIT instruction
is executed during conversion)

* Program counter
» Processor status register

Serial 1/02 At selecting internal synchronous
clock: Operating
At selecting external synchronous
clock: Operating

USB Operating

(2) Wait mode release
Wait mode is released by reset input or interrupt occurrence. In the wait mode, since the oscillation
is continued, the instruction is executed after the system is released from the wait mode. The
interrupt sources which can be used for return from wait mode are shown below.

* INToO

* INT1

* CNTRoO
e Timer

» Serial 1/02
* A-D conversion
* Key-on wakeup

* UART

USB function

When the above interrupt sources are used for return from wait mode, execute the WIT instruction
after the following are set in order to enable the using interrupts.

O Clear the interupt request bit of the interrupt using for return to “0”

0 Set the interupt enable bit of the interrupt using for return to “1”

0 Clear the interrupt disable flag (I) to “0”
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DESCRIPTION OF IMPROVED USB FUNCTION FOR 7534 GROUP/

DIFFERENCES AMONG 32-PIN, 36-PIN AND 42-PIN

DESCRIPTION OF IMPROVED USB FUNCTION
FOR 7534 GROUP

Table 13 Description of improved USB function for 7534 Group

No.

Parameter

7532/7536 Group

7534 Group

1

Response at Control transfer

Not deal with the host which performs the Control
transfer in parallel to plural device.

Connectable to the host which performs the Con-
trol transfer in parallel to plural device.

N

D+/D- transceiver circuit

USB function can be used only at the condition of
CL = 150 pF to 350 pF.

Deal with the the following USB Spefification Rev.
1.1.

CL = 200 pF to 450 pF,

Trise and Tfall: 75 ns to 300 ns,

Tr/Tf: 80 % to 125 %,

Cross over Voltage: 1.3V to 2.0 V.

Power dissipation at Suspend

Rating is Max. 300 pPA not including the output cur-
rent of USBVREFOUT.

Rating is Max. 300 pA including the output current
of USBVREFOUT, by low-power dissipation of D+/
D- input circuit and 3.3 V-regulator.

STALL in Status stage

ACK is returned once to OUT (DATADO) to be valid
in Status stage.

STALL is set automaticcally by hardware when
OUT (DATADO) is received in Status stage.

6-bit decode of SYNC field

SYNC is detected only when 8-bit full code (8016)
is complete.

SYNC is detected only the low-order 6 bits even if
the high-order 2 bits are corrupted.

DIFFERENCES AMONG 32-PIN, 36-PIN AND 42-PIN
The 7534 Group has three package types, and each of the number
of /0 ports are different. Accordingly, when the pins which have the
function except a port function are eliminated, be careful that the
functions are also eliminated.

Table 14 Differences among 32-pin, 36-pin and 42-pin

1/0O port 42-pin SDIP 36-pin SSOP 32-pin LQFP
Port P1 P1o-P16 (7-bit structure) P1o—-P14 (5-bit structure) P1o-P14 (5-bit structure)
Port P2 P20-P27 (8-bit structure) P20-P27 (8-bit structure) P20-P25 (6-bit structure)
(A-D converter 8-channel) (A-D converter 8-channel) (A-D converter 6-channel)
Port P3 P30-P37 (8-bit structure) P30-P3s, P37 (7-bit structure) P30-P34 (5-bit structure)
(INTo, INT1 available) (INTo available) (INT function not available)
Port P4 P40, P41 (2-bit structure) No port No port
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DIFFERENCES AMONG 32-PIN, 36-PIN AND 42-PIN

Additionally, there are differences of SFR usage and functional defi-

nitions.

Table 15 Differences among 32-pin, 36-pin and 42-pin (SFR)

Register (Address)

42-pin SDIP

36-pin SSOP

32-pin LQFP

Port P1/Direction
(0216/0316)

Bit 7 not available

Bits 5 to 7 not available

Bits 5 to 7 not available

Port P2/Direction
(0416/0516)

All bits available

All bits available

Bits 6 and 7 not available

Port P3/Direction
(0616/0716)

All bits available

Bit 6 not available

Bits 5 to 7 not available

Port P4/Direction
(0816/0916)

Bits 2 to 7 not available

All bits not available

All bits not available

Pull-up control
(1616)

Bit 6 definition:

“P3s, P36 pull-up control”
Bit 7 definition:

“P37 pull-up control”

Bit 6 definition:
“P3s pull-up control”
Bit 7 definition:
“P37 pull-up control”

Bits 6 and 7 not available

Port P1P3 control
(1716)

Bit O definition:
“P37/INTo input level selection”
Bit 1 definition:
“P36/INT1 input level selection”

Bit O definition:
“P37/INTo input level selection”
Bit 1 not available

Bits 0 and 1 not available

A-DControl
(3416)

Bits 0 to 2
“Input pins selected by setting these
bits to 000 to 111"

Bits 0 to 2
“Input pins selected by setting these
bits to 000 to 111"

Bits 0 to 2
“Input pins selected by setting these
bits to 000 to 101"

Interrupt edge
selection
(3A16)

Bit O definition

“INTo interrupt edge selection”

Bit 1 definition

“INT1 interrupt edge selection”

Bit 4 definition

“Serial 1/01, INT1 interrupt selection’

Bit O definition
“INTo interrupt edge selection”
Bits 1 and 4 not available

Bits 0, 1 and 4 not available

Interrupt request
(3C16)

Bit 1 definition

“UART transmission, USB (except IN),
INT1”

Bit 2 definition

“INT0”

Bit 1 definition

“UART transmission, USB (except IN)”
Bit 2 definition

“INT0”

Bit 1 definition
“UART transmission, USB (except IN)”
Bit 2 not available

Interrupt control
(3E16)

Bit 1 definition

“UART transmission, USB (except IN),
INT1”

Bit 2 definition

“INT0”

Bit 1 definition

“UART transmission, USB (except IN)”
Bit 2 definition

“INT0”

Bit 1 definition
“UART transmission, USB (except IN)”
Bit 2 not available
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DESCRIPTION SUPPLEMENT FOR USE OF USB FUNCTION STABLY

Pl2/Scik <= [1 | 136 | < P11/TxD/D+
P13/SpATA < [2 | O 135] <= P1o/RxD/D-
P14/CNTRo < [3 | [34] ~— PO7
P20/ANo «— [4 | [33] < POs
P21/AN1+— [5 | (% ozo [32] < POs
P22/AN2 < [6_| ~ ~ [31] <> P04 1.5kQ
P23/AN3 +—> [7 | o1 01 [30] <> PO3
P24/AN4 < |8 Cﬁ) (ﬁ) [29] «— PO2
P25/ANs «— [9_| m< 28] + P01
P26/AN6 «— [10 | 0 N [27] <= P00
P27/AN7 < [11] % >I< [26] — [USBVREFoUT|—$
VReF — [12] e [25] <= [P37/INTo |
RESET — [13] P [24] +—> P35(LEDs)
CNVss — [14] 11 23] ~> P34(LED4)
Vee  [15] U [22] +—= P33(LED3)
1 XIN —> [16]] [21] ~~ P32(LED2) _|
T Xout «— [17 O [20] <= P31(LED1) 7T
Vss  [18] [19] <= P3o(LEDo)

Outline 36P2R-A

/

O Connect a bypass capacitor to a device [ Connect a capacitor to a device as
as close as possible. For the capacitor, close as possible. For the capacitor,
a ceramic capacitor or an electrolytic a ceramic capacitor or an electrolytic
capacitor of 1.0 puF is recommended. capacitor of 0.22 pF is recommended.

Reason of O is to reduce the effect by switcing noise of microcomputer to the
analog circuit generating USBVREFOUT output. Use the bigger capacitor and
connect to device at the shortest distance.

Reason of O is to prevent the instability of the USBVREFOUT output due to
external noise

Fig. 54 Handling of Vcc, USBVREFOUT pins of M37534M4-XXXFP, M37534E8FP
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O Connect a capacitor to a device as
close as possible. For the capacitor,
a ceramic capacitor or an electrolytic
capacitor of 0.22 pF is recommended.

1.5kQ S
4\A% T
v
3
i
x
>
© I O N o 9D %
EEEEREED
=[[=]s]=]=]=]=]x]
PO7 <[5 [16]<> P34(LED4)
L P10o/RxD/D- <»[5] 15| P33(LED3)
P11/TxD/D+ < [27] 14|=> P3>(LED2)

P12/Scik <=[a] M37534M4-XXXGP [zl p3y(LED1)
P13/SpaTA <[5 M37534E4GP 12]=> P30(LEDo)

P14/CNTRo < [30] [11] Vss
P20/ANo <> [31 ] 10]— Xour
P21/AN1 <> [37] O [ o] =— Xin

T
222245838
TIIIEpz> |
N O I 10 (11|

NN NN o @)

(A Al a N

Outline 32P6U-A

0 Connect a bypass capacitor to a device
as close as possible. For the capacitor,
a ceramic capacitor or an electrolytic
capacitor of 1.0 uF is recommended.

Reason of 0 is to reduce the effect by switcing noise of microcomputer to the
analog circuit generating USBVREFOUT output. Use the bigger capacitor and
connect to device at the shortest distance.

Reason of 0 is to prevent the instability of the USBVREFOUT output due to
external noise.

Fig. 55 Handling of Vcc, USBVREFOUT pins of M37534M4-XXXGP, M37534E4GP
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/
P14/CNTRO «— E E < P13/SDATA
Pls<«> [2 | [41] == P12/SCLK
Ple <« [3 | [40] <— P11/TxD/D+
P20/ANo +— [4_| [39] <= P10o/RxD/D-
P21/AN1+— [5 [38] < PO7
NC [6 ] [37] <— POs
P22/AN2 +> [T] % % % 6] — POs
P23/AN3 < [8 | Y (35| <> P04
P24/AN4 +— [9_] o1 0101 [34] <= P03
P25/ANs «— [10 W W w ]~ PO»
DD D
P26/AN6 ~— [11] =M [32] <> P01
P27/AN7 < [12] Ny o [31] <= POo
P40« [13] @) >'< o)) [30] — USBVREFOUT—¢
P41~ [1] o 59] <= P37/INTo
VREF — [15| P (28] «— P36(LEDs)/INT1
RESET — [16] ()] [27] +— P35(LEDs)
CNVss — [17] U 26] ~—= P34(LED4)
Vee  [18] 25] < P33(LED3) |
1 XIN—> [19 [24] < P32(LED2)
] XouT «— [20] 23] <= P31(LED1)
Vss [21] [22] <= P30(LEDo)
Outline 42P4B
0 Connect a bypass capacitor to a device U Connect a capacitor to a device as
as close as possible. For the capacitor, close as possible. For the capacitor,
a ceramic capacitor or an electrolytic a ceramic capacitor or an electrolytic
capacitor of 1.0 pF is recommended. capacitor of 0.22 pF is recommended.
Reason of 0 is to reduce the effect by switcing noise of microcomputer to the
analog circuit generating USBVREFOUT output. Use the bigger capacitor and
connect to device at the shortest distance.
Reason of 0 is to prevent the instability of the USBVREFOUT output due to
external noise.

1.5kQ

Fig. 56 Handling of Vcc, USBVREFOUT pins of M37534E8SP, M37534M4-XXXSP, M37534RSS
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APPLICATION
2.1 1/0 port

2.1 1/O port

This paragraph explains the registers setting method and the notes relevant to the I/O ports.

2.1.1 Memory map

000016 | Port PO (PO)

000116 | Port PO direction register (POD)

000216 | Port P1 (P1)

000316 | Port P1 direction register (P1D)

000416 | Port P2 (P2)

000516 | Port P2 direction register (P2D)

000616 | Port P3 (P3)

000716 | Port P3 direction register (P3D)

000816 | Port P4 (P4)

000916 | Port P4 direction register (P4D)

/\\/
T~

— A

Fig. 2.1.1 Memory map of registers relevant to I/O port

2.1.2 Relevant registers

Port Pi
b7 b6 b5 b4 b3 b2 bl b0

Port Pi (Pi) (i=0to 4) [Address : 00 16, 0216, 0416, 0616, 0816]

B Name Function Atreset| R |[W

0 | Port Pio * In output mode ? |9|°
Write

1 |Port Pix erad}PoIrt latch 2 |olo

: * In input mode

2 | Port Pi2 Write : Port latch ? 19|©
Read : Value of pins

3 | Port Pi3 ? [©]|©

4 | Port Pia 2 |©|©

5 | Port Pis ? [©]©

6 | Port Pis ? |9|0

7 | Port Piz ? |9|0

Note: The following ports do not exist, so that the corresponding bits are not used.

« 42-pin version: Ports P17, P42—P47
« 36-pin version: Ports P15-P17, P36, P40-P47
* 32-pin version: Ports P15-P17, P26, P27, P35-P37, P40-P47

Fig. 2.1.2 Structure of Port Pi (i = 0 to 4)
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2.1 1/0 port

Port Pi direction register
b7 b6 b5 b4 b3 b2 bl b0

Port Pi direction register (PiD) (i = O to 4) [Address : 01 16, 0316, 0516, 0716, 0916]

I I I I I I I I
i i i i i i i i B Name Function Atreset| R [W
L1111 Lo [Port Pidirection register 0 : Port Pioinput mode o |oOfo
[ 1 : Port Pio output mode
| [ |
S L777 1 0 : Port Pi1input mode o |oOlo
A o 1 : Port Pi1 output mode
TR o 2 0 : Port Piz input mode o |olo
b | 1 : Port Piz output mode
Lol Lo 3 0: Port P@a input mode o |ofo
ol | 1 : Port Piz output mode
N N R 4 0: Port P@4input mode o |olo
. | 1 : Port Pi4 output mode
N 5 0 : Port Pisinput mode o |olo
} } [ | 1 : Port Pis output mode
} L 777777777777777 6 0: Port P@s input mode o |olo
| - 1 : Port Pis output mode
L 7 0 : Port Pi7input mode o |olo
1: Port Pi7 output mode
Note: The following ports do not exist, so that the corresponding bits are not used.
* 42-pin version: Ports P17, P42—-P47
« 36-pin version: Ports P15—P17, P36, P40-P47
 32-pin version: Ports P15—-P17, P26, P27, P35-P37, P40—P47
Fig. 2.1.3 Structure of Port Pi direction register (i = 0 to 4)
Pull-up control reqister
b7 b6 b5 b4 b3 b2 bl b0
Pull-up control register (PULL) [Address : 16 1¢]
I I I I I I I I
i i i i i i i i B Name Function Atreset| R |W
Cr b1 L]0 [POo pull-up control bit 0 : Pull-up Off 1 |o|o
[ A 1: Pull-up On
| | | | | | |
1L |1 [PO1pull-up control bit 0 : Pull-up Off 1 |olo
A 1: Pull-up On
T R N I 2 | POz, P03 pull-up control bit 0 : Pull-up Off 1 |o|o
b 1: Pull-up On
Lol Lo __ 3 | P04 — PO7 pull-up control bit 0 : Pull-up Off 1 |olo
o 1: Pull-up On
N N 4 | P30 — P33 pull-up control bit [0 : Pull-up Off 1 |olo
. 1: Pull-up On
Lo ] 5 | P34 pull-up control bit 0 : Pull-up Off 1 lolo
Lo 1: Pull-up On
} L 777777777777777 6 | P3s, P36 pull-up control bit 0 : Pull-up Off 1 |olo
| (Note 2) 1: Pull-up On
L 7 | P37 pull-up control bit 0 : Pull-up Off 1 |olo
(Note 3) 1: Pull-up On

Notes 1: Pins set to output are disconnected from the pull-up control.

2: « 36-pin version: P36 is not existed.

* 32-pin version: Not used.
3: 32-pin version: Not used.

Fig. 2.1.4 Structure of Pull

-up control register
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2.1 1/0 port

Port P1P3 control register
b7 b6 b5 b4 b3 b2 bl b0

Port P1P3 control register (P1P3C) [Address : 17 16

T I I
i i i i i i i i B Name Function At reset w
L 1 11 Lo |P37/INToinput level selection [0 : CMOS level 0 o
o bit (Note 1) 1:TTL level
} } } } } } I __ |1 |P36/INT1 input level selection |0 : CMOS level 0 @]
[ R R bit (Note 2) 1:TTL level
|
R 2 |P1o, P12,P13 input level 0 : CMOS level 0 o
b selection bit 1:TTL level
| | | | |
A i 3 | Nothing is allocated for these bits. These are write disabled bits. 0 O
[ T T || When these bits are read out, the values are “0".
| | | | 4 0 0
N
[ —
i i N 5 0 O
| | 1
Do 6 0 O
‘ —
L 7 0 0
Notes 1: For the 32-pin version, nothing is allocated for this bit.
This is a write disabled bit.
When this bit is read out, the value is “0".
2: For the 32-pin and 36-pin versions, nothing is allocated for this bit.
This is a write disabled bit.
When this bit is read out, the value is “0”".
Fig. 2.1.5 Structure of P1P3 control register
Interrupt edge selection register
b7 b6 b5 b4 b3 b2 bl b0
Interrupt edge selection register (INTEDGE) [Address : 3A 1]
I I I I I I
i i i i i i i i B Name Function At reset Wi
T | I __{o [INTointerrupt edge 0 : Falling edge active 0 (@)
L selection bit (Note 1) 1 : Rising edge active
o1 1 11 L___|q |INTzinterrupt edge 0 : Falling edge active 0 (@)
A selection bit (Note 2) 1: Rising edge active
| | | | | |
o ] 2 | Nothing is allocated for these bits. These are write disabled bits. 0 a
[ N N B || When these bits are read out, the values are “0”.
| | | | |
T 3 0 H
| | | |
A T I 4 | Serial /01 or INT1 interrupt 0 : Serial /01 0 0)
. selection bit 1:INTz
A 5 | Timer X or key-on wake up 0: Timer X 0 0
I interrupt selection bit 1: Key-on wake up
} L 777777777777777 6 | Timer 2 or serial I/02 interrupt | 0 : Timer 2 0 e}
| selection bit 1: Serial /02
L 7 | CNTRo or AD converter 0: CNTRo 0 o
interrupt selection bit 1: AD converter

Notes 1: 32-pin version: Not used.
This is a write disabled bit. When this bit is read out, the value is “0".
2: 36-pin and 32-pin version: Not used.
This is a write disabled bit. When this bit is read out, the value is “0".

Fig. 2.1.6 Structure of Interrupt edge selection register
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2.1 1/0 port
Interrupt request register 1
b7 b6 b5 b4 b3 b2 bl b0
Interrupt request register 1 (IREQ1) [Address : 3C 16]
I I I I I I I
i i i i i i i i Name Function Atreset| R
A | Lo UART receive/USBIN token 0 : No interrupt request issued o |lolo
[ T R interrupt request bit 1 : Interrupt request issued
|
Lo L,, 1 | UART transmit/USBSETUP/ | 0 : No interrupt request issued 0 |o|o
N OUT token/Reset/Suspend/ 1 : Interrupt request issued
A Resume/INT1 interrupt
A request bit (Note 1)
e e 2 | INTo interrupt request bit 0: No interrupt request issued o |olo
I R (Note 2) 1 : Interrupt request issued
} } } } L 77777777 3 | Timer X or key-on wake up 0 : No interrupt request issued o |olo
oo interrupt request bit 1 : Interrupt request issued
o L 4 | Timer 1 interrupt request bit |0 : No interrupt request issued o |o]|o
Lo 1: Interrupt request issued
R S 5 | Timer 2 or serial I/O2 interrupt [0 : No interrupt request issued o |olo
o request bit 1 : Interrupt request issued
b 6 [ CNTRo or AD converter 0 : No interrupt request issued o |o]g
| interrupt request bit 1 : Interrupt request issued
|
[ 7 | Nothing is allocated for this bit. This is a write disabled bit. o |[o]lo
When this bit is read out, the value is “0".

O: These bits can be cleared to “0” by program, but cannot be set.
Notes 1: 36-pin version and 32-pin version: INT1 interrupt does not exist.

2: 32-pin version: INTo interrupt does not exist.

This is a write disabled bit. When this bit is read out, the value is “0".

Fig. 2.1.7 Structure of Interrupt request register 1

Interrupt control register 1

b7 b6 b5 b4 b3 b2 bl bO

Interrupt control register 1 (ICON1) [Address : 3E 16]

B Name Function Atreset| R |\W

0 | UART receive/USBIN token 0 : Interrupt disabled 0 |O]|O
interrupt enable bit 1 : Interrupt enabled

1 | UART transmit/USBSETUP/ 0 : Interrupt disabled 0 |O]|O
OUT token/Reset/Suspend/ 1 : Interrupt enabled
Resume/INT1 interrupt enable
bit (Note 1)

2 | INTo interrupt enable bit 0 : Interrupt disabled 0 |O]|O
(Note 2) 1 : Interrupt enabled

3 | Timer X or key-on wake up 0 : Interrupt disabled o |O]|O
interrupt enable bit 1 : Interrupt enabled

4 | Timer 1 interrupt enable bit 0 : Interrupt disabled 0 |[©]|O

1 : Interrupt enabled

5 | Timer 2 or serial I/02 interrupt | O : Interrupt disabled 0o |Oo]O
enable bit 1 : Interrupt enabled

6 | CNTRo or AD converter 0 : Interrupt disabled o |of|o
interrupt enable bit 1 : Interrupt enabled

7 | Nothing is allocated for this bit. Do not write “1” to this bit. 0 |O|O
When this bit is read out, the value is “0".

Notes 1: 36-pin version and 32-pin version: INT1 interrupt does not exist.
2: 32-pin version: INTo interrupt does not exist.

This is a write disabled bit. When this bit is read out, the value is

‘0.

Eig. 2.1.8 Structure of Interrupt control register 1
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2.1 1/0 port

2.1.3 Application example of key-on wake up
Outline: The built-in pull-up resistor is used.

Pull-up control register (address 16 16)
b7

b0
e | ][] fafals]

u—‘—> POo — P03 pull-up on

Interrupt edge selection register (address 3A 16)
b7 b0

wreece [ | o] [ ] ]

Timer X or key-on wake up interrupt selection
: Key-on wake up selected

Interrupt control register 1 (address 3E 16)
b7 b0

cons | | [ [of []]
% Timer X or key-on wake up interrupt: Enabled

Interrupt request register 1 (address 3C 16)
b7 b0

e | [ [ ] Jo] [ []
% Timer X or key-on wake up interrupt request bit

Fig. 2.1.9 Relevant registers setting

7534 group

P03

20 o POi (i: 0 — 3)

P02 *
1—0 o—o

Key ON
PO1

Furo Tng ovs

POo

Fig. 2.1.10 Application circuit example
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2.1 1/0 port
C RESET ) e [1: This bit is not used here. Set it to “0” or “1” arbitrary.
Initialization
PU:LL (address 1616) <— XXXXX1112 P03 — PQo pull-up On
Power down procedure
IN'i'EDGE(address 3Az1), bit6 <«— 1 *Key-on wake up selected
IREQL  (address 3Cis), bit3 «— 0 «Clear the key-on wake up interrupt request bit to “0”
ICON1 (address 3Eus), bit3 <«— 1 +Key-on wake up interrupt enabled
wIT
\
C Key ON )
Process continuation ‘
Interrupt process of
Key-on wake up
C RTI )
Fig. 2.1.11 Control procedure
2.1.4 Handling of unused pins
Table 2.1.1 Handling of unused pins
Pins/Ports name Handling
PO, P1, P2, P3, P4 |-Set to the input mode and connect each to Vcc or Vss through a resistor of 1 kQ to
10 kQ.
«Set to the output mode and open at “L” or “H” level.
VRer eConnect to Vss (GND).
Xout *Open, only when using an external clock
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2.1 1/0 port

2.1.5 Notes on input and output pins

(1) Notes in stand-by state
In stand-by state*! for low-power dissipation, do not make input levels of an input port and an I/O
port “undefined”.
Pull-up (connect the port to Vcc) or pull-down (connect the port to Vss) these ports through a
resistor.
When determining a resistance value, note the following points:
» External circuit
« Variation of output levels during the ordinary operation

When using a built-in pull-up resistor, note on varied current values:
* When setting as an input port : Fix its input level
« When setting as an output port : Prevent current from flowing out to external.

e Reason
The potential which is input to the input buffer in a microcomputer is unstable in the state that input
levels of a input port and an 1/O port are “undefined”. This may cause power source current.

*1 stand-by state : the stop mode by executing the STP instruction
the wait mode by executing the WIT instruction

(2) Modifying output data with bit managing instruction
When the port latch of an 1/O port is modified with the bit managing instruction*?, the value of the
unspecified bit may be changed.

e Reason
The bit managing instructions are read-modify-write form instructions for reading and writing data
by a byte unit. Accordingly, when these instructions are executed on a bit of the port latch of an
I/0 port, the following is executed to all bits of the port latch.
» As for a bit which is set for an input port :
The pin state is read in the CPU, and is written to this bit after bit managing.
» As for a bit which is set for an output port :
The bit value of the port latch is read in the CPU, and is written to this bit after bit managing.

Note the following :

e Even when a port which is set as an output port is changed for an input port, its port latch holds
the output data.

« As for a bit of the port latch which is set for an input port, its value may be changed even when
not specified with a bit managing instruction in case where the pin state differs from its port latch
contents.

*2 bit managing instructions : SEB, and CLB instructions
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2.1 1/0 port

2.1.6 Termination of unused pins
(1) Terminate unused pins
00 Output ports : Open

O Input ports :
Connect each pin to Vcc or Vss through each resistor of 1 kQ to 10 kQ.
Ports that permit the selecting of a built-in pull-up resistor can also use this resistor. As for pins
whose potential affects to operation modes such as pins CNVss, INT or others, select the Vcc pin
or the Vss pin according to their operation mode.

O I/O ports :

« Set the 1/O ports for the input mode and connect them to Vcc or Vss through each resistor of
1 kQ to 10 kQ.

Ports that permit the selecting of a built-in pull-up resistor can also use this resistor. Set the I/
O ports for the output mode and open them at “L” or “H".

« When opening them in the output mode, the input mode of the initial status remains until the
mode of the ports is switched over to the output mode by the program after reset. Thus, the
potential at these pins is undefined and the power source current may increase in the input
mode. With regard to an effects on the system, thoroughly perform system evaluation on the user
side.

 Since the direction register setup may be changed because of a program runaway or noise, set
direction registers by program periodically to increase the reliability of program.

(2) Termination remarks

O Input ports and 1/0O ports :
Do not open in the input mode.

e Reason
« The power source current may increase depending on the first-stage circuit.
« An effect due to noise may be easily produced as compared with proper termination O and
O shown on the above.

O I/O ports :
When setting for the input mode, do not connect to Vcc or Vss directly.

e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between a port and Vcc (or Vss).

O I/O ports :
When setting for the input mode, do not connect multiple ports in a lump to Vcc or Vss through
a resistor.

e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between ports.

< At the termination of unused pins, perform wiring at the shortest possible distance (20 mm or less)
from microcomputer pins.
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2.2 Timer

This paragraph explains the registers setting method and the notes relevant to the timers.

2.2.1 Memory map

e

002816 | Prescaler 12 (PRE12)

002916 | Timer 1 (T1)

002A16| Timer 2 (T2)

002B16 | Timer X mode register (TM)

002C16| Prescaler X (PREX)

002D16 | Timer X (TX)

002E16 | Timer count source set register (TCSS)

A~

003A16 | Interrupt edge selection register (INTEDGE)

N

003C1s | Interrupt request register 1 (IREQ1)

N

003E1s6 | Interrupt control register 1 (ICON1)

Fig. 2.2.1 Memory map of registers relevant to timers

2.2.2 Relevant registers

Prescaler 12, Prescaler X
b7 b6 b5 b4 b3 b2 bl b0

Prescaler 12 (PRE12) [Address : 28 16]
Prescaler X (PREX) [Address : 2C 16]

B Function Atreset| R |W
0 [+set a count value of each prescaler. 1 o
|| «The value set in this register is written to both each prescaler

1 | and the corresponding prescaler latch at the same time. 1 O
|| *When this register is read out, the count value of the corres-

2 | ponding prescaler is read out. 1 e}
3 1 O
4 1 O
5 1 e)
6 1 O
7 1 ©

Fig. 2.2.2 Structure of Prescaler 12, Prescaler X

2-10
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2.2 Timer
Timer 1
b7 b6 b5 b4 b3 b2 bl b0
Timer 1 (T1) [Address : 29 16]
I I I I I I I I
|
i i i i i | i i B Function Atreset| R |W
1 L 1 1 1 1 .40 |esetacountvalue of timer 1. 1 [©]0
A N N || +The value set in this register is written to both timer 1 and timer 1
A I L___|1| latch atthe same time. 0 |O]|O
R | [ *When this register is read out, the timer 1’s count value is read
e
| | | | | ||
SR R E o [°]°
| | | | _—
T T T 4 o |o|o
| | |
| | | —
[ I SN 5 0o [o]o
| |
| | 1
e —— 6 0 |OfO
‘ —
o 7 o |o]o
Fig. 2.2.3 Structure of Timer 1
Timer 2
b7 b6 b5 b4 b3 b2 bl b0
Timer 2 (T2) [Address : 2A1s]
I I I I I I I I
|
i i i i i ! i i B Function Atreset| R |W
1 1 1 | 1 | L]0 |esetacountvalue of timer 2. 0 |©|©
A N N || +The value set in this register is written to both timer 2 and timer 2
A I L___|1| latch atthe same time. 0 [O]O
e || *When this register is read out, the timer 2’s count value is read
e
| | | | | ||
P o [°]°
| | | | _—
T T T 4 o |o|o
| | |
| | | —
[ I SN 5 0o [o]o
| |
| | 1
N 6 0o |olo
‘ —
o 7 o |olo

Fig. 2.2.4 Structure of Timer 2
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Timer X
b7 b6 b5 b4 b3 b2 bl b0

Timer X (TX) [Address : 2D 16]

I I I I I I I I
|

i i i i i ! i i B Function Atreset| R |W

1 L 1 1 1 1 L0 |esetacountvalue of timer X. 1 O

A N N || +<The value set in this register is written to both timer X and timer X

A N 1| latch at the same time. 1 O

e || *When this register is read out, the timer X’s count value is read

o NEIE

[ N |

e o

| | | | —

] b : L

| | | —

i i R — 5 1 o

| | |

R T 6 1 ©)

‘ —

b 7 1 o
Fig. 2.2.5 Structure of Timer X
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2.2 Timer
Timer X mode register
b7 b6 b5 b4 b3 b2 bl b0
Timer X mode register (TM) [Address : 2B 16]
I I I I
EERRE R - Fircion e[
' 1 1 1 1 | 1 |o|Timer X operating mode bits | b1b0 o |olo
[ A A N A 0 O: Timer mode
N T N R 0 1: Pulse output mode
ol | 1 0: Event counter mode
e 1 1 1: Pulse width measurement 0 |O|0
o mode
| | | | |
O R 2 | CNTRo active edge switch bit | The function depends on the 0 |Oofo
[ operating mode.
TR (Refer to Table 2.2.1)
| | | | |
A S S S 3 | Timer X count stop bit 0 : Count start o [o]|o
} } } } 1 : Count stop
O —— 4 | Nothing is allocated for these bits. These are write disabled bits. 0 |O|O
o || When these bits are read out, the values are “0".
R R S 5 0 |O|O
| | —
i ] 6 o |ofo
| —
L 7 0 [0o]|D
Fig. 2.2.6 Structure of Timer X mode register
Table 2.2.1 CNTRo active edge switch bit function
Timer X operation modes CNTRo active edge switch bit (bit 2 of address 2Bis) contents
Timer mode “0”"|CNTRo interrupt request occurrence: Falling edge

; No influence to timer count
“1"|CNTRo interrupt request occurrence: Rising edge

; No influence to timer count
Pulse output mode “0”|Pulse output start: Beginning at “H” level

CNTRo interrupt request occurrence: Falling edge

“1"|Pulse output start: Beginning at “L” level

CNTRo interrupt request occurrence: Rising edge

Event counter mode “0”| Timer X: Rising edge count

CNTRo interrupt request occurrence: Falling edge

“1"| Timer X: Falling edge count

CNTRo interrupt request occurrence: Rising edge

Pulse width measurement mode (“0”| Timer X: “H” level width measurement

CNTRo interrupt request occurrence: Falling edge

“1"| Timer X: “L” level width measurement

CNTRo interrupt request occurrence: Rising edge
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Timer count source set register
b7 b6 b5 b4 b3 b2 bl b0

Timer count source set register (TCSS) [Address : 2E 16]

RERRREE Funcion e [R[w
o } Lo Timer X count source 0:f(Xin) /16 0 o)
o | | selection bit (Note) 1:f(Xin) /2
T I |1 Nothing is allocated for these bits. These are write disabled bits. 0 U
A | When these bits are read out, the values are “0".
N 2 P
A —
I 3 0 .
| | | | —
T R 4 0 0
| | |
| | | —
i i R —— 5 0 0
| | 1
S —— 6 0 0
‘ —
b 7 0 0
Note: To switch the timer X count source selection bit, stop the timer X count
operation before do that.
Fig. 2.2.7 Structure of Timer count source set register
Interrupt edge selection register
b7 b6 b5 b4 b3 b2 bl b0
Interrupt edge selection register (INTEDGE) [Address : 3A 16]
I I I I I I
BEEE R - m— Funcior e [Rw
1111 Lo |INTointerrupt edge 0 : Falling edge active 0 o)
A | } selection bit (Note 1) 1 : Rising edge active
A . | INT1 interrupt edge 0 : Falling edge active 0 (@)
A selection bit (Note 2) 1 : Rising edge active
| | | | |
oo R —— 2 | Nothing is allocated for these bits. These are write disabled bits. 0 O
N R T B || When these bits are read out, the values are “0".
e o [o]°
| | | |
N N 4 | Serial /01 or INT 1 interrupt 0 : Serial /01 0 o)
. selection bit 1:INT:2
Lo ] 5 | Timer X or key-on wake up 0 : Timer X 0 0
Lo interrupt selection bit 1 : Key-on wake up
} L 777777777777777 6 | Timer 2 or serial /02 interrupt (O : Timer 2 0 e}
| selection bit 1: Serial /02
L 7 | CNTRo or AD converter 0:CNTRo 0 o
interrupt selection bit 1: AD converter

Notes 1: 32-pin version: Not used.

This is a write disabled bit. When this bit is read out, the value is “0".
2: 36-pin and 32-pin version: Not used.
This is a write disabled bit. When this bit is read out, the value is “0".

Fig. 2.2.8 Structure of Interrupt edge selection register

2-14 7534 Group User's Manual




APPLICATION
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Interrupt request register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 1 (IREQ1) [Address : 3C 16]

B Name Function Atreset| R [w

0 | UART receive/USBIN token 0 : No interrupt request issued 0 0
interrupt request bit 1 : Interrupt request issued

1 [ UART transmit/USBSETUP/ |0 : No interrupt request issued 0 0
OUT token/Reset/Suspend/ 1 : Interrupt request issued
Resume/INT 1 interrupt
request bit (Note 1)

2 | INTo interrupt request bit 0 : No interrupt request issued 0 O
(Note 2) 1 : Interrupt request issued

3 | Timer X or key-on wake up 0 : No interrupt request issued 0 0
interrupt request bit 1 : Interrupt request issued

4 | Timer 1 interrupt request bit |0 No interrupt request issued 0 O

1: Interrupt request issued

5 | Timer 2 or serial /02 interrupt |0 : No interrupt request issued 0 0
request bit 1 : Interrupt request issued

6 | CNTRo or AD converter 0 : No interrupt request issued 0 0
interrupt request bit 1: Interrupt request issued

7 | Nothing is allocated for this bit. This is a write disabled bit. 0 O

When this bit is read out, the value is “0”.

0: These bits can be cleared to “0” by program, but cannot be set.
Notes 1: 36-pin version and 32-pin version: INT1 interrupt does not exist.
2: 32-pin version: INTo interrupt does not exist.

This is a write disabled bit. When this bit is read out, the value is “0".

Fig. 2.2.9 Structure of Interrupt request register 1

Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register 1 (ICON1) [Address : 3E 16]

B Name Function Atreset | R [w

0 | UART receive/USBIN token 0 : Interrupt disabled 0 (@)
interrupt enable bit 1 : Interrupt enabled

1 |UART transmit/USBSETUP/ 0 : Interrupt disabled 0 O
OUT token/Reset/Suspend/ 1 : Interrupt enabled
Resume/INT1 interrupt enable
bit (Note 1)

2 [ INTo interrupt enable bit 0 : Interrupt disabled 0 O
(Note 2) 1 : Interrupt enabled

3 | Timer X or key-on wake up 0 : Interrupt disabled 0 @)
interrupt enable bit 1 : Interrupt enabled

4 | Timer 1 interrupt enable bit 0 : Interrupt disabled 0 o

1 : Interrupt enabled

5 | Timer 2 or serial I/O2 interrupt | O : Interrupt disabled 0 0]
enable bit 1 : Interrupt enabled

6 | CNTRo or AD converter 0 : Interrupt disabled 0 e}
interrupt enable bit 1 : Interrupt enabled

7 | Nothing is allocated for this bit. Do not write “1” to this bit. 0 O
When this bit is read out, the value is “0".

Notes 1: 36-pin version and 32-pin version: INT1 interrupt does not exist.
2: 32-pin version: INTo interrupt does not exist.
This is a write disabled bit. When this bit is read out, the value is “0".

Fig. 2.2.10 Structure of Interrupt control register 1
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2.2.3 Timer application examples
(1) Basic functions and uses

[Function 1] Control of Event interval (Timer X, Timer 1, Timer 2)
When a certain time, by setting a count value to each timer, has passed, the timer interrupt request
occurs.
<Use>
*Generation of an output signal timing
*Generation of a wait time

[Function 2] Control of Cyclic operation (Timer X, Timer 1, Timer 2)
The value of the timer latch is automatically written to the corresponding timer each time the timer
underflows, and each timer interrupt request occurs in cycles.
<Use>
*Generation of cyclic interrupts
*Clock function (measurement of 100 ms); see Application example 1
«Control of a main routine cycle

[Function 3] Output of Rectangular waveform (Timer X)
The output level of the CNTRo pin is inverted each time the timer underflows (in the pulse output
mode).

<Use>
*Piezoelectric buzzer output; see Application example 2
*Generation of the remote-control carrier waveforms

[Function 4] Count of External pulses (Timer X)
External pulses input to the CNTRo pin are counted as the timer count source (in the event counter
mode).

<Use>
*Frequency measurement; see Application example 3
*Division of external pulses
*Generation of interrupts due to a cycle using external pulses as the count source; count of a
reel pulse

[Function 5] Measurement of External pulse width (Timer X)
The “H” or “L” level width of external pulses input to CNTRo pin is measured (in the pulse width
measurement mode).

<Use>
*Measurement of external pulse frequency (measurement of pulse width of FG pulse® for a
motor); see Application example 4
Measurement of external pulse duty (when the frequency is fixed)

FG pulse®: Pulse used for detecting the motor speed to control the motor speed.
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(2) Timer application example 1: Clock function (measurement of 100 ms)
Outline: The input clock is divided by the timer so that the clock can count up at 100 ms intervals.
Specifications: ¢The clock f(Xin) = 6.00 MHz is divided by the timer.

*The clock is counted up in the process routine of the timer X interrupt which occurs
at 100 ms intervals.

Figure 2.2.11 shows the timers connection and setting of division ratios; Figure 2.2.12 shows the
relevant registers setting; Figure 2.2.13 shows the control procedure.

Dividing by 4 with software

Timer X count source Timer X interrupt N
selection bit Prescaler X Timer X request bit
f(XIN) = 6.00 MHz —> 1/16 1/147 1/256 Oorl 1/10
100 ms 1 second

0 : No interrupt request issued
1: Interrupt request issued

Fig. 2.2.11 Timers connection and setting of division ratios
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Timer count source set register (address 2E 16)
b7

b0
ress | [ 1] o]

‘—> Timer X count source : f(XIN)/16

Interrupt edge selection register (address 3A 16)
b7 b0

wreoce | [ Jo] [ ]| ] ]
|

>

Timer X or key-on wake up interrupt selection
: Timer X

Timer X mode register (address 2B 16)
b7

b0
L] ] Jofo]

u—> Timer X operating mode: Timer mode
Timer X count: Stop

Clear to “0” when starting count.

Prescaler X (address 2C 16)
b7 b0

PREX | 146 |

. L T 0 1"
Timer X (address 2D 16) Set ‘division ratio

b7 b0
TX | 255 |

Interrupt control register 1 (address 3E 16)
b7 b0

cons | | [ [ o[ []]
‘—> Timer X interrupt: Enabled

I&terrupt request regibster 1 (address 3C 16)
0

reer | | | | [o] [[]
‘—> Timer X interrupt request

(becomes “1” at 100 ms intervals)

Fig. 2.2.12 Relevant registers setting
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( RESET

Initialization
SEI

INTEDGE (address 3Az16), bits «<— 0
™ (address 2B16)

<— 000010002

IREQ1 (address 3Czs), bit3 «<— 0
ICON1 (address 3Ez1e), bit3 «— 1
TCSS (address 2Ez1s), bit0 «<— 0
PREX (address 2C1s6) <« 147 -1
X (address 2D1s6) <« 256-1
™ (address 2B1s), bit3 «— 0

CLI

Main processing

<Procedure for completion of clock set>

(Note 1)

™ (address 2B16), bit3 «<— 1
PREX  (address 2C1s) <« 147-1
X (address 2D16) <«— 256 -1
IREQ1 (address 3Czis), bit3 «— 0
™ (address 2B16), bit3 «— 0

N

2

( Timer X interrupt process routine

)

CLT (Note 2)
CLD (Note 3)
Push registers to stack

N

Clock count up (1/10 second to year)

l

Pop registers

J

( RTI

«All interrupts disabled

*Timer X interrupt selected

*Timer X operating mode : Timer mode
«Clear Timer X interrupt request bit
*Timer X interrupt enabled

*Timer X count source : f(XIN/16)
«Set “division ratio — 1" to Prescaler X and Timer X

*Timer X count start

eInterrupts enabled

*Reset Timer to restart count from 0 second after completion
of clock set

Note 1: Perform procedure for completion of clock set only
when completing clock set.

Note 2: When using Index X mode flag (T)
Note 3: When using Decimal mode flag (D)
*Push registers used in interrupt process routine

«Judge whether clock stops

«Clock count up

*Pop registers pushed to stack

Fig. 2.2.13 Control procedure
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(3) Timer application example 2: Piezoelectric buzzer output
Outline: The rectangular waveform output function of the timer is applied for a piezoelectric buzzer
output.
Specifications: *The rectangular waveform, dividing the clock f(Xin) = 6.00 MHz into about 2 kHz
(1995 Hz), is output from the P14/CNTRo pin.
*The level of the P14/CNTRo pin is fixed to “H” while a piezoelectric buzzer output
stops.

Figure 2.2.14 shows a peripheral circuit example, and Figure 2.2.15 shows the timers connection and
setting of division ratios. Figures 2.2.16 shows the relevant registers setting, and Figure 2.2.17
shows the control procedure.

The “H" level is output while a piezoelectric buzzer output stops.
(—%

CNTRo output

P14/CNTRo PiPiPi

e > =(]/\f

250 ps 250 ps

Set a division ratio so that the

underflow output period of the timer X />34 Group
can be 250 ps.
Fig. 2.2.14 Peripheral circuit example
Timer X count source
selection bit Prescaler X Timer X Fixed
f(XiN) = 6.00 MHz — 1/16 1 1/94 1/2 —> CNTRo

Fig. 2.2.15 Timers connection and setting of division ratios
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Timer count source set register (address 2E 16)
b7

b0
ress [ [ || []]]e]

L> Timer X count source : f(XIN)/16

Timer X mode register (address 2B 16)
b7 b0

w [ ][ [efolos]
u—> Timer X operating mode: Pulse output mode
CNTRo active edge switch: Output starting at “H” level

Timer X count: Stop
Clear to “0” when starting count.

Timer X (address 2D 16)
b7 b0

TX | 93 |

- Set “division ratio — 1"
Pbr7escaler X (addressb%c 16)

PREX | 0 |

Interrupt control register 1 (address 3E 16)
b7 b0

cons | | | [fo] [ ]]
\—> Timer X interrupt: Disabled

Fig. 2.2.16 Relevant registers setting
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C RESET
Initialization
: e [: This bit is not used here. Set it to “0” or “1” arbitrary.
P1 (address 0216), bit4 «—1
P1D  (address 0316) < XXXIXXXX2
TCSS (address 2E1s), bit0 «<—0 *Timer X count source : f(XIN)/16
ICON1 (address 3E1e), bit3 «— 0 *Timer X interrupt disabled
™ (address 2B16) <— 000010012 *Stop CNTRo output; Stop piezoelectric buzzer output
TX (address 2D16) <«—94-1 *Set “division ratio — 1" to Timer X and Prescaler X
PREX (address 2C1s) «1-1
Main processing
Output unit *Process piezoelectric buzzer request, generated during

Stop piezoelectric buzzer output

Piezoelectric buzzer request ?

No

yves Main processing, in output unit

TM (address 2B1s), bit3 «— 1
TX (address 2D 16) < 94-1

TM (address 2B1e6), bit3 <«— 0

Start piezoelectric buzzer output

Fig. 2.2.17

Control procedure
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(4) Timer application example 3: Frequency measurement
Outline: The following two values are compared to judge whether the frequency is within a valid
range.
*A value by counting pulses input to P14/CNTRo pin with the timer.
*A reference value
Specifications: ¢The pulse is input to the P14/CNTRo pin and counted by the timer X.
*A count value is read out at about 2 ms intervals, the timer 1 interrupt interval.
When the count value is 28 to 40, it is judged that the input pulse is valid.
*Because the timer is a down-counter, the count value is compared with 227 to 215
(Note).

Note: 227 — 215 = 255 (initial value of counter) — 28 to 40 (the number of valid count)

Figure 2.2.18 shows the judgment method of valid/invalid of input pulses; Figure 2.2.19 shows the
relevant registers setting; Figure 2.2.20 shows the control procedure.

Inputpulsew ..... W ..... M ..... WMM

i
|
|
— —) !
v v " i

71.4 ps or more 71.4 ps 50 s 50 us or less
(14 kHz or less) | (14 kHz) (20 kHz) (20 kHz or more)
Invalid———»4 Valid 2 Invalid
2ms 2ms
—=—=>—=28 counts —=——=40 counts
71.4 us 50 ps

Fig. 2.2.18 Judgment method of valid/invalid of input pulses
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Interrupt edge selection register (address 3A 16)
b7 b0

wreoee | [ fof [ ] ] ]
|

> Timer X or key-on wake up interrupt selection
: Timer X

Timer X mode register (address 2B 16)
b7 b0

w | | Jafe]efo]

u—» Timer X operating mode: Event counter mode

— > CNTRo active edge switch: Falling edge count

Timer X count: Stop
Clear to “0” when starting count

Prescaler 12 (address 28 16)
b7 b0

PRE12 | 93 |

Timer 1 (address 291s)
b7 b0

T1 | 7 | Set “division ratio — 1”

Prescaler X (address 2C 16)
b7 b0

PREX | 0 |

Timer X (address 2D 16)
b7 b0

X | 255

| Set 255 just before counting pulses

pulses is decreased from this value.)

Interrupt control register 1 (address 3E 16)
b7 b0

cons | | [ [afo] | ] ]
‘—> Timer X interrupt: Disabled
Timer 1 interrupt: Enabled

Interrupt request register 1 (address 3C 16)
b7 b0

ret [ [ [ [ Jof | ]|
‘—» Judgment of Timer X interrupt

request bit

(“1” of this bit when reading the
count value indicates the 256 or
more pulses input in the condition
of Timer X = 255)

(After a certain time has passed, the number of input

Fig. 2.2.19 Relevant registers setting
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C

RESET )

Initialization
SEI
INTEDGE (address 3A16), bits <— 0
™ (address 2B16) «<— 000011102
PRE12 (address 2816) <—94-1
T1 (address 2916) <—8-1
PREX (address 2C16) «<—1-1
TX (address 2D16) <256 — 1
ICON1 (address 3E16) <— OXX10XXX2
™ (address 2B1s), bit3 <— 0
CLl

.

( Timer 1 interrupt process routine )

CLT (Note 1)
CLD (Note 2)
Push registers to stack

IREQ1(address 3C1s), bit3 ?

(A) <« TX (address 2D16)

e [1: This bit is not used here. Set it to “0” or “1” arbitrary.
«All interrupts disabled

*Timer X interrupt selected
*Timer X operating mode : Event counter mode
(Count a falling edge of pulses input from CNTR o pin.)
«Set division ratio so that Timer 1 interrupt will occur at
2 ms intervals.

*Timer 1 interrupt enabled
*Timer X interrupt disabled
*Timer X count start

eInterrupts enabled

Note 1: When using Index X mode flag (T)
Note 2: When using Decimal mode flag (D)
«Push registers used in interrupt process routine

*Process as out of range when the count value is 256 or more

*Read the count value
«Store the count value into Accumulator (A)

In range

214 < (A) <228

>|

‘ Out of range

Fpulse <«— 0 |

<

«Compare the read value with
reference value

«Store the comparison result to
flag Fpulse

| Fpulse <— 1
T

TX
IREQ1

(address 2D16) <« 256-1
(address 3C1s), bit3 <— 0

Process judgment result |

Pop registers |

C

RTI )

eInitialize the counter value
«Clear Timer X interrupt request bit

*Pop registers pushed to stack

Fig. 2.2.20 Control procedure
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(5) Timer application example 4: Measurement of FG pulse width for motor
Outline: The timer X counts the “H” level width of the pulses input to the P14/CNTRo pin. An
underflow is detected by the timer X interrupt and an end of the input pulse “H” level is
detected by the CNTRo interrupt.
Specifications: *The timer X counts the “H” level width of the FG pulse input to the P14/CNTRo pin.

<Example>
When the clock frequency is 6.00 MHz, the count source is 2.7 pus, which is obtained by dividing
the clock frequency by 16. Measurement can be made up to 174 ms in the range of FFFFis to
00001s.

Figure 2.2.21 shows the timers connection and setting of division ratio; Figure 2.2.22 shows the
relevant registers setting; Figure 2.2.23 shows the control procedure.

Timer X count source Timer X interrupt
selection bit Prescaler X Timer X request bit
f(XIN) = 6.00 MHz —>{ 1/16 1/256 1/256 Oorl
174 ms

0 : No interrupt request issued
1: Interrupt request issued

Fig. 2.2.21 Timers connection and setting of division ratios
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Interrupt edge selection register (address 3A 16)
b7 b0

wreoee (of [of [ | [ ] ]

> Timer X or key-on wake up interrupt selection

: Timer X

CNTRo or AD converter interrupt source selection
:CNTRo

Timer X mode register (address 2B 16)
b7 b0

[ | ] Jrofe]

u—» Timer X operating mode: Pulse width measurement mode
CNTRo active edge switch: “H” level width measurement

Timer X count: Stop
Clear to “0” when starting count

Prescaler X (address 2C 16)

b7 bo

PREX | 255 |
. L TR : ”
Timer X (address 2D 1) Set “division ratio — 1

b7 bo

X | 255 |

Interrupt control register 1 (address 3E 16)
b7 b0

cons [ o] [ [o] | ]]

‘—> Timer X interrupt: Enabled

> CNTRo interrupt: Enabled

Interrupt request register 1 (address 3C 16)
b7 b0

meot | Jof [ Jo] [ ]

‘—» Timer X interrupt request

(Set to “1” automatically when Timer X underflows)

CNTRo interrupt request

Fig. 2.2.22 Relevant registers setting
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( RESET

Initialization
SEI
INTEDGE (address 3A1s), bits5 «<— 0
, bit7 <—0
™ (address 2B16) <— 000010112
PREX  (address 2C16) «—256-1
X (address 2D16) <« 256-1
IREQ1  (address 3C1s), bit3 <— g
, bit6 <—0
ICON1 (address 3E1s), bit3 <— 1
, bité <— 1
™ (address 2B16), bit3 <— 0
CLI
v
[ 2
N

( Timer X interrupt process routine

| Process errors

|

( RTI

( CNTRo interrupt process routine

)

CLT (Note 1)
CLD (Note 2)

Push registers to stack

pulse width measurement

pulse width measurement

(A) <«<— PREX
Low-order 8-bit result of <— Inverted (A)

(A) <« TX
High-order 8-bit result of «— Inverted (A)

PREX (address 2C16) <— 256 —1
TX (address 2D16) <«— 256 —1

| Pop registers

|

( RTI

«All interrupts disabled

*Timer X or key-on wake up interrupt selection : Timer X
*CNTRo or AD converter interrupt source selection : CNTR o
*Timer X operating mode : Pulse width measurement mode
(Measure “H” level of pulses input from CNTR o pin.)
Set division ratio so that Timer X interrupt will occur at

174 ms intervals.
«Clear Timer X interrupt request bit
«Clear CNTRo interrupt request bit
*Timer X interrupt enabled
*CNTRo interrupt enabled

*Timer X count start

eInterrupts enabled

*Error occurs

Note 1: When using Index X mode flag (T)
Note 2: When using Decimal mode flag (D)
«Push registers used in interrupt process routine

*Read the count value and store it to RAM

*Set division ratio so that Timer X interrupt will occur at
174 ms intervals.

*Pop registers pushed to stack

Fig. 2.2.23 Control procedure
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2.3 Serial 1/O

This paragraph explains the registers setting method and the notes relevant to the serial I/O.

2.3.1 Memory map

S
Pl

001816 | Transmit/Receive buffer register (TB/RB)
001916 | UART status register (UARTSTS)
001A16 | Serial /01 control register (SIO1CON)
001B1s6 | UART control register (UARTCON)
001C16| Baud rate generator (BRG)

003016 | Serial /02 control register (SIO2CON)
003116 | Serial /02 register (SI02)

003A16 | Interrupt edge selection register INTEDGE)

003C1s | Interrupt request register 1 (IREQ1)

003Ez1s | Interrupt control register 1 (ICON1)

Fig. 2.3.1 Memory map of registers relevant to serial 1/0

2.3.2 Relevant registers

Transmit/Receive buffer register
b7 b6 b5 b4 b3 b2 bl b0

Transmit/Receive buffer register (TB/RB) [Address : 18 1]

I I I I I I I I

| | | | | | | |

o 1 1 11 |B Function Atreset| R |W
.

A ~-{ 0 | The transmission data is written to or the receive data is read out ? |©]°
R —{ from this buffer register.

T R — 1 |« At writing: A data is written to the transmit buffer register. ? 0|0
A . | ||+ At reading: The contents of the receive buffer register are read

N 2 ot 2 [o]o
| | | | | ||

L AEE
| | | | _—

T R 4 2 |ofo
| | |

| | | —

i i L] 5 ?2 10|10
| | |

} L, 6 ? OO
‘ —

b 7 2 |ofo

Note: The contents of transmit buffer register cannot be read out.
The data cannot be written to the receive buffer register.

Fig. 2.3.2 Structure of Transmit/Receive buffer register
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UART status register
b7 b6 b5 b4 b3 b2 bl b0

UART status register (UARTSTS) [Address : 19 16]

I I I I I I I
i i i i i i i i B Name Function Atreset | R W
b 111 Lo | Transmit buffer empty flag 0 : Buffer full 1 0
oL (TBE) 1 : Buffer empty
L L1 Lo |1 |Receive buffer full flag (RBF) | O : Buffer empty 0 0
N 1 : Buffer full
TR ] 2 | Transmit shift register shift 0 : Transmit shift in progress 0 0
oo completion flag (TSC) 1 : Transmit shift completed
T T T SO 3 [overrun error flag (OE) 0 : No error 0 0
bl 1: Overrun error
T T S S 4 | Parity error flag (PE) 0: No error 0 0
} } } 1 : Parity error
R 5 | Framing error flag (FE) 0 : No error 0 0
I 1: Framing error
| | B —
Do 6 | Summing error flag (SE) 0: (OE) U (PE) U (FE) =0 0 O
| 1: (OE) O(PE) O (FE)=1
b 7 | Nothing is allocated for this bit. This is a write disabled bit. 1 0
When this bit is read out, the value is “1".
Fig. 2.3.3 Structure of UART status register
Serial /01 control register
b7 b6 b5 b4 b3 b2 bl b0

Serial 1/01 control register (SIOLCON) [Address : 1A 16]
I I I I I I
i i i i i i i i B Name Function Atreset [ R [w
1 1 | 1 1 | Lo [BRG countsource 0 : f(XiN) 0 o}
borh selection bit (CSS) 1: f(Xin)/4
N — Nothing is allocated for this bit. This is a write disabled bit. 1 O
N When this bit is read out, the value is “1”.

| " . "
I T R N 2 | Continuous transmit valid bit |0 : Continuous transmit invalid 0 e}
I 1 : Continuous transmit valid
} } } } } 3 | Transmit interrupt 0 : Interrupt when transmit buffer 0 @]
A T T source selection bit (TIC) has emptied
boorr 1 : Interrupt when transmit shift
T operation is completed
| | | | - s
R 4 | Transmit enable bit (TE) 0 : Transmit disabled 0 o}
. 1: Transmit enabled
e 5 | Receive enable bit (RE) 0 : Receive disabled 0 0
- 1: Receive enabled
| } 7777777777777777 6 | Serial /01 enable bit b7 b6 0 o
} (SIOE) 0 0: /O port
| — 0 1: Not available
b - 7 1 0: UART mode 0 o)
1 1:USB mode

Fig. 2.3.4 Structure of Serial I/0O1 control register
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UART control reqister
b7 b6 b5 b4 b3 b2 bl b0
UART control register (UARTCON) [Address : 1B 16]
I I I I I
e Foreion e
bbb g [Character length 0 : 8 bits 0 |©fO
} } } } } } } selection bit (CHAS) 1: 7 bits
A . Parity enable bit 0 : Parity checking disabled o |o|o
A (PARE) 1 : Parity checking enabled
S 5 | Parity selection bit 0 : Even parity o lolo
TR (PARS) 1 : Odd parity
S 3 | Stop bit length selection 0: 1 stop bit o lolo
o bit (STPS) 1 : 2 stop bits
B 4 | P11/TxD P-channel Ion og't/ﬁ)gtsmocze . o |ofo
[ N N ; ; : outpu
Lol output disable bit 1 : N-channel open-drain
[ (POFF) output
| | |
o] 5 | Nothing is allocated for these bits. These are write disabled bits. 1 [OfO
L || When these bits are read out, the values are “1".
R S 6 1 |o|o
|
L 7 1 |ol|o
Fig. 2.3.5 Structure of UART control register
Baud rate generator
b7 b6 b5 b4 b3 b2 bl b0
Baud rate generator (BRG) [Address : 1C 1]
I I I I I I I I
| | | | | | | |
oo B Function Atreset| R |W
i i i i i i i L 10 | set a count value of baud rate generator. ? [9]0
L
| | | | | |
S R AEE
[ N |
b " [o]°
| | | | _—
i i i L 4 ? |0|O
| | | —
i i [ 5 ? |00
T 6 | > |ofo
‘ —
b 7 2 |ofo

Fig. 2.3.6 Structure of Bau

d rate generator
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Serial 1/02 control reqgister

b7 b6 b5 b4 b3 b2 bl b0

Serial 1/02 control register (SIO2CON) [Address : 30 16]

I I I I I I I
EEE R O — Funcion e
" 1 | | | | L]0 /| Internal synchronous b2 b1 b0 o |olo
A N N || clock selection bits 000: fEX'Nglg
R P 001:fXIN/16 o lolo
N 0 1 0:f(Xin)/32
A | 0 1 1:f(XiN)/64
[ R R R N U 1 1 0:f(Xin)/128
A 2 11 1:fEX|Ng/256 0 |°1°
T B 3 | Spata pin selection bit 0 : I/O port / Spata input o |olo
Lo (Note) 1 : Spata output
R 4 | Nothing is allocated for this bit. This is a write disabled bit. o |olo
} } } When this bit is read out, the value is “0".
T 5 | Transfer direction selection bit | O : LSB first 0 |[ofo
Lo 1: MSB first
} L] 6 | Scik pin selection bit 0 : External clock (Scik is input) 0 0|0
| 1 : Internal clock (Scik is output)
L 7 | Transmit / receive shift 0 : shift in progress 0 |o|Oo
completion flag 1 : shift completed
Note: When using it as a Soarta input, set the port P13 direction register bit to “0”.
Fig. 2.3.7 Structure of Serial 1/02 control register
Serial 1/02 register
b7 b6 b5 b4 b3 b2 bl b0
Serial 1/02 register (SI02) [Address : 31 16]
I I I I I I I I
|

i i i i i | i i B Function At reset W
L b1 L]0 | Ashift register for serial transmission and reception. ? [©]0
A N N || « At transmitting : Set a transmission data.
T I L___|1|-Atreceiving : A reception data is stored. ?2 |O|O
| | | | | |
BRI AEE
| | | | | ||
I E AEE
| | | | —
R : 7 °l°
| | | —
i i N 5 ? )
T 6 | 2 |ofo
‘ —
b 7 2 |olo

Fig. 2.3.8 Structure of Ser

ial 1/02 register
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Interrupt edge selection register
b7 b6 b5 b4 b3 b2 bl b0
Interrupt edge selection register (INTEDGE) [Address : 3A 16]
I I I I I I
EEE RN — Funcion e
1111 Lo |INTointerrupt edge 0 : Falling edge active o |olo
borh selection bit (Note 1) 1 : Rising edge active
A INTz interrupt edge 0 : Falling edge active o |olo
A selection bit (Note 2) 1 : Rising edge active
| | | | | |
oo R —— 2 | Nothing is allocated for these bits. These are write disabled bits. 0 (O|O
N R T B || When these bits are read out, the values are “0".
I £ o [°]°
| | | |
N N 4 | Serial /01 or INT 1 interrupt 0 : Serial /01 o |olo
. selection bit 1:INT:2
o] 5 | Timer X or key-on wake up 0 : Timer X o |olo
Lo interrupt selection bit 1 : Key-on wake up
} L 777777777777777 6 | Timer 2 or serial I/O02 interrupt (O : Timer 2 o |olo
| selection bit 1: Serial /02
L 7 [ CNTRo or AD converter 0:CNTRo o [o]o
interrupt selection bit 1: AD converter

Notes 1: 32-pin version: Not used.

This is a write disabled bit. When this bit is read out, the value is “0".

2: 36-pin and 32-pin version: Not used.

This is a write disabled bit. When this bit is read out, the value is “0".

Fig. 2.3.9 Structure of Interrupt edge selection register

Interrupt request register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 1 (IREQ1) [Address : 3C 16]

B Name Function Atreset | R

0 | UART receive/USBIN token |0 : No interrupt request issued o |olo
interrupt request bit 1: Interrupt request issued

1 | UART transmit/USBSETUP/ |0 : No interrupt request issued 0 |O|o
OUT token/Reset/Suspend/ 1: Interrupt request issued
Resume/INT 1 interrupt
request bit (Note 1)

2 | INTo interrupt request bit 0 : No interrupt request issued o |olo
(Note 2) 1 : Interrupt request issued

3 | Timer X or key-on wake up 0 : No interrupt request issued o |olg
interrupt request bit 1 : Interrupt request issued

4 | Timer 1 interrupt request bit 0 : No interrupt request issued o |olo

1 : Interrupt request issued

5 | Timer 2 or serial /02 interrupt |0 : No interrupt request issued 0o |Olo
request bit 1 : Interrupt request issued

6 | CNTRo or AD converter 0 : No interrupt request issued 0o |o]p
interrupt request bit 1 : Interrupt request issued

7 | Nothing is allocated for this bit. This is a write disabled bit. 0 |0O|O
When this bit is read out, the value is “0".

0: These bits can be cleared to “0” by program, but cannot be set.
Notes 1: 36-pin version and 32-pin version: INT1 interrupt does not exist.

2: 32-pin version: INTo interrupt does not exist.

This is a write disabled bit. When this bit is read out, the value is “0".

Fig. 2.3.10 Structure of Interrupt request register 1
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Interrupt control register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register 1 (ICON1) [Address : 3E 16]

Name Function At reset W
UART receive/USBIN token 0 : Interrupt disabled 0 @)
interrupt enable bit 1 : Interrupt enabled
UART transmit/USBSETUP/ 0 : Interrupt disabled 0 O
OUT token/Reset/Suspend/ 1 : Interrupt enabled
Resume/INT1 interrupt enable
bit (Note 1)
INTo interrupt enable bit 0 : Interrupt disabled 0 O
(Note 2) 1 : Interrupt enabled
Timer X or key-on wake up 0 : Interrupt disabled 0 (@)
interrupt enable bit 1 : Interrupt enabled
Timer 1 interrupt enable bit 0 : Interrupt disabled 0 o

1 : Interrupt enabled

Timer 2 or serial /02 interrupt | 0 : Interrupt disabled 0 0]
enable bit 1 : Interrupt enabled
CNTRo or AD converter 0 : Interrupt disabled 0 (0)
interrupt enable bit 1 : Interrupt enabled
Nothing is allocated for this bit. Do not write “1” to this bit. 0 O

When this bit is read out, the value is “0".

Notes 1: 36-pin version and 32-pin version: INT1 interrupt does not exist.
2: 32-pin version: INTo interrupt does not exist.
This is a write disabled bit. When this bit is read out, the value is “0”.

Fig. 2.3.11 Structure of Interrupt control register 1
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2.3.3 Serial 1/O connection examples

(1) Control of peripheral IC equipped with CS pin
Figure 2.3.12 shows connection examples with a peripheral IC equipped with the CS pin.
Each case uses the clock synchronous serial /O mode.

(1) Only transmission (2) Transmission and Reception
Port CS Port Cs
ScLk CLK ScLk CLK
SDATA DATA SDATA IN
ouT
7534 Group Peripheral IC 7534 Group
(OSD controller, etc.)

Peripheral IC |
(E2PROM, etc.)

(3) Connection of plural IC

Port CS
ScCLK CLK
SDATA IN
O : Use the peripheral IC of which OUT pin has an
Port < ouT N-channel open-drain output structure and which
enters a high-impedance state while receiving
7534 Group Peripheral IC1 ] data.
cs Note: “Port” means an output port controlled by
software.
Ly CLK
IN
ouT

Peripheral IC2 ]

Fig. 2.3.12 Serial 1/0 connection examples (1)
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(2) Connection with microcomputer

Figure 2.3.13 shows connection examples with another microcomputer.

(3) In UART using serial I/01

TxD RxD
RxD TxD
7534 Group Microcomputer

(1) Selecting internal clock (2) Selecting external clock
ScLk CLK
ScLk CLK
S IN
DATA SDATA IN
ouT
ouT
7534 Group Microcomputer 7534 Group Microcomputer

Fig. 2.3.13 Serial 1/0 connection examples (2)
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2.3.4 Serial 1/O transfer data format
The clock synchronous or the clock asynchronous (UART) can be selected as the serial 1/0.
Figure 2.3.14 shows the serial I/O transfer data format.

1ST-8DATA-1SP

— st Kuse X X X X X X Xuseysp

1ST-7DATA-1SP

— st Kse X X X X X XwseY’sp

1ST-8DATA-1PAR-1SP

— st Kse X X X X X X XuseXpar)’sp

1ST-7DATA-1PAR-1SP

— st Kuse X X X X X XuseXpar)” sp

1ST-8DATA-2SP

— st Kse X X X X X X Xwmsey2sp

1ST-7DATA-2SP

— st Kse X X X X X Xusgy2sp

1ST-8DATA-1PAR-2SP

— st Kuse X X X X X X XwmseXpar)2sp

1ST-7DATA-1PAR-2SP

- st Ase X X X X X XuseXpar)2sp

Serial /01 — UART —

LSB first ST : Start bit
Serial 1/102 Clock {

synchronous
Serial I/0

SP : Stop bit
MSB first PAR : Parity bit

Fig. 2.3.14 Serial 1/0 transfer data format
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2.3.5 Serial 1/0 application examples
(1) Communication using clock synchronous serial 1/O (transmit/receive)
Outline : 2-byte data is transmitted and received, using the clock synchronous serial I/0. Port PQo
is used for communication control and outputs the quasi-Srov signal.

The following explain an example using the serial 1/02. Figure 2.3.15 shows a connection diagram,
and Figure 2.3.16 shows a timing chart.

Transmission side Reception side
P37/INTo P00
ScLk M Scik
SDATA > SpATA
7534 Group 7534 Group

Fig. 2.3.15 Connection diagram

Specifications : «The Serial 1/02, clock synchronous serial 1/0, is used.
*Synchronous clock frequency : 94 kHz; f(Xw) = 6 MHz divided by 64
*Transfer direction : LSB first
*The reception side outputs the quasi-Srov signal at 2 ms intervals which the timer
generates, and 2-byte data is transferred from the transmission side to the reception
side.

srov | ] 33—|_|

ScLk ‘ 88

s T EEEEEEEE OOEE@EE ¢

2ms

I
w |
' »
< >,

Fig. 2.3.16 Timing chart
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Figures 2.3.17 and 2.3.19 show the registers setting relevant to the serial 1/02 and Figure 2.3.18
shows the transmission data setting of the serial 1/02.

Serial 1/02 control register (address 30 16)
b7 b0

SI02CON| |1|0| |1|O|1|1|

u—‘—’ Internal synchronous clock : f(XIN)/64

SDATA pin : SDATA output
> LSB first

>

Internal clock

Interrupt edge selection register (address 3A 16)
b0

b7
INTEDGE | |1| | | | | |O|

‘—> INTo interrupt edge : Falling edge active

>

Timer 2 or serial I/02 interrupt selection : Serial 1/02

Interrupt control register 1 (address 3E 16)
b7 b0

cona | | Jof [ o] | |
‘ ‘—> INTo interrupt : Disabled

Serial 1/02 interrupt : Disabled

Interrupt request register 1 (address 3C 16)
b7 b0

weer | [ fof | o] [ |
‘—’ INTo interrupt request

> Serial /02 interrupt request

Confirm transmission completion of one-byte unit
using this bit.

“1" : Shift of transmission completed

Fig. 2.3.17 Registers setting relevant to transmission side
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Serial /02 register (address 3116)
b7 b0

SI02 Set transmission data

After confirming completion of the preceding
transmission, bit 5 of the interrupt request register 1 = “17;
write data.

Fig. 2.3.18 Transmission data setting of serial 1/02

Serial 1/02 control register (address 30 16)

b7 b0
siozcon | ojo| Jojo]u]s]
u—‘—> Internal synchronous clock : f(XIN)/64
SDATA pin : Input port/SpATA input

LSB first

External clock

Transmit/receive shift completion flag

Fig. 2.3.19 Registers setting relevant to reception side
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Figure 2.3.20 shows a control procedure of transmission side, and Figure 2.3.21 shows a control
procedure of reception side.

( RESET )

e [1: This bit is not used here. Set it to “0” or “1” arbitrary.

Note: When the internal clock is selected and the direction

Initialization register of P13/SDATA pin is set to the input mode,
: (Note) the SpATA pin is in a high impedance state
P1D (address 0316) «— XXXX11XX2 after the data transfer is completed.

SIO2CON (address 3016) «<— 010010112
INTEDGE (address 3A16) <— X1XXXXX02
ICON1 (address 3E16) <— 0X0XX0XX2

Serial 1/02 setting
*INTo falling, Serial /02 selected
*INTo interrupt, serial /02 interrupt disabled

*Detection of INTo falling edge

| IREQ1 (address 3C1s), bit2 <— 0 |

| IREQ1 (address 3C1s), bit5 <— 0 |

SI02 (address 3116) <— The first byte of *Transmission data write
transmission data (One-byte transmission starts.)

«Judgment of completion of one-byte

IREQL1 (address 3C1s), bit5 ? -
transmission

IREQ1 (address 3C1s), bit5 <— 0

SIO2 (address 3116) <—

The second byte of «Transmission data write
transmission data (One-byte transmission starts.)

B

«Judgment of completion of one-byte

IREQL1 (address 3C1s), bit5 ? -
transmission

Fig. 2.3.20 Control procedure of transmission side
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C RESET )

Initialization

POD (address 0116), bit0 <— 1

PO (address 0016), bit0 <— 1
SIO2CON (address 3016) <— 000000112
P1D (address 0316) <«— XXXX00XX2

Y

| PO (address 0016), bit0 <— 0

| PO (address 0016), bit0 «— 1

| SI02 (address 3116) «<— Dummy data

SIO2CON (address 3016), bit7 ?

| Wait for half cycle of clock

| Read out received data from SI102

| SIO2 (address 3116) «<— Dummy data

SIO2CON (address 3016), bit7 ?

| Wait for half cycle of shift clock

| Read out received data from SI102

e [1: This bit is not used here. Set it to “0” or “1” arbitrary.

*Quasi-Sroy signal “H”
*Serial 1/02 setting

*Generation of a 2 ms interval using Timer

*Quasi-SRoy signal output

*Transmit/receive shift completion flag cleared

«Judgment of completion of one-byte reception

*Transmit/receive shift completion flag cleared

«Judgment of completion of one-byte reception

Fig. 2.3.21 Control procedure of reception side
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(2) Communication using asynchronous serial I/0, UART (transmit/receive)
Outline : 2-byte data is transmitted and received, using the clock asynchronous serial 1/0. Port PQo
is used for communication control.

Figure 2.3.22 shows a connection diagram, and Figure 2.3.23 shows a timing chart.

Transmission side Reception side
POo > POo
TxD » RxD
7534 Group 7534 Group

Fig. 2.3.22 Connection diagram

Specifications : *The Serial 1/01, asynchronous serial 1/0, is used.
*Transfer bit rate : 9600 bps; f(Xiw) = 4.9152 MHz divided by 512
Communication control using port PQo; Port PQo output level is controlled by software.
*2-byte data is transferred from the transmission side to the reception side at 10 ms
intervals which the timer generates

POO_' I_88 Ji .....

T (@0 0 D6 LD D0 D DD 0 ) RN

10 ms

7(““
v

Fig. 2.3.23 Timing chart
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Table 2.3.1 shows a setting example of the baud rate generator (BRG) and transfer bit rate values;
Figure 2.3.24 shows the registers setting relevant to transmission side; Figure 2.3.25 shows the
registers setting relevant to reception side

Table 2.3.1 Setting example of baud rate generator (BRG) and transfer bit rate values

BRG count source BRG set value Transfer bit rate (bps) (Note 2)

(Note 1) At f(Xin) = 4.9152 MHz At f(Xin) = 6 MHz
f(Xin) / 4 255 (FFue) 300 366.2109375
f(Xin) / 4 127 (7Fus) 600 732.421875
f(Xin) / 4 63 (3Fus) 1200 1464.84375
f(Xi) / 4 31 (1F1s) 2400 2929.6875
f(Xi) / 4 15 (OFue) 4800 5859.375
f(Xi) / 4 7 (0716) 9600 11718.75
f(Xi) / 4 3 (0316) 19200 23437.5
f(Xi) / 4 1 (011s) 38400 46875

f(Xin) 3 (0316) 76800 93750

f(Xin) 1 (0l16) 153600 187500

f(Xin) 0 (001s) 307200 375000

Notes 1: Select the BRG count source with bit 0 of the serial I/O1 control register (address 1Aus).
2: Equation of transfer bit rate:

f(Xin)

Transfer bit rate (bps) = (BRG setvalue + 1) 0 16 0 "

mY m = 1 in the case of bit 0 of the serial 1/O1 control
register (address 001Ais) = “0”
m = 4 in the case of bit 0 of the serial 1/O1 control
register (address 001Ai6) = “1”
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Transmission side

UART status register (address 19 16)
b7 b0

onersts [ | | [ [ []]]

L> Transmit buffer empty flag
*Confirm that the data has been transferred from
the transmit buffer register to the transmit shift register.
*When this flag is “1”, it is possible to write the next
transmission data into the transmit buffer register.

Transmit shift register shift completion flag
Confirm transmission completion of one-byte
unit using this flag.

“1" : Shift of transmission completed

Serial /01 control register (addreess 1A 16)
b7 b0

soicon [1foof1] Jo] [s]

L’ BRG count source : f(XIN)/4
Continuous transmit invalid

Transmit enabled

> Receive disabled
> UART mode

UART control register (address 1B 16)
b7

b0
UARTCON| | | |0|1| |0|0|

Character length : 8 bits
Parity checking disabled

Stop bit length : 2 stop bits
TxD : CMOS output

Baud rate generator (address 1C 16)

b7 b0
f(XIN)
BRG 7 Set -1
Transfer bit rate 0 16 0 m&

0 m = 1in the case of bit 0 of SIO1CON (address 001A 16) = “0"
m = 4 in the case of bit 0 of SIO1CON (address 001A 16) = “1"

Fig. 2.3.24 Registers setting relevant to transmission side
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Reception side

UART status register (address 19 16)
b7 b0

vnarsts | | [ [ ]| ]]]

‘—> Receive buffer full flag

Confirm reception completion of one-byte unit
using this flag.

“1": At completing reception

“0” : At readting out Receive buffer register

Overrun error flag

“1" : When data is ready into Receive shift
register while Receive buffer register
contains the data

-———> Parity error flag
“1" : When a parity error occurs in the parity
checking enabled

> Framing error flag
“1" : When stop bits cannot be detected at the
specified timing

Summing error flag
“1" : When any one of overrun, parity, and framing
errors occurs

Serial /01 control register (addreess 1A 16)
b7 bo

SIO1CON |1|0|1|0| |0| |l|

‘—’ BRG count source : f(XIN)/4
Continuous transmit invalid

Transmit disabled

> Receive enabled
> UART mode

UART control register (address 1B 16)
b7

b0
UARTCON| | | | |l| |O|O|

‘—> Character length : 8 bits
Parity checking disabled

Stop bit length : 2 stop bits

Baud rate generator (address 1C 16)
b7 b0

BRG 7

f(XiN)
Transfer bit rate 0 16 0 mY

0 m = 1in the case of bit 0 of SIOLCON (address 001A 16) = “0”
m = 4 in the case of bit 0 of SIO1CON (address 001A 16) = “1”

Fig. 2.3.25 Registers setting relevant to reception side
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Figure 2.3.26 shows a control procedure of transmission side, and Figure 2.3.27 shows a control
procedure of reception side.

C RESET )

o e [1: This bit is not used here. Set it to “0” or “1” arbitrary.
Initialization
SIO1CON (address 1A16) «— 100100012 «Serial I/01 setting
UARTCON (address 1B16) <« 000010002
BRG (address 1C16) «<—8-1
PO (address 0016), bit0 < 0 +Setting of port POo for communication control
POD (address 0116) <« XXXXXXX12
10 ms pass ? N *Generating of a 10 ms interval using Timer
Y
PO (address 0016), bit0 <— 1 *Communication start
: *Transmission data write
The first byte of
TB/RB (address 1816) <— transmissii/)n data This write causes Transmit buffer empty
L flag to be cleared to “0".
0 *Confirmation of transfer from Transmit
buffer register to Transmit shift register

UARTSTS (address 191s), bit0 ?
(Transmit buffer empty flag)

*Transmission data write
TB/RB (address 1816) <1 he second byte of This write causes Transmit buffer empty
transmission data flag to be cleared to 0",
e

*Confirmation of transfer from Transmit
buffer register to Transmit shift register
(Transmit buffer empty flag)

UARTSTS (address 191s6), bit0 ?

0 *Confirmation of Transmit shift register’s shift
completion
(Transmit shift register shift completion flag)

UARTSTS (address 191s), bit2 ?

PO (address 0016), bit0 «<— 0 eCommunication completion

Fig. 2.3.26 Control procedure of transmission side
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( RESET )

Initialization

SIO1CON (address 1A16) <— 101000012
UARTCON (address 1B16) <— 000010002
BRG (address 1C16) <— 8 -1

POD (address 0116) <= XXXXXXX02

UARTSTS (address 191s), bitl ?

Read out received data from
RB (address 1816)

e [1: This bit is not used here. Set it to “0” or “1” arbitrary.

«Serial I/01 setting

«Setting of port POo for communication control

«Confirmation of reception completion
(Receive buffer full flag)

«Data receception of the first byte
This read causes Receive buffer full flag
to be cleared to “0”".

«Error flag check

UARTSTS (address 191s), bité ?

UARTSTS (address 191s), bitl ?

Read out received data from
RB (address 1816)

«Confirmation of reception
completion
(Receive buffer full flag)

«Data receception of the second
byte
This read causes Receive
buffer full flag to be cleared to
“0".

Error flag check

UARTSTS (address 191s), bit6 ?

Error process

PO (address 001s), bit0 ?

| SIO1CON (address 1A16) <— 11XXXXXX2 |

\
| SIO1CON (address 1A16) <— 00XXXXXX2 |

\
| SIO1CON (address 1A16) <— 101000012 |

«Serial 1/01 cleared

*Serial /01 disabled Countermeasure for a bit slip
(Serial I/O1 clear procedure)

«Serial I/01 enabled

Fig. 2.3.27 Control procedure of reception side
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2.3.6 Notes on serial I/O

(1) Handling of clear the serial 1/01
When serial I/01 is set again or the transmit/receive operation is stopped/restarted while serial 1/01
is operating, clear the serial /01 as shown in Figure 2.3.28.

|SI01CON (address 1A1e6) bit 7, bit 6 ~ 102 Serial 1/01 enabled

Handling of clear the serial /01 ;

I

|SIOlCON (address 1A16) bit 7, bit 6 ~ 112 Serial 1/01 cleared
[

[SI01CON (address 1A16) bit 7, bit 6 — 002 |
[

UARTCON (address 1B16)

BRG (address 1C16)

Serial 1/01 disabled

:I - Set again (Note) Serial I/O1 register set again

I
SIO1CON (address 1A16) ~ 10T 2
Set again (Note)

Serial 1/01 enabled

Note: When the contents of register is not changed, setting again is not necessary.

Fig. 2.3.28 Sequence of clearing serial I/O

(2) Data transmission control with referring to transmit shift register completion flag
The transmit shift register completion flag changes from “1” to “0” with a delay of 0.5 to 1.5 shift
clocks. When data transmission is controlled with referring to the flag after writing the data to the
transmit buffer register, note the delay.

(3) Writing transmit data
When an external clock is used as the synchronous clock for the clock synchronous serial 1/0, write
the transmit data to the transmit buffer register (serial I/O shift register) at “H” of the transfer clock
input level.

(4) Serial 1/02 transmit/receive shift completion flag

*The transmit/receive shift completion flag (bit 7) of the serial 1/02 control register is set to “1" after
completing transmit/receive shift. In order to set this flag to “0”, write data (dummy data at reception)
to the serial 1/0O2 register by program.

*Bit 7 of the serial 1/02 control register is set to “1” a half cycle (of the shift clock) earlier than
completion of shift operation. Accordingly, when using this bit to confirm shift completion, a half
cycle or more of the shift clock must pass after confirming that this bit is set to “1”, before performing
read/write to the serial 1/02 register.
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2.4 USB

This paragraph explains operational outline, the registers relevant to the USB, the registers setting method,
the application example for communication and notes on use.

2.4.1 Outline of USB

7534 Group has low-speed communication function (L.S.:Low Speed function) in accordance with USB
Specification V.1.1 among USB (Universal Serial Bus) communication functions which are connection
standard with PC peripherals.

In this section, the outline of USB communication function and the USB function of 7534 Group are
described.

(1) Transfer type

In present PC, 2 or more standards used for the connection with peripherals exist (RS-232C and
Centronics, etc.).
USB tries to unite all those communication standards.
The standard of USB has the host side (PC,Hub) which controls connected peripherals and the
connected peripherals side (device).
The following 2 types of communication standards exist depending on the data amount treated on
the peripherals side.
e High-speed communication (F.S.: Full Speed function):
Communication standard with fast transfer rate (12 Mbps)
This standard is used for peripherals that a large amount of data transfer is required for one time
(image and voice, etc.).
e Low-speed communication (L.S.: Low Speed function):
Communication standard with slow transfer rate (1.5 Mbps)
This standard is used for peripherals with a small amount of data (keyboard and mouse, etc.).

This communication standard depends on the kind of peripherals.
The transfer type for each peripheral is decided.
Table 2.4.1 shows the transfer types of USB.

Table 2.4.1 Transfer types of USB

Transfer type L.S./F.S Operation
Control L.S./F.S |This is used when setting up and for all devices common.
Interrupt L.S./F.S |This is used when transferring a small amount of data in real time.
Bulk F.S This is used when transferring a large amount of data in no real time.
Isochronous F.S This is used when transferring a large amount of data in real time.

L.S.: Low-Speed function, F.S.: Full-Speed function

The 7534 Group has one low-speed communication function, and the control transfer and interrupt
transfer can be used in Table 2.4.1
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(2) Communication sequence

The control transfer and the interrupt transfer have a different communication sequence, respectively.
The control transfer is used when setting up all devices common and communicates combining 3

types of stages in one processing.

The communication starts first in Setup Stage, and Data Stage of the content is executed, and then,
one processing of the communication sequence is completed by executing Status Stage.
Data can be set from host to device through this sequence (=Control Write), and the result can be

read out to host from device (=Control Read).
Use endpoint (ENDP) “0” in the control transfer.

The interrupt transfer is used when transferring a small amount of data in real time.

There is no stage unlike the control transfer.

Only when the host requests data (Token=IN), the device can transmit data.
Use the endpoint in the interrupt transfer excluding “0” (“1” is set for the 7534 Group).
Figure 2.4.1 shows the communication sequence of USB.

Control Transfer: ENDP (endpoint) =0

e Control Read
Stage

Setup |Token = SETUP Data

Data Token = IN Data

Status | Token = OUT Data

oYy

e Control Write
Stage

Setup [Token = SETUP Data

Data Token = OUT Data

Status Token = IN Data

R

e No-data Control
Stage

Setup |Token=SETUP| —Jp Data
Status Token = IN —> Data

Interrupt Transfer: ENDP = 1
Token = IN —> Data

oYy

>

Handshake

Handshake

Handshake

Handshake

Handshake

Handshake

Handshake

Handshake

Handshake

Note: The shaded parts show the case when the device transmits data to the host.

1 transaction

1 or more transaction

1 transaction

1 transaction

1 or more transaction

1 transaction

1 transaction

1 transaction

Fig. 2.4.1 Communication sequence of USB
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(3)

Packet type

The host side controls all the communications in USB.

Basically, the host gives the device the instruction of the communication processing which the host
side executes (= Token), executes data transmit/receive (= Data), and indicates the completion of the
communication is shown at the end (= Handshake).

These communication processings are executed in order by each one unit which has the data
structure (= Packet format), and one processing (= Transaction) is completed.

The content of processing can be identified according to PID (Packet IDentifier field) which is one
unit of data (Field) which composes each packet.

Not only the content of processing, but also the data structure in the packet can be identified by this PID.
Table 2.4.2 shows the packet type of USB.

Table 2.4.2 Packet types of USB

Packet type Transmitter Operation
SOF (Start of Frame) [Host Packet indicating the top of frame (1 ms) including all transfer types
Token Host Packet indicating the processing to execute
Data Host/Device |Packet indicating the transmit/receive data for processing shown by token
Handshake Host/Device |Packet indicating the result of communication processing
In 7534 Group, the token, data, and the handshake of packet types in Table 2.4.2 can be controlled
by software.
(4) Packet structure

As for the packet type of USB, the data and the structure are different by PID.

Each packet includes the following data shown with PID for which the control is required by 7534
Group;

 token: the receiver to communicate (ADDR) and transfer type (ENDP)

« data: execution (DATA) of the processing ordered by the token

* handshake: the completion of the communication

Figure 2.4.2 shows the data structure of the packet.

Packet type 8bits 8bits 11bits Shits 2bits
(Start Of Frasmoe'; [ sync ] PID |  Frame Number | CRC5 | EOP |

8bits 8bits 7hits 4bits Shits 2bits

Token [ swc ] PID | ApDR [ENDP| CRC5 | EOP |
8bits 8bits 8bits O 0 to 8bytes 16bits 2bits

Data [ swe [ e [ bAtA [ CRCl6 [EOP]
8bits 8bits 2bits

Handshake ["sync | PD | EoP |

Notes 1: The shaded parts show the data which requires processing by software in 7534 Group.
2: The DATA number of data PID shows the number in L.S.
3: Determination of “Start Of Frame” is not executed because the processing is not required.

Fig. 2.4.2 Data structure of USB packet

In 7534 Group, the PID, ADDR, ENDP and DATA of packet structure data in Figure 2.4.2 can be
controlled by software.
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(5)

Data structure

Data which composes the communication of USB transmits and receives data that the structure
number of bits is different as shown in Figure 2.4.2 continuously by the LSB first.

Basically, the contents except SYNC which is synchronizing signal and EOP which is the completion
signal are treated as data.

Accordingly, the difference of the number of bits can be detected by forecasting and determining the
following data from the content of PID.

Table 2.4.3 shows the content of data which composes the packet.

Table 2.4.3 Data structure of USB packet

Data name Symbol Structure Operation

Synchronize Sync 8 bits Synchronized signal to communicate

Packet IDentifier |PID 8 bits Data indicating processing of packet

Frame Number |- 11 bits Data to control the frame during communication by time

Address ADDR 7 bits Data to confirm the transmit destination of packet
and notify from transmitter

Endpoint ENDP 4 bits Data indicating transfer type used by device

Data DATA 8 bits 0 0 to 8 bytes |Data to be used when the processing specified by
PID is executed

Token CRCs CRC5 5 bits Data to check error when PID is token and SOF

Data CRCs CRC16 16 bits Data to check error when PID is DATA

End Of Packet |EOP 2 bits Data indicating the completion of packet

Note: The DATA numbers in L.S. are shown in this table.

PID is classified into 3 kinds in the structure data of Table 2.4.3.

Token is used to give the device the instruction of communication processing, and report on the
processing of the following stages. It is only a host to be able to issue the token.

Data is used to transmit and receive data which is the content of the instruction of the token, and
execute the processing in the stage. It is a host to be able to issue the data when the token is SETUP
and OUT, and it is a device when the token is IN.

Handshake indicates the completion of the communication at the end.

It is a host to be able to issue the handshake when the token is IN, and it is a host when the token
is SETUP and OUT.

Table 2.4.4 shows PID.

Table 2.4.4 PID

Packet | PID name | Bit structure Processing
type (bits 3 to 0)

Token SETUP 1101- The processing is reported by host to device
IN 1001- Data transmit is requested from host to device
ouT 0001- Data receive is requested from host to device
SOF 0101- Top of frame is indicated by host to device

Data DATAO 0011- The state that sequence bit of transmit/receive data is even is indicated
DATA1 1011- The state that sequence bit of transmit/receive data is odd is indicated

Handshake | ACK 00102 Normal completion of communication is reported
NAK 10102 The state that device is waiting for communication is reported
STALL 1110 Completion error of communication is reported

Special PRE 11002 Communication to the L.S. device which has low-priority is enabled

In 7534 Group, data except SOF and PRE of PID can be controlled by software.
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(6) USB special signal

The host side has function to control the state of the device side, and the device side has the function
to transmit the state to the host side and other devices on USB communications line by the signal
besides the above-mentioned data transfer.

Usually, the transfer confirmation [Keep alive, Idle: only for L.S.] is performed on the USB communication
line regardless of data transmit/receive. The contents of transfer confirmation are as follows;

* host confirms the connection of device on the communication line

» device confirms the normal data transfer of host.

The confirmation transfer is transmitted by host side for each frame (1ms/frame) which is the basic
time unit of the USB transfer.

When the host stops all the device, the host informs device of the stop of functions by suspending
the confirmation transfer for 3 ms or more.

The signal to stop the function is called “Suspend”.

The stopped device can be returned by 2 methods.

The return is performed basically when there is a change in the device in the stopped state.

One is a method (change on communications line) to return to a normal state by restarting the data
communication which is suspended before suspend.

The signal to return is called “Resume”.

The other is a method (change on the device) to return to a normal state by the change in an external
input of the device.

The host can inform all the other connected devices of the return of the device by the change in an
external input by outputting K state signal of 1 to 15 ms.

The signal to activate for other devices is called “Remote wake up”.

When the SEO signal of 2.5 ps or more is input on communications line regardless of the state of
the stop/start of the function of the device side, the packet, and the stage processing, the device
makes all states concerning the USB function initial state.

The signal to initialize is called “Reset”.

Table 2.4.5 shows a special signal of USB.

Table 2.4.5 Special signal of USB

Signal type Operation Signal format
Suspend Stop of all device function No data transfer for 3 ms
Resume Return of device function K state input/reset input in the suspend state
Reset Initialization of USB setting SEO input for 2.5 yus or more
Remote wake up |Report of return to other devices K state output for 1 to 15 ms
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(7) USB interface

In 7534 Group, the USB interface divides one communications line by 2 depending on the contents

of data.
Figure 2.4.3 shows the interface of USB.

7534 Group
Token: SETUP, IN, OUT |
< Control transfer Endpoint O ]
Token: IN Ve
< Interrupt transfer | Endpoint 1 ]
\—
Host system
(PC, Hub) Low Speed Fuinction
Note: Transfer direction shows the DATA transmission direction of PID.

Fig. 2.4.3 USB (L.S.) interface

(8) System configuration of USB

In the system configuration used with the low-speed communication device of USB, the host side can
recognize the connection of the low-speed communication device by pull-up the D-pin with the

voltage of 3.0 to 3.6 V and the resistor of 1.5 kQ of communications lines.
Figure 2.4.4 shows the example of connecting USB [L.S].

7534 Group
D- pull-up resistor
(1.§kQ) P USBVRrerout
USB connector
D-IP1g
|::| —— — IbwP1,
—'——I Vce
Vss
Host system |  |ysB cable (for L.S.)
(PC, Hub) Untwisted, Unshielded, 3 Meters max. Low speed communication device

Note: Use the USB connector and USB cable specified to the USB specifications.

Fig. 2.4.4 USB (L.S.) connection example
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2.4.2 Memory map

A

~

001816
001916
001A1s6

A
~

N

.

Transmit/Receive buffer register (TB/RB)

USB status register (USBSTS)

Serial 1/01 control register (SIO1CON)

2
N

001D1s | USB data toggle synchronization register ( TRSYNC)

001E16 | USB interrupt source discrimination register 1 (USBIR1)

001Fz6
002016
002116
002216
002316
002416
002516
002616
002716

USB interrupt source discrimination register 2 (USBIR2)

USB interrupt control register (USBICON)

USB transmit data byte number set register 0 (EPOBYTE)

USB transmit data byte number set register 1 (EP1BYTE)

USBPID control register 0 (EPOPID)

USBPID control register 1 (EP1PID)

USB address register (USBA)

USB sequence bit initialization register (INISQ1)

USB control register (USBCON)

/\\/
A\/

003C1s | Interrupt request register 1 (IREQ1)

~
N

P

003E1s | Interrupt control register 1 (ICON1)

/\\/
T

Fig. 2.4.5 Memory map of registers relevant to USB
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2.4.3 Relevant registers

In this section, the contents of control are described as follows;

Transmit/Receive buffer

Setting to enable/disable of each function including USB communication and interrupts

* Determination of USB communication error occurrence
» Setting to stage and handshake by unit of endpoint
* Auto-determination of self-address of USB device

Figure 2.4.6 shows the description of the register structure, and Figure 2.4.7 to Figure 2.4.10 show the

register structures relevant to USB.

Register name: (Symbol): [Address]
b7 b6 b5 b4 b3 b2 bl b

L~ 1T [ [ T [ 1

Initial value Symbol of bit name

0,1lord
0: Initial value undfined.

H/W
RD

H/W
WR

Bit name Function

CPU | CPU
RD | WR
k\

Remarks

pad
e

[CPU RD: Read from CPU
Enable: Read enabled

CPU WR: Write from CPU
Set/Clear: Write “0”, “1” enabled
Set: Write only “1” enabled
Clear: Write only “0” enabled
Dummy: Initializing by dummy write enabled

H/W RD: Read by hardware
Use: used by hardware (data is no change)

H/W WR: Write by hardware
Set/Clear: Write “0”, “1” is executed by hardware
Set: Write only “1” is executed by hardware
Clear: Write only “0” is executed by hardware

\ Shaded area: no R/W function

Fig. 2.4.6 Description of the register structure
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Transmit buffer register (TB) [Address 18 16]

Initial value

Initial value

Initial value

b7 b6 b5 b4 b3 b2 bl bo
T8 CPU | CPU | HW [H/W
0 O O O O O O RD |WR [ RD [WR
E_ _____ : _____i _____ E_ _____ : _____i _____ E_ _____ E__ _ After setting data to address 0018 16, Set/ | Use
the data is transferred to the transmit Clear
shift register automatically.
Transmit buffer empty flag (TXRDY) is cleared by writing data to this register.
Receive buffer register (RB) [Address 18 16]
b7 b6 b5 b4 b3 b2 bl bO
RB CPU [ cPU | AW [Hw
0 0 0 0 0 0 0 0 RD |WR [ RD [wWR
;______:_____:______;______:_____:______;______:__ _ Receive buffer register can be read out| Ena- Set/
by reading data from address 0018 16. |ble Clear
Receive buffer full flag (RxRDY) is cleared by reading this register.
USB status register (USBSTS) [Address 19 16]
b7 b6 b5 b4 b3 b2 bl bO
[rxroY] sume[sstre] PipE | cree|Feore EoP [TxrDY| PU Toru Tow Tow
0 1 RD |WR [ RD [WR
i _ [Transmit buffer 0: Bulffer full Ena- Set/
empty flag 1: Buffer empty ble Clear

This bit is set to “1” when data is transferred from buffer to shift register by hardware.
This bit is cleared to “0” by writing to buffer.

EOP detection flag | 0: Not detected Ena- |Clear Set
1: Detect ble

Setting condition of this flag to “1” is as follows;

« Normal EOP detected by hardware

* False EOP flag (FEOPE) set

« Time is out with EOP not detected at data phase or handshake phase

This bit is cleared to “0” by writing dummy to this register.

False EOP error flag | 0: No error Ena- |Clear Set
1: False EOP error ble

This bit is set to “1” when the phase is not completed normally.

This bit is cleared to “0” by writing dummy to this register.

CRC error flag 0: No error Ena- |Clear Set
1: CRC error ble

This bit is set to “1” when the CRC error occurs at the same timing of EOP detection
flag.
This bit is to “0” cleared by writing dummy to this register.

Ena- |Clear Set

ble

0: No error
1: PID error

PID error flag

Setting condition of this flag to “1” is as follows;

« PID of DATAO or DATAL cannot be detected at data phase after OUT or SETUP
token

« ACK PID cannot be received at handshake phase during IN transaction.

This bit is cleared to “0” by writing dummy to this register.

0: No error Ena- |Clear Set

1: Bit stuffing error ble

Bit stuffing error flag

This bit is set to “1” when bit stuffing error occurs at data phase or handshake phase.
This bit is cleared to “0” by writing dummy to this register.

Summing error flag | 0: No error Ena- |Clear Set
1: Summing error ble

This bit is set to “1” when any error of FEOPE, CRCE, PIDE, or BSTFE occurs.

This bit is cleared to “0” by writing dummy to this register.

Receive buffer full 0: Buffer empty Ena- Set/

flag 1: Buffer full ble Clear

This bit is set to “1” when data is transferred from shift register to buffer by hardware.
This bit is cleared to “0” by reading from buffer.

Fig. 2.4.7 Register structures relevant to USB (1)
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USB data toggle synchronization register (TRSYNC) [Address 1D 16]
b7 b6 b5 b4 b3 b2 bl  bo
[sere] | | | | | | | CPU [ CPU [ HW [HW
Initial value 0 RD | WR [RD [WR
:_ _________________________________________ Sequence bit toggle | 0: No toggle Ena- [Clear Set
flag 1: Sequence toggle ble

Setting condition of this flag to “1” is as follows;

« Setting of handshake for OUT token in EPOPID is ACK, toggle of data PID is
performed normally, and errors do not occur at data phase during OUT and
SETUP transaction.

« When ACK is received during IN transaction.

This bit is cleared to “0” by writing dummy to this register.

USB interrupt source discrimination register 1 (USBIR1) [Address 1E 16]
b7 b6 b5 b4 b3 b2 bl bo

[ reer] | | | | | | | CPU [ CPU [ HW [HW
Initial value 0 RD WR | RD |WR
; __________________________________________ Endpoint 0: Endpoint 0 interrupt Ena- Set/
determination flag 1: Endpoint 1 interrupt ble Clear

This flag is set to “1” when IN token interrupt of endpoint 1 occurs.
This flag is cleared to “0” when IN token interrupt of endpoint 0 occurs.
Writing to this bit is invalid. Do not write “1” to bits O to 6.

USB interrupt source discrimination register 2 (USBIR2) [Address 1F 16]
b7 b6 b5 b4 b3 b2 bl b0

[Rxpio] op | | [sTra] sPrq | | CPU | CPU | HIW | HIW
Initial value 0 1 0 0 RD WR | RD |WR
:_ _____________ Suspend request flag [ 0: No request Ena-|Clear Set

1: Suspend request ble

Suspend request is set to “1” when system enters to state J for 3 ms or more.
Suspend request is cleared to “0” by writing dummy to this register.
-------------------- USB reset request 0: No request Ena- Set/
flag 1: Reset request ble Clear
USB reset request is set to “1” when the SEO signal is input for 2.5 ps or more.
USB reset request is cleared to “0” when the SEO signal is stopped.
-------------------------------------- Token PID 0: SETUP interrupt Ena- Set/
determination flag 1: OUT interrupt ble Clear
This flag is set to “1” during no SETUP transaction.
This flag is cleared to “0” when PID of SETUP is detected.
------------------------------------------- Token interrupt flag | 0: No interrup Ena- Set/
1: OUT/SETUP token interrupt ble Clear
This flag is set to “1” when OUT or SETUP interrupt occurs.

This flag is cleared to “0” after the end of transaction.

USB interrupt control register (USBICON) [Address 20 16]
b7 b6 b5 b4 b3 b2 bl b0

This flag is invalid in suspend mode (USB reset is always valid in suspend mode).

[usse | ke [ reme] rsTe [ epie | | | | CPU | CPU | HIW | H/W
Initial value 0 0 0 0 0 RD WR | RD |WR
E E :_ ___________________ Endpoint 1 enable 0: Endpoint 1 invalid Ena-|Set/ |Use
: 1 1: Endpoint 1 valid ble [Clear
e USB reset interrupt | 0:USB reset invalid Ena-[Set/ |Use
! enable 1:USB reset valid ble |[Clear

------------------------------- Resume interrupt 0: Resumue invalid Ena-|Set/ [Use
enable 1: Resume valid ble |Clear

------------------------------------- Token interrupt 0:Token invalid Ena-[Set/ |Use
enable 1:Token valid ble [Clear

------------------------------------------ USB enable flag 0:USB invalid Ena-|Set/ [Use
1:USB valid ble |[Clear

The internal state can be initialized by clearing this flag to “0”.

The initial values of registers are as follows;

« USB status register [address 19 16] = (0116)

» USB data toggle synchronization register [address 1D 16] = (7F16)

* USB interrupt source discrimination register 1 [address 1E 16] = (7F16)

* Bits 7, 6 and 2 of USB interrupt source discrimination register 2 [address 1F 16]
= (00xxx0xx2)

Fig. 2.4.8 Register structures relevant to USB (2)
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USB transmit data byte number set register 0 (EPOBYTE) [Address 21 16]
b7 b6 b5 b4 b3 b2 bl bho

[0 JoJoTJol] EPOBYTE | cPUTcPU T bW ThAw
Initial value 0 0 0 0 RD WR RD | WR

' ' ! [ Set the number of data byte for Ena- [Set/ | Use
transmitting with endpoint 0 ble |Clear

USB transmit data byte number set register 1 (EP1BYTE) [Address 22 16]
b7 b6 b5 b4 b3 b2 bl bho

[oJ o] ool EP1BYTE | CPUTro T i Taw
Initial value 0 0 0 0 RD WR RD |WR
LI I SR Set the number of data byte for Ena- | Set/ | Use
transmitting with endpoint 1 ble | Clear

USB PID control register 0 (EPOPID) [Address 23 16]
b7 b6 b5 b4 b3 b2 bl b0

[ oPiDo] spipol Apipo]spipod Erok | | | | CPU [ CPU | HW [HW
Initial value 0 0 0 0 0 RD |WR | RD [WR
. ] Endpoint 0 enable 0: Endpoint 0 invalid Ena- | Set/ [ Use
flag 1: Endpoint 0 valid ble | Cleal

Unexpected IN or OUT transaction can be ignored by clearing this flag to “0”.
(SETUP transaction cannot be ignored, it is always valid.)

R, Endpoint O PID selection[10D : IN token interrupt of DATA 0/1is valid | Ep5- | Set/ | Use
flag (OUT STALL) 0100 : STALL handshake is valid for IN token ble Cleal

0000 : NAK handshake is valid for IN token

S Uy Endpoint 0 PID selection I 1: STALL handshake is valid for OUT Ena- | Set/ | Use
flag (OUT ACK) token ble [ Cleal
b e e e e e ] Endpoint 0 PID selection|@ 10: ACK handshake is valid for OUT token | Eng.- | Set/ | Use
flag (IN STALL) [ 00: NAK handshake is valid for OUT token | |1 | Clean
........................................... Endpoint 0 PID selection Ena- | Set/ | Use |Clear
flag (IN DATAO/1) ble |cClea

DPIDO and SPIDOI are used to control the response for IN token.

DPIDO is used with the token interrupt enable flag (TKNE).

DPIDO is cleared to “0” automatically by hardware when ACK is received.
SPIDOO and APIDO are used to control the response for OUT token.

When DPIDO is changed during token packet, the changed value is valid after end
of token.

O:itcanbe setto O or 1.

USB PID control register 1 (EP1PID) [Address 24 16]
b7 b6 b5 b4 b3 b2 bl bO

[opiD1] spip1] [ [ [ | | | CPU [ CPU [ HW | HW
Initial value 0 0 RD | WR RD | WR
E !_ ____________________________________ Endpoint 1 PID selection |10: IN token interrupt of DATAO/1 is valid Ena- | Set/ | Use
! flag (IN STALL) 01: STALL handshake is valid for IN token ble Cleal
' - - 00: NAK handshake is valid for IN token
L e P PP PP P PP PP Endpoint 1 PID selection Ena- | Set/ | Use [Clear
flag (IN DATAO/1) ble Clear

DPID1 and SPID1 are used to control the response for IN token.
DPIDL1 is used with the token interrupt enable flag (TKNE).
DPID1 is cleared to “0” automatically by hardware when ACK is received.

O: it can be setto 0 or 1.

Fig. 2.4.9 Register structures relevant to USB (3)
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USB address register (USBA) [Address 25 16]
b7 b6 b5 b4 b3 b2 bl bo
| [ USBA | CPU[cPU [ HW [HW
Initial value 0 0 0 0 0 0 0 RD | WR RD |WR
R SN SO SR NN S S I Set an address allocated by the Set/ |Use
USB host Clear
USB sequence bit initialization register (INISQ1) [Address 26 16]
b7 b6 b5 b4 b3 b2 bl bo
| INISQ1L | cpu | cpu | HW [ HW
Initial value 0O [m} [m} ] ] 0 0O [m} RD WR RD |WR
N S S SN S N A S _ As sequence bit of endpoint 1 is Dummy
initialized.
Sequence is initialized by writing dummy.
USB control register (USBCON) [Address 27 16]
b7 b6 b5 b4 b3 b2 bl bo
[wrup [uvoe] | | | | | | CPU [ CPU | HW [ HW
Initial value 0 0 RD | WR RD |WR
E ] USBVREFOUT output | 0: Output off Set/ |Use
! valid flag 1: Output on Clear
Mommmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmeees Remote wake up 0: No request Set [Use |[Clear
request flag 1:Remote wake up request
Remote wake up request (K output) can be set by setting this flag to “1”.
This flag is cleaed to “0” automatically after 10 ms from remote wake up request.
Serial I/01 control register (SIO1CON) [Address 1A 16]
b7 b6 b5 b4 b3 b2 bl bo
| MOD1| MODOl PE | TE | TiC | CTE | | css | CPUTCPU T oW 1w
Initial value 0 RD | WR RD |WR
E : ____________________________________ Serial /01 mode 00: 1/0 port Set/ |Use
: selection bit 01:Not available Clear
e Serial /01 mode 10:UART mode Set/ |Use
selection bit 11:USB mode Clear
Note: Only bits 6 and 7 of SIO1CON are described in this figure because only these bits are used for USB.

Fig. 2.4.10 Register structures relevant to USB (4)
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uUSB

2.4

.4 USB application example

In this section, the application examples when using the USB communication are described using examples
of the timing chart and register setting.

(1

) Example of processing each control sequence
In 7534 Group, the control and the determination of the control sequence are executed by software.
The content of processing is executed in the setup stage, transmitting and receiving the data stage
of the content are executed, and the completion of the sequence is shown in the status stage.
Note that the contents of the control and the determination are different even in the software of 7534
Group, because the following processing is different respectively depending on the content of the
setup stage.
In the control transfer, the processing since the data stage is determined when receiving the setup
stage, the execution of the transmit and receive processing and the number of data bytes are
controlled, the status stage at the end is executed, and the sequence is completed.
Only the control of each packet is performed because there is no stage in the interrupt transfer.
Figure 2.4.11 shows the control method of control sequence.

Endpoint 0 PID selection flag

| |
' '
' '
' '
' '
' ' '
) ] ' ' '
Endpoint 0 PID selection flag ' OUT token:ACK, IN token:STALL ' ' OUT token:STALL, IN token:DATAQ/1
OUT STALL============mn== ' H H H .
(SPIDOO) oo oieeeeo - ] . . . '
OUTACK mmmmmmmmmmmeeaam : . . . :
(APIDO) . _Loooioeooas J 5 5 5 :
ST AL e aaanns j : : : :
(SPIDOD oo . : : : :
IN DATAQ/L = = === === == === = ] ! ! ! I—li
(DPID0)  cicciici ! ; : T ! '
' ' ' ' ' '
' 1 OUT, no error ' ' '
+ SETUP, no error ' (4 transaction) ' ' + IN, ACK receive
Sequence bit toggle flag
saTel) M 1 M M 1 N

1. Control Read
Setup Stage  Data Stage Status Stage

| setup]patao] [ w Joatar] | w Joatac] [ w Joatar] | w Joatao] [ our [oatai]

E Endpoint 0 valid

'
'
Endpoint 0 enable flag .
(EPOE) —l 0
'

E Endpoint 0 invalid

.

OUT token:ACK, IN token:STALL

OUT token:STALL, IN token:DATAO/1

OUT STALL ==-mmmmmmmme e e o

4
.
.
:
:
.
.
:
.
(SPIDOO) e - oo | : | :
OUTACK  =mmmmmmcmmcmmas ]' . r .
e . : | 5
INSTALL  ==mmmmmmmmcmmns 1 : ; :
(SPIDOI) - e ! L ! :
IN DATAQ/L == mmmmmmmmmmmmms : : : :
(DPIDO) oo l I_l '
' "IN, ACK receive ' ' ' '
1 SETUP, no error y (4 transaction) y y y : OUT, no error
Sequence bit toggle flag I—I I_I I_I [_I
(SQTGL)

2. Control Write
Setup Stage  Data Stage Status Stage

;l SETUPlDATAOl ;l ouT |DATA1 ;l ouT |DATAO k| ouT |DATA1 k| ouT |DATAO k| IN |DATA1|
4 — 4 —> 4 4 T

4

H Endpoint 0 valid
'

Endpoint 0 enable flag
(EPOE) 1

H Endpoint 0 invalid
'

L

Notes 1: Only token and DATAO/1 of PID are shown in this figure.
2: In this example, data stage is 4 transaction.

Fig.

2.4.11 Control method of control sequence
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(2)

Example of processing each transaction

In 7534 Group, the control and the determination of the packet are executed by software.
First, the content of the received token is determined, transmit and receive data according to it are
executed, the completion of the transaction is shown by the handshake.
Note that the contents of the control and the determination are different even of the software so that
processing is different depending on the content of the token.
Figure 2.4.12 shows timing chart of the transaction according to each token.

1. SETUP token transaction
Token

Data

Handshake

| svnc [ setup]

DR [ enop| cres[eod] | sync [ patao | pataa| patan]

CRC16

eof [ sync] ack [eod

SETUP PID detected
OUT token interrupt

| SETUP interrupt occuts
' v

—

(Interrupt processing).

EOP detection flag
(EOP)

1 EOP detected
' (Token)

EOP detected

(Data)
1

EOP detected

Token PID determination flag—l
(OPID)

Token interrupt flag
(RXPID)

I_(IHandshake)
d
'
'
'
|

Receive buffer full flag

(RXRDY)

Summing error flag
(SUME)

JRPSSRS 8) ARy U (R RS,

- - - ---E -1 - --- B

1
:
:
:
:
:
:
:
:
:
1
i
:
:
:
:
:
:
2
3
:
:
H
0
:
:
:

d
'
'
'
'
: L
| '
' Data received/read (2 bytes)
' i
' '
: M :
CRC error occur: | False EOP error PID error occurs | False EOP error occurs
(CRCE) 1 occurs (FEOPE) PIDE) \ (FEOPE)
[ - T or-
'

2. OUT token transaction
Token

Data

CRC error occurs
(CRCE)

Handshake

[ syne | out [ apor|enop|cres[eod [ svnc [pataon] pataa| patan]

CRC16

1 OUT PID detected
OUT token interrupt

1 OUT interrupt occurs
:

Summing error flag (CRCE)

CRC error occurs

1 False EOP error

1 occurs (FEOPE)
e

(PIDE)

PID error occurs

1
'
'
'
'
-
'

1 False EOP error occurs

i (FEOPE)

[od [ svnc] ack Jeod]
' ' ' ' HE |
' ' ' ' v '
' ' ' ' Vo '
' '
(Interrupt processing). H 0 0 | ! g g : : :
. \ 1| EOP detected : ! ! ! | EOP detected ! EOP detected
EOP detection flag : i j(Token) ' ' : ¢ (Data) ! (Handshake)
(EOP) 0 Ch ; : : L i
v i v v v i d
Token PID determination flag L : : U U ! : : :
(OPID) I H H H H 1
T ' ' ' L '
Token interrupt flag ! . X X . .
(RxPID) H H H o0
T ' ' ' v
v ' ' ' ’ '
Receive buffer full ' ' ' ' 1 Data received/read (2 bytes)
eceive buffer full flag ' ' ' | h
(RXRDY) HEH H H H HEH
. :
' '
' '
s r
' '

(SUME)

3. IN token transaction
Token

Data

CRC error occurs
(CRCE)

Handshake

IN token interrupt
(Interrupt processing).

1IN interrupt occurs
'

[ srnc] [ aoor|enop[cres[eod [ svnc [pataon] pataa| patan]

creis [eod [ sync | ack [eod

1 EOP detected

EOP detected

m

|

OP detected

Summing error flag

'
' '
' '
'
. :
v H .
' ' '
' ' (Token, ' '
EOP detection flag ! ( ) : (Data) ; |_(IHancishaktE)
i o 5 : —
Endpoint determination flag====================-===---- 1-- -| " ' ! !
(RXEP)  meeeeeeeeeeeeeeeceeeeeeeeees i-- 0 ! 00
E E Data written and transmitted (2 Ii)ytes) E E
Transmit buffer empty flag * I_l . . .
(TXRDY) g : o
1 CRC error occurs False EOP error occurs | PID error occurs 1 False EOP error occurs
' (CRCE) (FEOPE) ! (PIDE) ' ' (FEOPE)
ke . [N
h
' H ]

(SUME)

Notes 1: The data number of PID = DATAO/1 is 2 bytes in this example.
2. Endpoint (ENDP) is 0 in this example.
3: The dot line on SUME shows the timing of each error occur.

Fig. 2.4.12 Timing chart of the transaction according to each token
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(3)

Interrupt processing

In 7534 Group, the interrupt related to the USB communication processes 7 sources 2 jump destination.
Accordingly, determine the interrupt source and execute the processing after executing the interrupt
processing.

Moreover, control the USB function and the interrupt source which has been enabled before interrupt
is enabled.

The interrupt jump destination and the source are shown as follows.

IN token interrupt: IN token (endpoint 0) and IN token (endpoint 1)
OUT token interrupt: OUT token, SETUP token, Reset, Suspend, and Resume

The determination (processing at the OUT token in figure) by the interrupt and the setting of a related
register when using the interrupt of the OUT token is shown in Figure 2.4.13. The determination
(processing at the IN token (endpoint 0) in figure) by the interrupt and the setting a related register
when using the interrupt of the IN token in Figure 2.4.14.

In the OUT token interrupt, read data of OUT token and SETUP token at the timing shown in Figures
2.4.15 and 2.4.16. Also, in the IN token interrupt, write data to IN token (endpoint 0) and IN token
(endpoint 1) at the timing shown in Figure 2.4.17.
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[Flow chart]

Set USB communication

L

J Set OUT token enabled

Set OUT token interrupt
enabled

=

:

( OUT token interrupt )

Reset/Supend/

Resume processing :

To Reset/Supend/
Resume processing

No token

RTI
SETUP

To Setup processing

L

Yes

—=

No

i

Interrupt source = Reset/
> Supend/Resume processing ?

No Reset/Supend/Resume
processing

> Interrupt source = token ?
Token

OUT token ?
ouT

:I Data receive executed
% Communication error occur ?
o}

Data toggle ?
es

*
@
*

A | Set handshake

*
lw)
*

c | Store this receive data

—

RTI

( USBA

o[]: Not used here.

[Program description] Setit to “0” or “1" arbitrary.

[JO000000 2 Initial USB address = “0" )

SIO1CON 11[Mm
USBCON [O1(m

2 Set hardware (I/O port) to USB mode
2 Use USBVrerout pin

USBICON 1[m 2 Set internal state to USB enabled

EPOPID [ 100 2 Setendpoint O to be valid

USBICON 01 2 Set token interrupt to be valid

(IREQ1  [mmj 002 Initialize OUT token interrupt request )
( ICON1 [ 102 Set OUT token interrupt enable )
USBIR2 [ 200 - Interrupt by reset if ? =*1”
USBIR2 [ ?0 2 Interrupt by suspend if ? = “1”
USBICON [ 20 2 Interrupt by resume if ? = “1”

Note: Set RSME to “1” only in suspend processing

USBIR2  ?{IIm 2 Interrupt by token if ? = “1”
USBIR2  [O?[Im 2 Interrupt by OUT token if ? = “1”
RB 2?7?7777 2 Read receive data
(Max. 8 bytes in 1 interrupt
processing)
USBSTS [O?????0 2 No errorif all ? =“0"

Error/No error can be determined by SUME of bit 6

TRSYNC 20 2 Toggle normally if ? = “1”

In normal receive, handshake is set to ACK (*A).
When communication error or data doggle error occur, handshake is
set to NAK or STALL according to the contents (*B).

In normal receive, data is stored (*C).

When communication error or data doggle error occur, received data

in this time is canceled (*D).

Notes 1: In this figure, only USB in interrupt processing is described.

Note that the storing stack, etc. is not described.

2: Data shown by ? in program description expresses determination

or data setting.

Fig. 2.4.13 USB interrupt processing example (OUT token)
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[Flow chart]

L

Set USB communication

:‘ Set IN token enabled

1

———<

To endpoint processing

|

-

=

Set IN token interrupt
enabled

é

(IN token interrupt )

> Endpoint=0o0r1?
0

:‘ Data transmit executed

> Communication error occur ?
No

> Data toggle ?
Yes

*A__| Store next transmit data

—

RTI

o[]: Not used here.
Set it to “0” or “1" arbitrary.

[Program description]

(usea

SIO1CON
USBCON

USBICON

EPOPID
USBICON

USBICON
( IREQ1
( ICON1

( EPOBYTE

USBIR1

EPOBYTE
B

USBSTS

TRSYNC

10000000 2 Initial USB address = “0” )

110Im 2 Set I/O port to USB mode

01 2 Use USBVrerout pin

1 (T 2 Set internal state to USB enabled

[m 1M 2 Setendpoint O to be valid

[ 100 - Setendpoint1 to be valid

[ 1[mm 2 Set token interrupt to be valid

[ 0 2 Initialize IN token interrupt request )

(I 12 Set IN token interrupt enable )

29999992 , _Set t_he number of transmit data )
in this stage

? [ 2 Endpoint 0 interrupt occurs if ? = “0”

[m  ????2 Setthe number of transmit data byte

299772772 ,  Write transmit data

(Max. 8 bytes in 1 interrupt processing)

No error if all ? =“0”
Error/No error can be determined
by SUME of bit 6

, Toggle normally if ? = “1”

02?2?2722 2

? [

In normal tramsmit, the next transmit data is set (*A).
When communication error or data doggle error occur,
transmit is executed again (*B).

Notes 1: In this figure, only USB in interrupt processing is described.
Note that the storing stack, etc. is not described.

2: IN token interrupt processing of only endpoint 0 is shown in this example.
3: Data shown by ? in program description expresses determination or data setting.

Fig. 2.4.14 USB interrupt processing example (IN token)
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| swe | pp | aoor [enop| crc Fol | swwe | PD | paax | Damy | CRC16 o
) 34 bit times = 22.7 ps = 136 cycle g
SETUP token interrupt occurs Read Data 0
Notes 1: In this case, Data: 2 bytes, Cycle: 6 MHz.
2: Max. 14 cycles are required until the interrupt occurs.
Fig. 2.4.15 Data read timing of SETUP token
| SYNC | PID | ADDR |ENDP| CRC |E0F’| | SYNC | PID | Data X | Data Y | CRC16 |EOP|
) 34 bit times = 22.7 us = 136 cycle g
OUT token interrupt occurs Read Data 0
Notes 1: In this case, Data: 2 bytes, Cycle: 6 MHz.
2: Max. 14 cycles are required until the interrupt occurs.
Fig. 2.4.16 Data read timing of OUT token
| SYNC | PID | ADDR |ENDP| CRC FOF’| | SYNC PID | Data X | CRC16 FOF’|
) 22.5 bit times = 15 ps = 90 cycle "
IN token interrupt occurs Read Data 0

Notes 1: In this case, Data: 1 byte, Cycle: 6 MHz.
2: Max. 14 cycles are required until the interrupt occurs.

Fig. 2.4.17 Data read timing of IN token (endpoint 0) and IN token (endpoint 1) token
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(4) Processing to special signal
In 7534 Group, control the USB function to the signal shown in Table 2.4.5 by software.
At USB reset, initialize the registers relevant to USB described in the above section 2.4.3.
Also, at Suspend, execute the STP instruction after the interrupt is enabled.

Set an external interrupt which is the return condition from the stopped state before STP instruction.
The enable of resume is included in this condition.

The generation of these signals can be recognized by the interrupt request.

The interrupt to a special signal is all included in the OUT token interrupt.

IN token interrupt: IN token (endpoint 0) and IN token (endpoint 1)
OUT token interrupt: OUT token, SETUP token, Reset, Suspend, and Resume

The remote wake up function is used to output signals when to output as USB function is required

for the return from the stopped state by an external input.
Figure 2.4.18 shows timing chart of each signal.

1. Resume interrupt return from Suspend

Keep alive
(1 ms interval)
N

No change of

communication line
{3 ms or more) }
—h

Reset signal input
(2.5 ps or more)
h '

D-pin state

Microcomputer
operation

OUT token interrupt
(Interrupt processing)

Suspend request flag
(SPRQ)

USB reset request flag
(RSTRQ)

Resume interrupt enable
(RSME)

TT T 1T

STP instruction executed

v

L]

Suspend interrupt occurs

Resume interrupt occurs

Reset interrupt occurs

[ —

1

2. External interrupt return from SUSPEND

Keep alive
(1 ms interval)

No change of

—h

N f N

communication line
' {3 ms or more) }
—h

Remote wake up signal output
1 (10 ms) '

D-pin state

Microcomputer
operation

OUT token interrupt
(Interrupt processing)

Suspend request flag
(SPRQ)

USB reset request flag
(RSTRQ)

Resume interrupt enable
(RSME)

Remote wake up request
flag
(WKUP)

the remote

TT T 1T

STP instruction executed

Reset signal input
(2.5 ps or more)
'

—

|

v

Suspend interrupt occurs

External input interrupt occyrs

'
'
'
1
'
'
Reset interrupt occurs
'
'
'

1

.
.
i
:
0
.
:

u
1
i

| .
.
:
.
:
:
:
:
0
:
:
:
:
.

Remote wake up signal ou:tput request

|

wake up signal output.

Notes 1: In this example, USB reset interrupt enable flag (RSTE) = “1” (enabled).
2: The remote wake up request flag (WKUP) is not set to “1” when host does not request

3: External input interrupts: key on wake up, INT o, INT1 and CNTRo interrupt.

Fig. 2.4.18 Timing chart of each signal
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2.4.5 Notes concerning USB

(1) Determination of interrupt condition in OUT token interrupt processing
Determine the occurrence of the reset/suspend/resume interrupt from other interrupt conditions in the
order as shown in Figure 2.4.19 when they occur in the OUT token interrupt processing.

/

OUT token interrupt

To Resume Resume disabled

processing

ouT

! USBIR2

o[ : Not used here.
Set it to “0” or “1” arbitrary.

Interrupt source = Reset ? D 200 - Interrupt by Reset occurs if ? = 1"
To Reset No Reset
processing H
Suspend H
Interrupt source = Suspend ?  : USBIR2 [ 2 2 Interrupt by Suspend occurs if ? = “1”
To Suspend No Suspend :
processing
Resume enabled H
Interrupt control = Enabled ? + USBICON [ 2 2 Interrupt by Resume occurs if ? (RSME) = “1"

E Note: Set “1” to RSME only in Suspend processing.

Interrupt source = Token ? i USBIR2  ?my 2 Interrupt by the source except token occurs if ? = “0”
RTI Token :
Token processing = SETUP ? 1 USBIR2 2D 2 Interrupt by the source SETUP token occurs if ? = “0”

Interrupt by the source OUT token occurs if ? = “1”

To SETUP/OUT token
processing

To OUT token processing

Fig. 2.4.19 Example for determination of resume interrupt

(2) Clear of suspend request flag
When the request of the suspend interrupt occurs, the suspend request flag is set to “1". After the
suspend state is fixed, the state of this flag is retained during fixed time (13 ps).
The purpose of this is to retain the internal state until the count source to measure the time (3 ms)
until suspend is fixed is updated.
Accordingly, the state might not change even if this flag is cleared to “0” immediately after the
suspend request flag is “1” is determined.
Clear this flag to “0” after the wait of 13 ps or 79 machine cycle (f(XIN) =6 MHz time) after this flag is “1”.
(3) Determination of SEO signal

In 7534 Group, USB reset and EOP can be distinguished according to the width of the SEO signal.
However, there is the time zone which corresponds any on the dividing line of the time of the width of the
signal.

Moreover, the control in a present state is required because there is a difference in processing by
the state of the device.

Accordingly, select the processing method in software by the state of the device.

Figure 2.4.20 shows processing to the width of the signal according to the situation.

TKNE, RSME, RSTE 0 ps 0.50 ps 2.50 ps 2.67 us
H H H H
' ' ' '
' '

D-pin state l o '
H H H H
' ' ' '

Idle state u] 0 1 ISignal ignored ! Keep Alive Keep Alive/Reset(RSTRQ=1) 0 Reset(RSTRQ=1)
; d
'

Token phase state 1

Data/Handshake 0
phase state

Suspend state 0

0

0

1 lSlgnaI |gnored(FEOPE=1)I EOP(RxPID=1)

0/1 ISignal ignored(FEOPE:l): EOP(EOP=1)

IEOP(RxPID=1)/Reset(RxPID=0)

Reset(RSTRQ=1)

EOP(RSTRQ=0)/Reset(RSTRQ=1) 1 Reset(RSTRQ=1)

Reset(RSTRQ=1)/Resume(RSTRQ=0)

Note: Each active state represents the processing is required in “H” state.

Fig. 2.4.20 Processing for width of SEO signal
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2.5 A-D converter

This paragraph explains the registers setting method and the notes relevant to the A-D converter.

2.5.1 Memory map

A

by

003416

A-D control register (ADCON)

003516

A-D conversion register (low-order); (ADL)

003616

A-D conversion register (high-order); (ADH)

A
—

003A16

Interrupt edge selection register (INTEDGE)

N
N

003Cu1s

Interrupt request register 1 (IREQ1)

%3

003E1s6

Interrupt control register 1 (ICON1)

Fig. 2.5.1 Memory map of registers relevant to A-D converter

2.5.2 Relevant registers

A-D control register
b7 b6 b5 b4 b3 b2 bl b0

A-D control register (ADCON) [Address : 34 16]

B Name Function Atreset| R [wW
0 | Analog input pin selection bits | b2 b1 b0 0 @)
0 0 0:P20/ANo
- 0 0 1:P21/AN1
0 1 0:P22/AN2
1 0 1 1:P23/AN3 0 O
1 0 0:P24/AN4
— 10 1:P25/ANs
2 11 0:P26/ANe  (Note) 0 0
11 1:P27/AN7  (Note)
3 | Nothing is allocated for this bit. This is a write disabled bit. 0 0
When this bit is read out, the value is “0".
4 | AD conversion completion bit | O : COnversion in progress 1 u
1 : Conversion completed
5 Nothing is allocated for these bits. These are write disabled bits. 0 u
L1 When these bits are read out, the values are “0".
6 0 d
7 0 O

Note: P26/ANs, P27/AN7 can be selected in the 36-pin and 42-pin versions.
0: This bit can be cleared to “0” by program, but cannot be set to “1”.

Fig. 2.5.2 Structure of A-D ¢

ontrol register
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A-D conversion register (high-order)

b7 b6 b5 b4 b3 b2 bl b0

A-D conversion register (high-order) (ADH) [Address : 36 16]

I I

| | | | | | | |

L Function awrese R

B i | L 0 [ The read-only register in which the A-D conversion’s results are ? (o]0

N stored.

I T R = < 10-bit read>

[ N 1 b7 b0 > |ol|O

| | | | | | L !

RN RN -

R —=

T 2 | Nothing is allocated for these bits. These are write disabled bits. O

b — When these bits are read out, the values are “0".

A 3 7 1°l"

| | | | —

e 4 AEE

o a > ol

| |

I I |

B e 6 2 |o|O

| —

R 7 ? 10|10
Fig. 2.5.3 Structure of A-D conversion register (high-order)

A-D conversion register (low-order)

b7 b6 b5 b4 b3 b2 bl b0

A-D conversion register (low-order) (ADL) [Address : 35 16]

I I I I I I I I

| | | | | | | |

1B Function Atreset| R

1 1 | | 1 | -0/ Theread-only register in which the A-D conversion’s results are ? [o]O

L0 L f] stored.

R 2 [°|°

| | | | | |

O B < 8-bit read>

Rk 0 AEE

i i i i S 3 b9 |8 [b7 [b6 |b5 |b4 b3 b2 > Tolo

| | | | _—

| | | |

e 4 < 10-bit read> ? 9|8

o 0 20

I — 5 b7|b6|bs [ba [b3 b2 [ba [bo e

| | |

} ‘- 6 ? o|d

‘ —

b 7 2 |ol|o

Fig. 2.5.4 Structure of A-D conversion register (low-order)
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Interrupt edge selection register

b7 b6 b5 b4 b3 b2 bl b0

Interrupt edge selection register (INTEDGE) [Address : 3A 1¢]

When this bit is read out, the value is “0".

I I I I I I
L m Funcion e[
A | I __{o [INTointerrupt edge 0 : Falling edge active 0 O
borh selection bit (Note 1) 1 : Rising edge active
A . | INT1 interrupt edge 0 : Falling edge active 0 @)
selection bit (Note 2 1 : Rising edge active
L T
e 2 | Nothing is allocated for these bits. These are write disabled bits. 0 O
I || When these bits are read out, the values are “0”".
P NEE
| | | |
A T I 4 | Serial /01 or INT 1 interrupt 0 : Serial /01 0 o)
. selection bit 1:INTz
A 5 | Timer X or key-on wake up 0 : Timer X 0 o
Lo interrupt selection bit 1 : Key-on wake up
} L 777777777777777 6 | Timer 2 or serial I/O2 interrupt |0 : Timer 2 0 e}
| selection bit 1: Serial /02
L 7 | CNTRo or AD converter 0:CNTRo 0 o
interrupt selection bit 1: AD converter
Notes 1: 32-pin version: Not used.
This is a write disabled bit. When this bit is read out, the value is “0".
2: 36-pin and 32-pin version: Not used.
This is a write disabled bit. When this bit is read out, the value is “0".
Fig. 2.5.5 Structure of Interrupt edge selection register
Interrupt request register 1
b7 b6 b5 b4 b3 b2 bl b0
Interrupt request register 1 (IREQ1) [Address : 3C 16]
I I I I I I I
L em
1 1 1 | L_lo|YART receive/USBIN token 0 : No interrupt request issued 0 0
[ interrupt request bit 1 : Interrupt request issued
|

Lo L,, UART transmit/USBSETUP/ |0 : No interrupt request issued
| | | | | | 1 p q O O
A T T OUT token/Reset/Suspend/ 1 : Interrupt request issued
A Resume/INT 1 interrupt
I request bit (Note 1)
| | | I | I - -
A . 2 | INTo interrupt request bit 0 : No interrupt request |ssdued 0 0
[ N N (Note 2) 1 : Interrupt request issue
} } } } L 77777777 3 | Timer X or key-on wake up 0 : No interrupt request issued 0 O
bl interrupt request bit 1 : Interrupt request issued
| | | | 5 3 A
A O SO 4 | Timer 1 interrupt request bit |9+ NO interrupt request issued 0 O
. 1 : Interrupt request issued
by 5 | Timer 2 or serial I/O2 interrupt [0 : No interrupt request issued 0 0
o request bit 1 : Interrupt request issued
b 6 | CNTRo or AD converter 0 : No interrupt request issued 0 0
| interrupt request bit 1 : Interrupt request issued
|
L 7 | Nothing is allocated for this bit. This is a write disabled bit. 0 0

0: These bits can be cleared to “0” by program, but cannot be set.
Notes 1: 36-pin version and 32-pin version: INT1 interrupt does not exist.
2: 32-pin version: INTo interrupt does not exist.

This is a write disabled bit. When this bit is read out, the value is “0”.

Fig. 2.5.6 Structure of Interrupt request register 1
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Interrupt control register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register 1 (ICON1) [Address : 3E 16]

Name Function Atreset| R |w
UART receive/USBIN token 0 : Interrupt disabled 0O |O|O
interrupt enable bit 1 : Interrupt enabled
UART transmit/USBSETUP/ 0 : Interrupt disabled 0 |O]|O
OUT token/Reset/Suspend/ 1 : Interrupt enabled
Resume/INT1 interrupt enable
bit (Note 1)
INTo interrupt enable bit 0 : Interrupt disabled 0 |O|O
(Note 2) 1 : Interrupt enabled
Timer X or key-on wake up 0 : Interrupt disabled o |o]o
interrupt enable bit 1 : Interrupt enabled
Timer 1 interrupt enable bit 0 : Interrupt disabled 0 |of©o

1 : Interrupt enabled

Timer 2 or serial /02 interrupt | 0 : Interrupt disabled o |o|o
enable bit 1 : Interrupt enabled
CNTRo or AD converter 0 : Interrupt disabled o |of|o
interrupt enable bit 1 : Interrupt enabled
Nothing is allocated for this bit. Do not write “1” to this bit. 0 olo
When this bit is read out, the value is “0".

Notes 1: 36-pin version and 32-pin version: INT1 interrupt does not exist.

2: 32-pin version: INTo interrupt does not exist.

This is a write disabled bit. When this bit is read out, the value is “0”.

Fig. 2.5.7 Structure of Interrupt control register 1
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2.5.3 A-D converter application examples
(1) Conversion of analog input voltage
Outline : The analog input voltage from a sensor is converted to digital values.

Figure 2.5.8 shows a connection diagram, and Figure 2.5.9 shows the relevant registers setting.

P20/ANo Sensor

7534 Group

Fig. 2.5.8 Connection diagram

Specifications : «The analog input voltage from a sensor is converted to digital values.
*P20/ANo pin is used as an analog input pin.

A-D control register (address 34 16)
b7 b0

ADCON | | | |O| |O|O|O|
Hg

‘—> Analog input pin : P20/ANo selected

A-D conversion start

A-D conversion register (high-order); (address 36 16)

b7 b0
—

A-D conversion register (low-order); (address 35 16)
b7 b0

o [TTTTTTL) o

~

‘—> A result of A-D conversion is stored (Note).

Note: After bit 4 of ADCON is set to “1”, read out that contents.
When reading 10-bit data, read address 0036 16 before address 0035 1s;
when reading 8-bit data, read address 0035 16 only.

Fig. 2.5.9 Relevant registers setting
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An analog input signal from a sensor is converted to the digital value according to the relevant
registers setting shown by Figure 2.5.9. Figure 2.5.10 shows the control procedure for 8-bit read, and
Figure 2.5.11 shows the control procedure for 10-bit read.

N
N

ADCON (address 3416), bitO — bit2 <— 0002
ADCON (address 3416), bit4 <0

ADCON (address 3416), bit4 ?

Read out ADL (address 3516)

i

*P20/ANo pin selected as analog input pin
*A-D conversion start

«Judgment of A-D conversion completion

*Read out of conversion result

Fig. 2.5.10 Control procedure for 8-bit read

N
N

ADCON (address 3416), bit0 — bit2 <— 0002
ADCON (address 341s6), bit4 <0

ADCON (address 3416), bit4 ?

Read out ADH (address 36 16)

Read out ADL (address 3516)

}

*P20/ANo pin selected as analog input pin
*A-D conversion start

*Judgment of A-D conversion completion

*Read out of high-order digit (b9, b8) of conversion result

*Read out of low-order digit (b7 — b0) of conversion result

Fig. 2.5.11 Control procedure for 10-bit read

7534 Group User’'s Manual
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2.5.4 Notes on A-D converter

(1) Analog input pin

Make the signal source impedance for analog input low, or equip an analog input pin with an external
capacitor of 0.01puF to 1puF. Further, be sure to verify the operation of application products on the
user side.

e Reason
An analog input pin includes the capacitor for analog voltage comparison. Accordingly, when

signals from signal source with high impedance are input to an analog input pin, charge and
discharge noise generates. This may cause the A-D conversion/comparison precision to be worse.

(2) Clock frequency during A-D conversion

The comparator consists of a capacity coupling, and a charge of the capacity will be lost if the clock
frequency is too low. Thus, make sure the following during an A-D conversion.

« f(Xin) is 500 kHz or more

* Do not execute the STP instruction
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2.6 Reset

2.6.1 Connection example of reset IC
Figure 2.6.1 shows the system example to switch to the RAM back-up mode when detecting the falling of
system power source by the INT interrupt.

System power o
source > N vee
+5V
Veel T
RESET |2 RESET
2 Vcc2 INT 3 INT
= Vss
7 1 6
Vigno ©9 1 7534 Group
= 4
777 777
M62009L,M62009P,M62009FP

Fig. 2.6.1 Example of poweron reset circuit
2.6.2 Notes on RESET pin

Connecting capacitor
In case where the RESET signal rise time is long, connect a ceramic capacitor or others across the
RESET pin and the Vss pin. Use a 1000 pF or more capacitor for high frequency use. When
connecting the capacitor, note the following :
« Make the length of the wiring which is connected to a capacitor as short as possible.
» Be sure to verify the operation of application products on the user side.

e Reason
If the several nanosecond or several ten nanosecond impulse noise enters the RESET pin, it may

cause a microcomputer failure.
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3.1 Electrical characteristics

3.1 Electrical characteristics

3.1.1 Absolute Maximum Ratings

Table 3.1.1 Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit

Vce Power source voltage -0.3t07.0 \%

Vi Input voltage P0o-P07, P10-P16, P20-P27, P30— -0.3toVcc +0.3 \Y
P37, VREF, P40, P41 All voltages are

Vi Input voltage RESET, XIN based on Vss. —-0.3to Vcc +0.3 \Y

Output transistors

Vi Input voltage CNVss (Note 1) are cut off. -0.3t013 \%

Vo Output voltage P00-P07, P10-P16, P20-P27, P30— —0.3t0Vec+0.3 v
P37, XouT, USBVREFOUT, P40, P41

Pd Power dissipation (Note 2) Ta=25°C 1000 (Note 3) mw

Topr Operating temperature —-201t0 85 °C

Tstg Storage temperature —40to 125 °C

Notes 1: It is a rating only for the One Time PROM version. Connect to Vss for mask ROM version.

2: The rating value depends on packages.
3: This is the value for the 42-pin version.

The value of the 36-pin version is 300 mW.
The value of the 32-pin version is 200 mW.
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3.1.2 Recommended Operating Conditions

Table 3.1.2 Recommended operating conditions
(Vcc=4.1t0 5.5V, Ta=-20to 85 °C, unless otherwise noted)

APPENDIX

3.1 Electrical characteristics

Limits .
Symbol Parameter - Unit
Min. Typ. Max.
Vce Power source voltage f(XIN) = 6 MHz 4.1 5.0 5.5 \Y
Vss Power source voltage 0 \%
VREF Analog reference voltage 2.0 vce \
VIH “H” input voltage P00-P07, P1o-P1ls, P20-P27, 0.8 Vcc Vvce \
P30-P37, P4o, P41
VIH “H” input voltage (TTL input level selected)  Plo, P12, P13, P3e, P37 2.0 vce Y,
VIH “H” input voltage RESET, XIN 0.8 Vce vee Vv
VIH “H” input voltage D+, D- 2.0 3.6 \%
ViL “L” input voltage P00-P07, P10—P16, P20—P27, 0 0.3 Vvce \Y
P30-P37, P4o, P41
VIL “L” input voltage (TTL input level selected) Plo, P12, P13, P3s, P37 0 0.8 \%
ViL “L" input voltage RESET, CNVss 0 0.2 Vcc \
VIL “L” input voltage D+, D- 0 0.8 \%
VIL “L” input voltage XIN 0 0.16Vcc \%
| OH(peak) “H” total peak output current (Note 1) P00-PO07, P10—-P1s6, P20-P27, _80 mA
P30-P37, P40, P41
| OL(peak) “L” total peak output current (Note 1) P0O0-PO07, P10—P1s, P20-P27, 80 mA
P37, P40, P41
| OL(peak) “L” total peak output current (Note 1) P30-P36 60 mA
| OH(avg) “H” total average output current (Note 1) P00-P07, P10-P16, P20-P27, -40 mA
P30-P37, P4o, P41
| OL(avg) “L” total average output current (Note 1) P0O0-PO07, P10—P1s6, P20-P27, 40 mA
P37, P40, P41
| OL(avg) “L” total average output current (Note 1) P30-P36 30 mA
I0H(peak) “H" peak output current (Note 2) P00-P07, P10-P16, P20—P27, -10 mA
P30-P37, P40, P41
I0L(peak) “L” peak output current (Note 2) P00-PO07, P10—P16, P20-P27, 10 mA
P37, P4o, P41
I0L(peak) “L” peak output current (Note 2) P30-P36 30 mA
I0H(avg) “H" average output current (Note 3) P00-P07, P10—P16, P20-P27, -5 mA
P30-P37, P40, P41
I0L(avg) “L” average output current (Note 3) P00-PO07, P10—P16, P20-P27, 5 mA
P37, P40, P41
IoL(avg) “L” average output current (Note 3) P30-P36 15 mA
f(XIN) Oscillation frequency (Note 4) Vcc=4.1t055V 6 MHz
at ceramic oscillation or external clock input Double-speed mode

Note 1: The total output current is the sum of all the currents flowing through all the applicable ports. The total average current is an average
value measured a term of 100 ms. The total peak current is the peak value of all the currents.

2: The peak output current is the peak current flowing in each port.

3: The average output current IoL (avg), IOH (avg) in an average value measured a term of 100 ms.

4: When the oscillation frequency has a duty cycle of 50 %.
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3.1.3 Electrical Characteristics

Table 3.1.3 Electrical characteristics (1) (Vcc=4.1t0 5.5V, Vss=0V, Ta=-20to 85 °C, unless otherwise noted)

. Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
\/OH “H” output voltage P0Oo-PO07, P1o—P16, P20-P27, IoH = -5 mA Vce-1.5 \Vi
P30-P37, P40, P41 (Note 1) Vcc=4.1t055V
IoH =-1.0 mA Vee-1.0 Y,
Vcc=4.1t055V
VoH “H” output voltage D+, D- Vcc=4.410525V 2.8 3.6 \Y
Pull-down through
15kQ +5 % for D+, D-
Pull-up through 1.5kQ
+5 % by USBVREFOUT
for D- (Ta=0to 70 °C)
VoL wp - - loL =5 mA 15 Vv
L” output voltage Egg—E%, Ei(l) P16, P20-P27, VGG = 4.1 10 5.5V
loL = 1.5 mA 0.3 v
Vcc=4.1t055V
Vcc=4.4t05.25V
VoL “Lr -
o] L” output voltage D+, D Pull-down through 0.3 \V;
15kQ +5 % for D+, D-
Pull-up through 1.5kQ
+5 % by USBVREFOUT
for D-(Ta=0to 70 °C)
w » loL=15mA
2.0 \%
VoL L” output voltage P30-P36 Ve = 411055V
loL=1.5mA 03 v
Vcc=4.1t055V '
VT+-VT- Hysteresis D+, D- 0.15 \Y
VT+-VT- Hysteresis CNTRuo, INTo, INT1 (Note 2), 0.4 v
POo—P07(Note 3)
VT+—VT- Hysteresis RXD, SCLK, SDATA (Note 2) 0.5 \
VT+-VT- Hysteresis RESET 0.5 \
IH “H” input current  P00-P07, P1o-P16, P20—P27, Vi=Vvee 5.0 HA
P30-P37, P40, P41 (Pin floating. Pull-up
transistors “off”)
IIH “H” input current  RESET Vi=Vcee 5.0 HA
IIH “H" input current__ XIN Vi=vee 4 HA
I “L” input current  P00—P07, P1o-P16, P20-P27, VI =Vss -5.0 WA
P30_P37. P40 P41 (Pin f_Ioatlng. Pull-up
' ' transistors “off")
I “L” input current  RESET, CNVss Vi=Vss -5.0 HA
I “L” input current ~ XIN Vi=Vss -4 HA
i “L” input current  P00—P07, P30-P37 Vi=Vss -0.2 -0.5 mA
(Pull-up transistors“on”)
VRAM RAM hold voltage When clock stopped 2.0 5.5 \

Note 1: P11 is measured when the P-channel output disable bit of the UART control register (bit 4 of address 001B16) is “0”".
2: RxD, ScLK, SDATA, INTo and INT1 have hystereses only when bits 0, 1 and 2 of the port P1P3 control register are set to “0” (CMOS level).
3: Itis available only when operating key-on wake-up.
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Table 3.1.4 Electrical characteristics (2) (Vcc=4.1t0 5.5V, Vss=0V, Ta=-20to 85 °C, unless otherwise noted)

» Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
Icc Power source current Double-speed mode, f(XIN) = 6 MHz, 6 10 mA
Output transistors “off”
f(XIN) = 6 MHz, (in WIT state) 1.6 3.2 mA
Output transistors “off”
Increment when A-D conversion is executed 0.8 mA
f(XIN) =6 MHz, Vcc =5V
All oscillation stopped (in STP state) | Ta=25°C 01 1.0 HA
Output transistors “off” Ta=85°C 10 PA
Vcc=4.4V1t05.25V 300 HA
Oscillation stopped in USB mode - o
USB (SUSPEND), (pull-up resistor Ta=0t070°C
output included) (Fig. 3.1.1)
3.1.4 A-D Converter Characteristics
Table 3.1.5 A-D Converter characteristics (1) (Vcc=4.1to 5.5V, Vss =0V, Ta=-20to 85 °C, unless otherwise noted)
. Limits .
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
— Resolution 10 Bits
— Linearity error Veec=4.1t055V +3 LSB
Ta=25°C
— Differential nonlinear error Vcc=4.1t055V +0.9 LSB
Ta=25°C
Vot Zero transition voltage Vcc =VREF =5.12V 0 5 20 mV
VFST Full scale transition voltage Vcc=VREF =5.12V 5105 5115 5125 mV
tCoNnv Conversion time 122 tc(XIN)
RLADDER Ladder resistor 55 kQ
IVREF Reference power source input current VREF =5.0V 50 150 200 A
VREF =3.0V 30 70 120
li(AD) A-D port input current 5.0 HA
\Y/ele
Vice
vce
USBVREFOUT
1.5kQ
D-
15 kQ
Vss louT
louT is included to this ratings.
Fig. 3.1.1 Power source current measurement circuit in USB
mode at oscillation stop
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3.1.5 Timing Requirements

Table 3.1.6 Timing requirements (Vcc =4.1t0 5.5V, Vss =0V, Ta=-20to 85 °C, unless otherwise noted)

Symbol Parameter - Limits Unit
Min. Max.
tw(RESET) Reset input “L” pulse width 15 s
tC(XIN) External clock input cycle time 166 ns
tWH(XIN) External clock input “H” pulse width 70 ns
tWL(XIN) External clock input “L” pulse width 70 ns
tc(CNTR) CNTRo input cycle time 200 ns
tWH(CNTR) CNTRo, INTo, INT1 input “H” pulse width 80 ns
tWL(CNTR) CNTRo, INTo, INT1 input “L” pulse width 80 ns
tC(ScLK) Serial 1/02 clock input cycle time 1000 ns
tWH(SCLK) Serial 1/02 clock input “H” pulse width 400 ns
tWL(SCLK) Serial 1/02 clock input “L” pulse width 400 ns
tsu(SDATA-SCLK) Serial 1/02 input set up time 200 ns
th(SCLK—SDATA) Serial 1/02 input hold time 200 ns
3.1.6 Switching Characteristics
Table 3.1.7 Switching characteristics (Vcc =4.1t0 5.5V, Vss =0V, Ta =-20to 85 °C, unless otherwise noted)
Symbol Parameter - Limits Unit
Min. Typ. Max.
tWH(SCLK) Serial 1/02 clock output “H” pulse width tc(ScLk)/2—-30 ns
tWL(SCLK) Serial 1/02 clock output “L” pulse width tc(ScLk)/2—-30 ns
td(SCLK—SDATA) Serial /02 output delay time 140 ns
tv(SCLK—SDATA) Serial I/O2 output valid time 0 ns
tr(SCLK) Serial I/0O2 clock output rising time 30 ns
tf(SCLK) Serial 1/02 clock output falling time 30 ns
tr(CMOS) CMOS output rising time (Note) 10 30 ns
t((CMOS) CMOS output falling time (Note) 10 30 ns
tr(D+), tr(D-) USB output rising time, CL = 200 to 450 pF, Ta=0to 70 °C, Vcc = 75 150 300 ns
44t05.25V

tf(D+), tf(D-) USB output falling time, CL = 200 to 450 pF, Ta=0to 70 °C, VcC = 75 150 300 ns

4410525V

Notes: XouT pin is excluded.

Measured
output pin
100 pF
CMOS output

Fig. 3.1.2 Output switching characteristics measurement circuit
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CNTRo

INTo/INT1

RESET

XIN

ScLk

D+, D-

SDATA(at transmit)

\ tc(CNTR)
) twH(CNTR) L twe(CNTR)
0.8Vcc )’\L 0.2Vee ] /
. twH(INT) D twi(INT) |
/| 0-8vee 0.2Vee ,\Z
) tw(RESET) |
0.8Vcc
5‘( 0.2Vcc 7\/
| tc(XIN)
) twH(XIN) L twi(XIN)
0.8Vce )’\‘( 0.2Vee ] /
tc(ScLk)
t twL(ScLk) tr, twH(ScLK)
SR N
0.8Vce
\( 0.2Vcc A \\

tsu(SDATA-ScLK)

th(ScLK-SDATA)

4
SoTAat receie) GRS BVt
&

DESESBBIILALILK

td(ScLk-SpATA)

tv(ScLKk-SpATA)

tf

;I(O.1VOH

tr

; 0.9VOH

Fig. 3.1.3 Timing chart
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3.2 Typical characteristics

3.2.1 Power source current characteristic example (Ilcc-Vcc characteristic)

mode (A-D conversion not executed)

80

Measuring condition: Typical sample, Ta = 25 °C, ceramic oscillation, when operating system in double-speed

70 |
60 |
f(Xin) = 6 MHz
50 |
40 |

30 ¢

20

Power source current Icc [mA]

10 |

00

25 30 35 40 45 50 55 6.0

Power source voltage Vcc [V]

65

Fig. 3.2.1 Icc-Vcc characteristic example (in double-speed mode)

Measuring condition: Typical sample, Ta = 25 °C, ceramic oscillation, At WIT instruction execution (at wait)

25

< 20}
E
O
LQ f(Xin)=6 MHz
= 15}
c
©
o
=
=
(8]
© 10}
(8]
e
=
°
(2
5}

os |
=
5
a

00 L N L L L N L

25 30 35 40 45 50 55 60

Power source voltage Vcc [V]

6.5

Fig. 3.2.2 Icc-Vcc characteristic example (at WIT instruction execution)

3-8 7534 Group User's Manual




APPENDIX

3.2 Typical characteristics

Measuring condition: At STP instruction execution (at stop), Typical sample, Ta = 25 °C
15

Power source current Icc [nA]

25 30 35 40 45 50 55 6.0 6.5

Power source voltage Vcc [V]

Fig. 3.2.3 Icc-Vcc characteristic example (At STP instruction execution, Ta = 25 °C)

Measuring condition: At STP instruction execution (at stop), Typical sample, Ta = 85 °C
0
25 |
= ///,
£
8 =f
<
I
= 15 L
)
o
()
e
=1 10 |
o
1]
9]
2 5[
(o)
o
0 L L s " L L L
25 30 35 40 45 50 55 6.0 65
Power source voltage Vcc [V]

Fig. 3.2.4 Icc-Vcc characteristic example (At STP instruction execution, Ta = 85 °C)
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Measuring condition: At STP instruction execution (at USB suspend)
(output current from USBVREFOUT pin included)
Typical sample, Ta = 25 °C
USBVREFOUT = 3.29 V

270 - e e ;
260
250
240
230
220

210

Power source current Icc [pA]

200 ! ! ]
4.0 4.5 5.0 5.5

Power source voltage Vcc [V]

Fig. 3.2.5 Icc-Vcc characteristic example (at USB suspend, Ta = 25 °C)

Measuring condition: A-D conversion executed/not executed (f(Xin) = 6MHz, in double-speed mode),
Typical sample, Ta = 25 °C, At ceramic oscillation

80

70
During A-D conversion
60 p

s During not A-D conversion
40

30

20 b

Power source current Icc [mA]

10

00

25 30 35 40 45 50 55 6.0 65

Power source voltage Vcc [V]

Fig. 3.2.6 Icc-Vcc characteristic example (A-D conversion executed/not executed, f(Xin) = 6MHz, in double-
speed mode)
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3.2.2 VoH-IoH characteristic example

Measuring condition: Ta = 25 °C, lon—Von characteristics of P-channel (normal port)
(same charactersistics pins: POo—P07, Plo—P1s, P20—P27, P30—P37, P40, P41)

-40

-30 b

20 b
Vcc =50V

-10

“H” output current loH [MA]

00 05 10 15 20 25 30 35 40 45 50

“H” output voltage VoH [V]

Fig. 3.2.7 VOH-lOH characteristic example of P-channel (Ta = 25 °C): normal port

Measuring condition: Ta = 85 °C, lov—Von characteristics of P-channel (normal port)
(same charactersistics pins: P0o—PO07, P1lo—Pls, P20—P27, P30—P37, P40, P41)

-40

<

E

I

5 a0

5

= Vcec =5.0V

3 20}

-

=}

o

g

=]

o

- -0}

I
0 " " L " i " L L s
00 05 10 15 20 25 30 35 40 45 50

“H” output voltage VoH [V]

Fig. 3.2.8 VOH-IOH characteristic example of P-channel (Ta = 85 °C): normal port
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Measuring condition: Ta = 25 °C, Voi—loL characteristics of N-channel (normal port)
(same charactersistics pins: POo—P07, P1o—P1le, P20—P27, P37, P4o, P41)
50
Vcc =50V

< wf
£
IS
+— 0
c
g
5
o 2 |
5
= Vee = 3.0 V
© 1w}
=

0 " " " " " " " " "

0.0 05 10 15 20 25 30 35 40 45 50

“L" output voltage VoL [V]

Fig. 3.2.9 VoL-loL characteristic example of N-channel (Ta = 25 °C): Normal port

Measuring condition: Ta = 85 °C, Voi—loL characteristics of N-channel (normal port)
(same charactersistics pins: POo—P07, P1lo—P1ls, P20—P27, P37, P40, P41)

“L” output voltage VoL [V]

50

< @}

E

4 Vecc =50V

[¢)

= I

c

Q

5

o 2

-

>

s

= Vcc = 3.0V

o 10 }

-
0 " i " i i " i 1 i
00 05 10 15 20 25 30 35 40 45 50

Fig. 3.2.10 VoL-loL characteristic example of N-channel (Ta = 85 °C): Normal port
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Measuring condition: Ta = 25 °C, VoL—loL characteristics of N-channel (LED drive port)
(same charactersistics pins: P30—P3s)
100

< ®f
E Vcec = 5.0V
9 60 |
IS
o
3 wf
5
= Vcc = 3.0V
3 =f
=

0 " L " L L " L " L

00 05 10 15 20 25 30 35 40 45 50

“L" output voltage VoL [V]

Fig. 3.2.11 VoL-loL characteristic example of N-channel (Ta = 25 °C): LED drive port

Measuring condition: Ta = 85 °C, VoL—loL characteristics of N-channel (LED drive port)
(same charactersistics pins: P30—P3e)

100

— @l

<

£ Vcc =50V

.

S ef

IS

et

5

o Y

-

3

=] Vcec = 3.0V

o D

o
0 i i n i i 1 i i I
00 05 10 15 20 25 30 35 40 45 50

“L” output voltage VoL [V]

Fig. 3.2.12 VoL-loL characteristic example N-channel (Ta = 85 °C): LED drive port
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“L” input current hL [pHA]

-100

-500

Measuring condition: “L” input current of port at pull-up transistor connected
(same charactersistics pins: P0o—P07, P30—P37)

-450

-400

-350

-300

-250

-200

-150

-50

Ta

Ta
Ta

-25 °C

25 °C
85 °C

25

30 35 40 45 50 55

Power source voltage Vcc [V]

6.0

6.5

Fig. 3.2.13 “L” input current of port at pull-up transistor connected

3-14

7534 Group User’'s Manual




APPENDIX

3.2 Typical characteristics

3.2.3 A-D conversion typical characteristics example

(1) Definition of A-D conversion accuracy
The A-D conversion accuracy is defined below (refer to Fig. 3.2.14).

e Relative accuracy

O Zero transition voltage (Vor)
This means an analog input voltage when the actual A-D conversion output data changes from
“0” to “1.”

O Full-scale transition voltage (Vrst)
This means an analog input voltage when the actual A-D conversion output data changes from
“1023" to “1022.”

O Non-linearity error
This means a deviation from the line between Vor and Vest of a converted value between Vor and
VEsT.

O Differential non-linearity error
This means a deviation from the input potential difference required to change a converted value
between Vor and Vest by 1 LSB of the 1 LSB at the relative accuracy.

e Absolute accuracy
This means a deviation from the ideal characteristics between 0 to Vrer of actual A-D conversion
characteristics.

Output data
Full-scale transition voltage (VFsT)
1023 [———————————————————— 7‘ fffffffffffffffffffff
1022 f————————— o
Differential non-linearity error= b%aa [LSB] j
. . _c .
Non-linearity error= — [LSB] b /

I a [/

Actual A-D conversion
characteristics ~__

a: 1LSB at relative accuracy !
b: Vn+1-Vn /
c: Difference between /

[
|

\

\

\

the ideal Vn and actual Vn ) !
/ \ |

[

. \

\

\

\

\

\

[

\

\

[

|

\

Ideal line of A-D
conversion between
Vo to V1022

Vn  Vn+1
- Vo V1 n n+ V1022 Analog voltage VREF
Zero transition voltage (Vo)

Fig. 3.2.14 Definition of A-D conversion accuracy

Vn: Analog input voltage when the output data changes from “n” to “n + 1" (n = 0 to 1022)

« 1 LSB at relative accuracy — _Vest — Vor_ (V)
1022
VRer
1 LSB at absolute accuracy - — \Y/
soi uracy 024 V)
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M37534M4-XXXFP A-D CONVERTER STEP WIDTH MEASUREMENT

*Vcc = 5 [V] «Zero transition voltage: 6.714 mV

*VREF = 5 [V] *Full-scale transition voltage: 4994.812 mV

*XIN = 6 [MHZ] «Differential non-linearity error: 1.373 mV (0.281 LSB)
*Temp. = 25 [°C] *Non-linearity error: —=5.201 mV (-1.066 LSB)

*CPU mode = double-speed mode

-2.44

-4.88

-7.32

732

4.88

244

0.00

1LSB WIDTH

ERROR

16 2 48 64 80 % 112 128 144 160 176 192 208 224 240
STEP

-2.44

-4.88

-7.32

732

488

244

0.00

256

272 288 304 320 336 352 368 384 400 416 432 448 464 480 4%
STEP

512

-2.44

-4.88

-7.32

732

4.88
244

0.00

528 544 560 576 592 608 624 640 656 672 683 704 720 736 752
STEP

768

-2.44

-4.88

-7.32

732

4.88

244

0.00

768

84 800 816 832 848 864 880 8% 912 928 944 960 976 992 1008
STEP

1024

Fig.

3.2.15 A-D conversion typical characteristic example
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3.3 Notes on use

3.3.1 Notes on interrupts

(1) Switching external interrupt detection edge
For the products able to switch the external interrupt detection edge, switch it as the following
sequence.

| Clear an interrupt enable bit to “0” (interrupt disabled)l
!

| Switch the detection edge |
!

Clear an interrupt request bit to “0”

(no interrupt request issued)

!

Set the interrupt enable bit to “1” (interrupt enabled) |

Fig. 3.3.1 Sequence of switch the detection edge

e Reason
The interrupt circuit recognizes the switching of the detection edge as the change of external input
signals. This may cause an unnecessary interrupt.

(2) Check of interrupt request bit
When executing the BBC or BBS instruction to an interrupt request bit of an interrupt request register
immediately after this bit is set to “0” by using a data transfer instruction, execute one or more
instructions before executing the BBC or BBS instruction.

e Reason
|Clear the interrupt request bit to “0” (no interrupt issued)| If the BBC or BBS instruction is executed
I immediately after an interrupt request bit of

an interrupt request register is cleared to
“0”, the value of the interrupt request bit
| before being cleared to “0” is read.

| NOP (one or more instructions) |
!
| Execute the BBC or BBS instruction

Data transfer instruction:
LDM, LDA, STA, STX, and STY instructions

Fig. 3.3.2 Sequence of check of interrupt request bit
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(3) Structure of interrupt control register 1
Fix the bit 7 of the interrupt control register 1 to “0". Figure 3.3.3 shows the structure of the interrupt
control register 1.

0 Interrupt control register 1 (address: 003E16)

| | | | | | | Interrupt enable bit
Not used (fix this bit to “0”)

Fig. 3.3.3 Structure of interrupt control register 1

3.3.2 Notes on serial I/O

(1) Handling of serial 1/O1 clear
When serial I/01 is set again or the transmit/receive operation is stopped/restarted while serial 1/01
is operating, clear the serial /01 as shown in Figure 3.3.4.

|SI01CON (address 1A1e6) bit 7, bit 6 ~ 102 | e Serial I/01 enabled
T

Handling of clear serial /01

I

|SI01CON (address 1A16) bit 7, bit 6 ~ 112 e Serial I/O1 cleared
|

[SI01CON (address 1A16) bit 7, bit 6 — 002
[

UARTCON (address 1B16)

BRG (address 1C16)

* Serial I/01 disabled

:I - Set again (Note) | | * Serial I/O1 register set again

I
SIO1CON (address 1A16) ~ 1000 2
Set again (Note)

* Serial I/01 enabled

Note: When the contents of register is not changed, setting again is not necessary.

Fig. 3.3.4 Sequence of clearing serial I/O

(2) Data transmission control with referring to transmit shift register completion flag
The transmit shift register completion flag changes from “1” to “0” with a delay of 0.5 to 1.5 shift
clocks. When data transmission is controlled with referring to the flag after writing the data to the
transmit buffer register, note the delay.

(3) Writing transmit data
When an external clock is used as the synchronous clock for the clock synchronous serial 1/0O, write
the transmit data to the transmit buffer register (serial I/O shift register) at “H” of the transfer clock
input level.

3-18 7534 Group User’'s Manual



APPENDIX

3.3 Notes on use

(4) Serial 1/02 transmit/receive shift completion flag

*The transmit/receive shift completion flag of the serial 1/02 control register is set to “1” after completing
transmit/receive shift. In order to set this flag to “0”, write data (dummy data at reception) to the
serial 1/02 register by program.

*Bit 7 of the serial 1/02 control register is set to “1” a half cycle (of the shift clock) earlier than
completion of shift operation. Accordingly, when using this bit to confirm shift completion, a half
cycle or more of the shift clock must pass after confirming that this bit is set to “1”, before performing
read/write to the serial 1/02 register.

3.3.3 Notes on A-D converter

(1) Analog input pin
Make the signal source impedance for analog input low, or equip an analog input pin with an external
capacitor of 0.01uF to 1uF. Further, be sure to verify the operation of application products on the
user side.

e Reason
An analog input pin includes the capacitor for analog voltage comparison. Accordingly, when
signals from signal source with high impedance are input to an analog input pin, charge and
discharge noise generates. This may cause the A-D conversion precision to be worse.

(2) Clock frequency during A-D conversion
The comparator consists of a capacity coupling, and a charge of the capacity will be lost if the clock
frequency is too low. Thus, make sure the following during an A-D conversion.
« f(XIN) is 500 kHz or more
* Do not execute the STP instruction

3.3.4 Notes on RESET pin

(1) Connecting capacitor
In case where the RESET signal rise time is long, connect a ceramic capacitor or others across the
RESET pin and the Vss pin. And use a 1000 pF or more capacitor for high frequency use. When
connecting the capacitor, note the following :
« Make the length of the wiring which is connected to a capacitor as short as possible.
« Be sure to verify the operation of application products on the user side.

e Reason
If the several nanosecond or several ten nanosecond impulse noise enters the RESET pin, it may
cause a microcomputer failure.
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3.3.5 Notes on input and output pins

(1) Notes in stand-by state

In stand-by state*! for low-power dissipation, do not make input levels of an input port and an 1/0O
port “undefined”.

Pull-up (connect the port to Vcc) or pull-down (connect the port to Vss) these ports through a
resistor.

When determining a resistance value, note the following points:

« External circuit

e Variation of output levels during the ordinary operation

When using built-in pull-up or pull-down resistor, note on varied current values:
« When setting as an input port : Fix its input level
* When setting as an output port : Prevent current from flowing out to external

e Reason
The potential which is input to the input buffer in a microcomputer is unstable in the state that input
levels of a input port and an I/O port are “undefined”. This may cause power source current.

*1 stand-by state : the stop mode by executing the STP instruction
the wait mode by executing the WIT instruction

(2) Modifying output data with bit managing instruction

When the port latch of an 1/O port is modified with the bit managing instruction*2, the value of the
unspecified bit may be changed.

e Reason
The bit managing instructions are read-modify-write form instructions for reading and writing data
by a byte unit. Accordingly, when these instructions are executed on a bit of the port latch of an
I/0 port, the following is executed to all bits of the port latch.
» As for a bit which is set for an input port :
The pin state is read in the CPU, and is written to this bit after bit managing.
» As for a bit which is set for an output port :
The bit value of the port latch is read in the CPU, and is written to this bit after bit managing.

Note the following :

e Even when a port which is set as an output port is changed for an input port, its port latch holds
the output data.

« As for a bit of the port latch which is set for an input port, its value may be changed even when
not specified with a bit managing instruction in case where the pin state differs from its port latch
contents.

*2 bit managing instructions : SEB, and CLB instructions
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3.3.6 Notes on programming

(1) Processor status register

O Initializing of processor status register
Flags which affect program execution must be initialized after a reset.
In particular, it is essential to initialize the T and D flags because they have an important effect
on calculations.

e Reason
After a reset, the contents of the processor status register (PS) are undefined except for the |
flag which is “1”.

C Reset )

!

| Initializing of flags |
!

| Main program |

Fig. 3.3.5 Initialization of processor status register

O How to reference the processor status register
To reference the contents of the processor status register (PS), execute the PHP instruction once
then read the contents of (S+1). If necessary, execute the PLP instruction to return the PS to its
original status.
A NOP instruction should be executed after every PLP instruction.

/_\_/
(PLP instruction execution) (S)
l
NOP (S)+1 Stored PS
/_\—/

Fig. 3.3.6 Sequence of PLP instruction execution Fig. 3.3.7 Stack memory contents after PHP
instruction execution
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(2) Decimal calculations

O Execution of decimal calculations
The ADC and SBC are the only instructions which will yield proper decimal notation, set the
decimal mode flag (D) to “1” with the SED instruction. After executing the ADC or SBC instruction,
execute another instruction before executing the SEC, CLC, or CLD instruction.

O Notes on status flag in decimal mode
When decimal mode is selected, the values of three of the flags in the status register (the N, V,
and Z flags) are invalid after a ADC or SBC instruction is executed.
The carry flag (C) is set to “1” if a carry is generated as a result of the calculation, or is cleared
to “0” if a borrow is generated. To determine whether a calculation has generated a carry, the C
flag must be initialized to “0” before each calculation. To check for a borrow, the C flag must be
initialized to “1” before each calculation.

( Set D flag to “1” )

!
ADC or SBC instruction
|
NOP instruction
|
SEC, CLC, or CLD instruction

Fig. 3.3.8 Status flag at decimal calculations

(3) JMP instruction
When using the JMP instruction in indirect addressing mode, do not specify the last address on a
page as an indirect address.
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3.3.7 Programming and test of built-in PROM version

As for in the One Time PROM version (shipped in blank), its built-in PROM can be read or programmed
with a general-purpose PROM programmer using a special programming adapter.

The programming test and screening for PROM of the One Time PROM version (shipped in blank) are not
performed in the assembly process and the following processes. To ensure reliability after programming,
performing programming and test according to the Figure 3.3.9 before actual use are recommended.

Programming with PROM programmer

L

Screening (Caution)
(Leave at 150 °C for 40 hours)

L

Verification with PROM programmer

\U/ Caution: The screening temperature is far higher than the
storage temperature. Never expose to 150 °C
Functional check in target device exceeding 100 hours.

Fig. 3.3.9 Programming and testing of One Time PROM version
3.3.8 Notes on built-in PROM version

(1) Programming adapter
Use a special programming adapter shown in Table 3.3.1 and a general-purpose PROM programmer
when reading from or programming to the built-in PROM in the built-in PROM version.

Table 3.3.1 Programming adapters

Microcomputer Programming adapter
M37534E8GP (One Time PROM version shipped in blank) PCA7435GP, PCA7435GP02
M37534E8SP (One Time PROM version shipped in blank) PCA7435SP, PCA7435SP02
M37534E8FP (One Time PROM version shipped in blank) PCA7435FP, PCA7435FP02
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(2) Programming/reading
In PROM mode, operation is the same as that of the M5M27C101AK, but programming conditions
of PROM programmer are not set automatically because there are no internal device ID codes.
Accurately set the following conditions for data programming /reading. Take care not to apply 21 V
to Vpp pin (is also used as the CNVss pin), or the product may be permanently damaged.
* Programming voltage: 12.5 V
« Setting of PROM programmer switch: refer to Table 3.3.2.

Table 3.3.2 PROM programmer address setting

Product name format PROM programmer PROM programmer
start address end address
M37534E8GP Address OE08016 (Note 1) Address OFFFD16 (Note 1)
M37534E8SP Address 0C08016 (Note 2) Address OFFFD16 (Note 2)
M37534E8FP

Notes 1: Addersses E08016 to FFFD16 in the built-in PROM corresponds to addresses 0E08016 to OFFFD16
in the PROM programmer.

2: Addersses C08016 to FFFD16 in the built-in PROM corresponds to addresses 0C08016 to OFFFD16
in the PROM programmer.
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3.3.9 Termination of unused pins
(1) Terminate unused pins
0 Output ports : Open

O Input ports :
Connect each pin to Vcc or Vss through each resistor of 1 kQ to 10 kQ.
Ports that permit the selecting of a built-in pull-up resistor can also use this resistor. As for pins
whose potential affects to operation modes such as pins CNVss, INT or others, select the Vcc pin
or the Vss pin according to their operation mode.

O I/O ports :

e Set the 1/O ports for the input mode and connect them to Vcc or Vss through each resistor of
1 kQ to 10 kQ.

Ports that permit the selecting of a built-in pull-up resistor can also use this resistor. Set the I/
O ports for the output mode and open them at “L” or “H".

* When opening them in the output mode, the input mode of the initial status remains until the
mode of the ports is switched over to the output mode by the program after reset. Thus, the
potential at these pins is undefined and the power source current may increase in the input
mode. With regard to an effects on the system, thoroughly perform system evaluation on the user
side.

« Since the direction register setup may be changed because of a program runaway or noise, set
direction registers by program periodically to increase the reliability of program.

(2) Termination remarks

O Input ports and 1/O ports :
Do not open in the input mode.

e Reason
« The power source current may increase depending on the first-stage circuit.
« An effect due to noise may be easily produced as compared with proper termination O and
O shown on the above.

O I/O ports :
When setting for the input mode, do not connect to Vcc or Vss directly.

e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between a port and Vcc (or Vss).

O I/O ports :
When setting for the input mode, do not connect multiple ports in a lump to Vcc or Vss through
a resistor.

e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between ports.

At the termination of unused pins, perform wiring at the shortest possible distance (20 mm or less)
from microcomputer pins.
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3.3.10 Notes on CPU mode register

(1) Switching method of CPU mode register after releasing reset

Switch the CPU mode register (CPUM) at the head of program after releasing reset in the following
method.

C After releasing reset ) Start with a built-in ring oscillator ( Note)
\

Wait until ceramic oscillator clock is
stabilized.

Switch the clock division ratio Switch to other mode except a ring oscillator
selection bits (bits 6 and 7 of CPUM) | (Select one of 1/1, 1/2, and 1/8)

v

Main routine

Note. After releasing reset the operation starts by starting a ring oscillator automatically.
Do not use a ring oscillator at ordinary operation.

Fig. 3.3.10 Switching method of CPU mode register

3.3.11 Notes on using 32-pin version

« Do not change the P35, P36 pull-up control bit of the pull-up control register from the initial value “1".
» Do not write to “1” to the serial I/O1 or INT1 interrupt selection bit of the interrupt edge selection register.
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3.4 Countermeasures against noise

3.4.1 Shortest wiring length

(1) Package

Select the smallest possible package to make the total wiring length short.

e Reason

The wiring length depends on a microcomputer package. Use of a small package, for example
QFP and not DIP, makes the total wiring length short to reduce influence of noise.

aonoononnnn

DIP

guouguuung

SDIP

SOP

QFP

nnn

nnnon

ooooo

Fig. 3.4.1 Selection of packages

(2) Wiring for RESET pin
Make the length of wiring which is connected to the RESET pin as short as possible. Especially,
connect a capacitor across the RESET pin and the Vss pin with the shortest possible wiring (within
20mm).

e Reason

The width of a pulse input into the RESET pin is determined by the timing necessary conditions.
If noise having a shorter pulse width than the standard is input to the RESET pin, the reset is
released before the internal state of the microcomputer is completely initialized. This may cause

a program runaway.

Reset
circuit

Vss

Noise
f 4
‘ RESET
Vss
N.G.
S
Reset__
circuit | RESET
Vss"T Vss
O.K.

Fig. 3.4.2 Wiring for the RESET pin
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(3) Wiring for clock input/output pins
* Make the length of wiring which is connected to clock I/O pins as short as possible.
* Make the length of wiring (within 20mm) across the grounding lead of a capacitor which is connected
to an oscillator and the Vss pin of a microcomputer as short as possible.
» Separate the Vss pattern only for oscillation from other Vss patterns.

e Reason
If noise enters clock I/O pins, clock waveforms may be deformed. This may cause a program
failure or program runaway. Also, if a potential difference is caused by the noise between the Vss
level of a microcomputer and the Vss level of an oscillator, the correct clock will not be input in
the microcomputer.

Noise
] U
H—— XIN XN
= =
I+ XouT HXout
Vss Vss
N.G. O.K.

Fig. 3.4.3 Wiring for clock I/O pins

(4) Wiring to CNVss pin
Connect the CNVss pin to the Vss pin with the shortest possible wiring.

e Reason
The processor mode of a microcomputer is influenced by a potential at the CNVss pin. If a
potential difference is caused by the noise between pins CNVss and Vss, the processor mode may
become unstable. This may cause a microcomputer malfunction or a program runaway.

Noise
— —
CNVss é CNVss

Vss Vss

N.G. O.K.

Fig. 3.4.4 Wiring for CNVss pin
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(5) Wiring to Vpp pin of One Time PROM version
Connect an approximately 5 kQ resistor to the VPP pin the shortest possible in series and also to the
Vss pin. When not connecting the resistor, make the length of wiring between the Vpp pin and the
Vss pin the shortest possible.

Note: Even when a circuit which included an approximately 5 kQ resistor is used in the Mask ROM
version, the microcomputer operates correctly.

e Reason
The VPP pin of the One Time PROM is the power source input pin for the built-in PROM. When
programming in the built-in PROM, the impedance of the VPP pin is low to allow the electric current
for writing flow into the PROM. Because of this, noise can enter easily. If noise enters the VPP pin,
abnormal instruction codes or data are read from the built-in PROM, which may cause a program
runaway.

Approximately
5kQ

CNVss/Vrp

Vss :[7

In the shortest
distance

Fig. 3.4.5 Wiring for the VPP pin of the One Time PROM

3.4.2 Connection of bypass capacitor across Vss line and Vcc line

Connect an approximately 1.0 uF bypass capacitor across the Vss line and the Vcc line as follows:
e Connect a bypass capacitor across the Vss pin and the Vcc pin at equal length.

e Connect a bypass capacitor across the Vss pin and the Vcc pin with the shortest possible wiring.
* Use lines with a larger diameter than other signal lines for Vss line and Vcc line.

e Connect the power source wiring via a bypass capacitor to the Vss pin and the Vcc pin.

st =I\VIS Vce
" =l
7| 7

e Vss Vss

N.G. O.K.

Fig. 3.4.6 Bypass capacitor across the Vss line and the Vcc line
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3.4.3 Wiring to analog input pins

« Connect an approximately 100 Q to 1 kQ resistor to an analog signal line which is connected to an analog
input pin in series. Besides, connect the resistor to the microcomputer as close as possible.

e Connect an approximately 1000 pF capacitor across the Vss pin and the analog input pin. Besides,
connect the capacitor to the Vss pin as close as possible. Also, connect the capacitor across the analog
input pin and the Vss pin at equal length.

e Reason

Signals which is input in an analog input pin (such as an A-D converter/comparator input pin) are
usually output signals from sensor. The sensor which detects a change of event is installed far from
the printed circuit board with a microcomputer, the wiring to an analog input pin is longer necessarily.
This long wiring functions as an antenna which feeds noise into the microcomputer, which causes
noise to an analog input pin.

If a capacitor between an analog input pin and the Vss pin is grounded at a position far away from
the Vss pin, noise on the GND line may enter a microcomputer through the capacitor.

Noise
(Note)
Microcomputer
4 . +— AN, 4 Analog
Thermistorl l input pin
’ 7—7|; N.G O.K. I
747 Vss

Note : The resistor is used for dividing
resistance with a thermistor.

Fig. 3.4.7 Analog signal line and a resistor and a capacitor

3.4.4 Oscillator concerns
Take care to prevent an oscillator that generates clocks for a microcomputer operation from being affected
by other signals.

(1) Keeping oscillator away from large current signal lines
Install a microcomputer (and especially an oscillator) as far as possible from signal lines where a
current larger than the tolerance of current value flows.

e Reason
In the system using a microcomputer, there are signal lines for controlling motors, LEDs, and
thermal heads or others. When a large current flows through those signal lines, strong noise
occurs because of mutual inductance.

’ Microcomputer
. ]
Mutual inductance

Mz%

Large | XN
current | —1F-[Xout
—Vss
GND

Fig. 3.4.8 Wiring for a large current signal line
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(2) Installing oscillator away from signal lines where potential levels change frequently
Install an oscillator and a connecting pattern of an oscillator away from signal lines where potential
levels change frequently. Also, do not cross such signal lines over the clock lines or the signal lines
which are sensitive to noise.

e Reason
Signal lines where potential levels change frequently (such as the CNTR pin signal line) may affect
other lines at signal rising edge or falling edge. If such lines cross over a clock line, clock waveforms
may be deformed, which causes a microcomputer failure or a program runaway.

o
N.G.

Do not cross CNTR
HZ X
H—+—Xout

,J7 Vss
\J

Fig. 3.4.9 Wiring of signal lines where potential levels change frequently

(3) Oscillator protection using Vss pattern
As for a two-sided printed circuit board, print a Vss pattern on the underside (soldering side) of the
position (on the component side) where an oscillator is mounted.
Connect the Vss pattern to the microcomputer Vss pin with the shortest possible wiring. Besides,
separate this Vss pattern from other Vss patterns.

An example of Vss patterns on the
underside of a printed circuit board

—

Oscillator wiring
pattern example

XIN
Xout
Vss

Separate the Vss line for oscillation from other Vss lines

Eig. 3.4.10 Vss pattern on the underside of an oscillator
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3.4.5 Setup for I/O ports
Setup 1/O ports using hardware and software as follows:

<Hardware>
e Connect a resistor of 100 Q or more to an I/O port in series.

<Software>
» As for an input port, read data several times by a program for checking whether input levels are
equal or not.
» As for an output port, since the output data may reverse because of noise, rewrite data to its port
latch at fixed periods.
» Rewrite data to direction registers and pull-up control registers at fixed periods.

Note: When a direction register is set for input port again at fixed periods, a several-nanosecond short pulse
may be output from this port. If this is undesirable, connect a capacitor to this port to remove the noise
pulse.

Noise
Data bus SANN,
™
N.G. E
Port latch —r
1/O port
pins

Fig. 3.4.11 Setup for I/O ports
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3.4.6 Providing of watchdog timer function by software

If a microcomputer runs away because of noise or others, it can be detected by a software watchdog timer
and the microcomputer can be reset to normal operation. This is equal to or more effective than program
runaway detection by a hardware watchdog timer. The following shows an example of a watchdog timer
provided by software.

In the following example, to reset a microcomputer to normal operation, the main routine detects errors of
the interrupt processing routine and the interrupt processing routine detects errors of the main routine.
This example assumes that interrupt processing is repeated multiple times in a single main routine processing.

<The main routine>

» Assigns a single byte of RAM to a software watchdog timer (SWDT) and writes the initial value
N in the SWDT once at each execution of the main routine. The initial value N should satisfy the
following condition:
N+1 = (Counts of interrupt processing executed in each main routine)
As the main routine execution cycle may change because of an interrupt processing or others,
the initial value N should have a margin.

» Watches the operation of the interrupt processing routine by comparing the SWDT contents with
counts of interrupt processing after the initial value N has been set.

» Detects that the interrupt processing routine has failed and determines to branch to the program
initialization routine for recovery processing in the following case:
If the SWDT contents do not change after interrupt processing.

<The interrupt processing routine>

* Decrements the SWDT contents by 1 at each interrupt processing.

* Determines that the main routine operates normally when the SWDT contents are reset to the
initial value N at almost fixed cycles (at the fixed interrupt processing count).

» Detects that the main routine has failed and determines to branch to the program initialization
routine for recovery processing in the following case:
If the SWDT contents are not initialized to the initial value N but continued to decrement and if
they reach 0 or less.

(' Main routine ) Qnterruptprocessing routine)
(SWDT) ~ N

l(swbT) — (swDT)—1|

| Interrupt processing |

Main processing

Return

Interrupt processing Main routine
routine errors errors

Fig. 3.4.12 Watchdog timer by software
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3.5 List of registers

Port Pi

b7 b6 b5 b4 b3 b2 bl b0

Port Pi (Pi) (i=0to 4) [Address : 00 16, 0216, 0416, 0616, 0816]

: Port Pi7 output mode

I I I I I I I I
| | | | | | | | .
B Name Function Atreset| R [w
i i i i i i i 0 [Port Pio * In output mode ? 19]©
[ N A Write }
Corn o Lo |1 |PortPis Read Port latch 5 |olo
N - * Ininput mode
A T T R S 2 | Port Piz Write : Port latch ? 19|©
I Read : Value of pins
T S 3 | Port Pi3 2 |O|O
| | | |
| | | |
T R 4 |Port Pia 2 |of|o
| | |
| | |
o] 5 | Port Pis ?2 10|10
| |
| |
} L 6 | Port Pis 2 |O|O
|
L 7 | Port Piz ? |O|O
Note: The following ports do not exist, so that the corresponding bits are not used.

 42-pin version: Ports P17, P42—P47

« 36-pin version: Ports P15-P17, P36, P40-P47

 32-pin version: Ports P15-P17, P26, P27, P35-P37, P40—P47

Fig. 3.5.1 Structure of Port Pi (i = 0 to 4)
Port Pi direction register
b7 b6 b5 b4 b3 b2 bl b0
Port Pi direction register (PiD) (i = 0 to 4) [Address : 01 16, 0316, 0516, 0716, 0916]
I I I I I I I I
| .
i i i i i | i i B Name Function Atreset| R [W
L1 L1 1| Lo [Port Pidirection register 0 : Port Pioinput mode o [o]o
[ 1 : Port Pio output mode
| [ |

S L777 1 0 : Port Pizinput mode o |olo
A o 1 : Port Pi1 output mode
TR ] 2 0 : Port Piz input mode o |olo
b [ 1 : Port Piz output mode
Lol Lo __ 3 0: Port P@s input mode o |olo
A | 1: Port Piz output mode
N N 4 0: Port P@4input mode o |olo
. | 1 : Port Pi4 output mode
N 5 0 : Port Pisinput mode o |olo
} } [ | 1 : Port Pis output mode
} L 777777777777777 6 0: Port P@s input mode o |olo
| - 1 : Port Pis output mode
L 7 2 : Port Piz input mode o |olo

Note: The following ports do not exist, so that the corresponding bits are not used.

* 42-pin version: Ports P17, P42—-P47
« 36-pin version: Ports P15—P17, P36, P40-P47

» 32-pin version: Ports P15—-P17, P26, P27, P35-P37, P40—P47

Fig. 3.5.2 Structure of Port Pi direction register (i = 0 to 4)
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Pull-up control register
b7 b6 b5 b4 b3 b2 bl b0
Pull-up control register (PULL) [Address : 16 1¢]
I I I I I I I I
i i i i i i i i B Name Function Atreset| R [W
L1 L0 | POo pull-up control bit 0 : Pull-up Off 1 |[o]o
[ 1: Pull-up On
| | | | | | |
1111 1L _|1 [PO1pull-up control bit 0 : Pull-up Off 1 |o|o
A 1 : Pull-up On
T 2 | POz, PO3 pull-up control bit 0 : Pull-up Off 1 |o]o
} } } } } 1: Pull-up On
T T I 3 [ P04 — PO7 pull-up control bit [0 : Pull-up Off 1 lolo
b 1: Pull-up On
A N S 4 [P30— P33 pull-up control bit |0 : Pull-up Off 1 |lolo
. 1: Pull-up On
Lo ] 5 | P34 pull-up control bit 0 : Pull-up Off 1 |olo
I 1: Pull-up On
} L 777777777777777 6 | P35, P36 pull-up control bit 0 : Pull-up Off 1 |olo
| (Note 2) 1 : Pull-up On
L 7 | P37 pull-up control bit 0 : Pull-up Off 1 |olo
(Note 3) 1: Pull-up On
Notes 1: Pins set to output are disconnected from the pull-up control.
2: « 36-pin version: P36 is not existed.
* 32-pin version: Not used.
3: 32-pin version: Not used.
Fig. 3.5.3 Structure of Pull-up control register
Port P1P3 control register
b7 b6 b5 b4 b3 b2 bl b0
Port P1P3 control register (P1P3C) [Address : 17 1¢]
I I I
i i i i i i i i B Name Function Atreset| R |W
11 1 111 L]0 |P37INToinput level selection |0 : CMOS level o lolo
} } } } } } } bit (Note 1) 1:TTL level
} } } } } } I ___|1 |P36/INTz1 input level selection |0 : CMOS level 0 |O|O
N bit (Note 2) 1:TTL level
|
oo L 2 [P1o, P12,P13 input level 0 : CMOS level o lolo
b selection bit 1:TTL level
| | | | |
A st 3 | Nothing is allocated for these bits. These are write disabled bits. 0 |O|O
[ T T || When these bits are read out, the values are “0".
TR 4 0 |o|D
| | |
| | | —
] 5 0o |ofo
| |
i L ,,,,,,,,,,,,,,, 6 0 |0O|0O
| _—
b 7 0o [o|o
Notes 1: For the 32-pin version, nothing is allocated for this bit.
This is a write disabled bit.
When this bit is read out, the value is “0”.
2: For the 32-pin and 36-pin versions, nothing is allocated for this bit.
This is a write disabled bit.
When this bit is read out, the value is “0”.

Fig. 3.5.4 Structure of Port

P1P3 control register

7534 Group User’'s Manual 3-35



APPENDIX

3.5 List of registers

Transmit/Receive buffer register

b7 b6 b5 b4 b3 b2 bl b0

Transmit/Receive buffer register (TB/RB) [Address : 18 16]

I I I I I I I I
| | | | | | | |
A B Function At reset W
B i o The transmission data is written to or the receive data is read out ? o
ol —{ from this buffer register.
T I L___|1 |« Atwriting: A data is written to the transmit buffer register. ? O
B | ||+ At reading: The contents of the receive buffer register are read
o 2 o 7 1°1°
| | | | | |
L] " [°]°
| | | | —
e : " 1o
| | | —
i i R —— 5 ? o
A O > [o[o
‘ —
b 7 2 o
Note: The contents of transmit buffer register cannot be read out.
The data cannot be written to the receive buffer register.
Fig. 3.5.5 Structure of Transmit/Receive buffer register
UART status register
b7 b6 b5 b4 b3 b2 bl b0
UART status register (UARTSTS) [Address : 19 16]
I I I I I I I
BEEE R - — Funcion e [Rw
o b1 Lo [ Transmit buffer empty flag 0 : Buffer full 1 0
ol (TBE) 1 : Buffer empty
L1 Lo |1 |Receive buffer full flag (RBF) | O : Buffer empty 0 O
N 1 : Buffer full
TR ] 2 | Transmit shift register shift 0 : Transmit shift in progress 0 0
I completion flag (TSC) 1 : Transmit shift completed
(T T R SO 3 | Overrun error flag (OE) 0: No error 0 0
oo 1 : Overrun error
R T SO 4 | Parity error flag (PE) 0: No error 0 ]
} } } 1 : Parity error
TR ——— 5 [Framing error flag (FE) 0 : No error 0 0
[ 1 : Framing error
| | . —
} \ 6 | Summing error flag (SE) 0: (OE) O (PE) O (FE)=0 0 0
| 1: (OE) O(PE) O (FE)=1
b 7 | Nothing is allocated for this bit. This is a write disabled bit. 1 ]
When this bit is read out, the value is “1".

Fig. 3.5.6 Structure of UART status register
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Refer to “Figure 2.4.6 Description of register structure” for registers relevant to USB.

b6

USB status register (USBSTS) [Address 19 16]
b7

b5 b4 b3 b2 bl bO

|RxRDY| SUMElBSTFEl PIDE | CRCElFEOPEl EOP |TxRDY|

CPU | CPU | HW | HIW
Initial value 0 0 0 0 RD |WR [ RD |WR
+ . [Transmit buffer 0: Buffer full Ena- Set/
H H H H H H H empty flag 1: Buffer empty ble Clear
This bit is set to “1” when data is transferred from buffer to shift register by hardware.
' ' ' ' ' ' ' This bit is cleared to “0” by writing to buffer.
. EOP detection flag | 0: Not detected Ena- |Clear Set
H H H ' i i 1: Detect ble
E E E E E E Setting condition of this flag to “1” is as follows;
! ! ! ! ! ! * Normal EOP detected by hardware
. . , , , , * False EOP flag (FEOPE) set
« Time is out with EOP not detected at data phase or handshake phase
! ! ! ! ! ! This bit is cleared to “0” by writing dummy to this register.
. False EOP error flag | 0: No error Ena- |Clear Set
! ! ! ! ! 1: False EOP error ble
This bit is set to “1” when the phase is not completed normally.
! ! ! ! ! This bit is cleared to “0” by writing dummy to this register.
] CRC error flag 0: No error Ena- |Clear Set
! ! ! ! 1: CRC error ble
This bit is set to “1” when the CRC error occurs at the same timing of EOP detection
1 1 1 1 flag.
H H H H This bit is to “0” cleared by writing dummy to this register.
R PID error flag 0: No error Ena- |Clear Set
! ! ! 1: PID error ble
Setting condition of this flag to “1” is as follows;
' ' ' * PID of DATAO or DATAL cannot be detected at data phase after OUT or SETUP
! ! ! token
, , , « ACK PID cannot be received at handshake phase during IN transaction.
This bit is cleared to “0” by writing dummy to this register.
R Bit stuffing error flag | 0: No error Ena- [Clear Set
' ' 1: Bit stuffing error ble
This bit is set to “1” when bit stuffing error occurs at data phase or handshake phase.
' ' This bit is cleared to “0” by writing dummy to this register.
. R Summing error flag | 0: No error Ena- |Clear Set
1: Summing error ble
. This bit is set to “1” when any error of FEOPE, CRCE, PIDE, or BSTFE occurs.
' This bit is cleared to “0” by writing dummy to this register.
e e e e e e e e n Receive buffer full 0: Buffer empty Ena- Set/
flag 1: Buffer full ble Clear
This bit is set to “1” when data is transferred from shift register to buffer by hardware.
This bit is cleared to “0” by reading from buffer.
Fig. 3.5.7 Structure of USB status register
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Serial /01 control reqister
b7 b6 b5 b4 b3 b2 bl b0

Serial I/01 control register (SIO1CON) [Address : 1A 16]

I I I I I I
EERRRRE Funcion e
bbb 1o [BRG count source 0 : f(XIN) 0 o)
e selection bit (CSS) 1 :f(XiN)/4
A — Nothing is allocated for this bit. This is a write disabled bit. 1 0
[ T R B T When this bit is read out, the value is “1”.
| " . N
o L 2 | Continuous transmit valid bit | 0 : Continuous transmit invalid 0 ¢)
oo 1 : Continuous transmit valid
T T 3 | Transmit interrupt 0 : Interrupt when transmit buffer 0 e)
A S T source selection bit (TIC) has emptied
b 1 : Interrupt when transmit shift
TR operation is completed
| | | | - A
A 4 | Transmit enable bit (TE) 0 : Transmit disabled 0 o
. 1: Transmit enabled
e 5 | Receive enable bit (RE) 0 : Receive disabled 0 ©)
Lo 1: Receive enabled
| 1 7777777777777777 6 |Serial /01 enable bit b7 b6 0 O
} (SIOE) 0 0:1/0 port
} — 0 1:Not available
L 7 1 0:UART mode 0 o)
1 1:USB mode
Fig. 3.5.8 Structure of Serial I/0O1 control register
UART control reqister
b7 b6 b5 b4 b3 b2 bl b0
UART control register (UARTCON) [Address : 1B 16]
I I I I I

RERRREE Funcion e
L1 g [Character length 0 : 8 bits 0 o
} } } } } } } selection bit (CHAS) 1:7 bits
A . Parity enable bit 0 : Parity checking disabled 0 o)
[ N (PARE) 1 : Parity checking enabled
AR > | Parity selection bit 0 : Even parity 0 o
TR (PARS) 1 : Odd parity
A 3 | Stop bit length selection 0: 1 stop bit 0 o
T bit (STPS) 1 : 2 stop bits
N 4 | P11/TxD P-channel Ion ocl:ﬁgtsmo?e X 0 )
N N N S : ; : outpu
b output disable bit 1 : N-channel open-drain
R (POFF) output
| | |
Do 5 | Nothing is allocated for these bits. These are write disabled bits. 1 O
Lo || When these bits are read out, the values are “1”.
i e — 6 1 O
b 7 1 O

Fig. 3.5.9 Structure of UART control register

3-38

7534 Group User’'s Manual




APPENDIX

3.5 List of registers

Baud rate generator
b7 b6 b5 b4 b3 b2 bl b0

Baud rate generator (BRG) [Address : 1C 16]

I I I I I T I I

i i i i i i i i B Function Atreset| R |W
i i i i i i i L]0 | set a count value of baud rate generator. ? [9]C
ERRRRRN
| | | | | |

SRR o
[ N T B ||

R TP
| | | | | —

i i i L 4 2 |ofo
| | | —

i i L] 5 ? |O|O
R S 6 | 2 |olo
| —

Lo 7 2 |olo

Fig. 3.5.10 Structure of Baud rate generator

Refer to “Figure 2.4.6 Description of register structure” for registers relevant to USB.

USB data toggle synchronization register (TRSYNC) [Address 1D 16]
b7 b6 b5 b4 b3 b2 bl boO

[saret] | | | | | | | CPU [ CPU [ HW [ HW
Initial value 0 RD [WR | RD [WR
e e Sequence bit toggle | 0: No toggle Ena- |Clear Set

flag 1: Sequence toggle ble

Setting condition of this flag to “1” is as follows;

* Setting of handshake for OUT token in EPOPID is ACK, toggle of data PID is
performed normally, and errors do not occur at data phase during OUT and
SETUP transaction.

* When ACK is received during IN transaction.

This bit is cleared to “0” by writing dummy to this register.

Fig. 3.5.11 Structure of USB data toggle synchronization register

USB interrupt source discrimination register 1 (USBIR1) [Address 1E 16]
b7 b6 b5 b4 b3 b2 bl bo

[ reer] | | | | | | | CPU[CPU [ HW [HW
Initial value 0 RD WR RD |WR
e Endpoint 0: Endpoint 0 interrupt Ena- Set/
determination flag 1: Endpoint 1 interrupt ble Clear

This flag is set to “1” when IN token interrupt of endpoint 1 occurs.
This flag is cleared to “0” when IN token interrupt of endpoint 0 occurs.
Writing to this bit is invalid. Do not write “1” to bits O to 6.

Fig. 3.5.12 Structure of USB interrupt source discrimination register 1
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Refer to “Figure 2.4.6 Description of register structure” for registers relevant to USB.

USB interrupt source discrimination register 2 (USBIR2) [Address 1F 16]
b7 b6 b5 b4 b3 b2 bl b0

[Rxeio] opio | | [rsTRe] sPro] | | CPU [ CPU [ H/W | H/W
Initial value 0 1 0 0 RD WR RD | WR
. Suspend request flag | 0: No request Ena-|Clear Set

1: Suspend request ble

Suspend request is set to “1” when system enters to state J for 3 ms or more.
Suspend request is cleared to “0” by writing dummy to this register.

-------------------- USB reset request 0: No request Ena- Set/
flag 1: Reset request ble Clear

USB reset request is set to “1” when the SEO signal is input for 2.5 ps or more.
USB reset request is cleared to “0” when the SEO signal is stopped.

-------------------------------------- Token PID 0: SETUP interrupt Ena- Set/
determination flag 1: OUT interrupt ble Clear

This flag is set to “1” during no SETUP transaction.
This flag is cleared to “0” when PID of SETUP is detected.

------------------------------------------- Token interrupt flag | 0: No request Ena- Set/
1: OUT/SETUP token request ble Clear

This flag is set to “1” when OUT or SETUP interrupt occurs.
This flag is cleared to “0” after the end of transaction.

Fig. 3.5.13 Structure of USB interrupt source discrimination register 2

USB interrupt control register (USBICON) [Address 20 16]
b7 b6 b5 b4 b3 b2 bl b

This flag is invalid in suspend mode (USB reset is always valid in suspend mode).

[usse | Tkne [ Rswe] rsTe | epae | | | | CPU [ CPU [ HW [HW
Initial value 0 0 0 0 RD |WR | RD |WR
R S Endpoint 1 enable | 0: Endpoint 1 invalid Ena-|Sev |Use
: 1 1: Endpoint 1 valid ble [Clear
E LT EEEEEEEEa USB reset interrupt | 0:USB reset invalid Ena-|Set/ |Use
! enable 1:USB reset valid ble [Clear

------------------------------- Resume interrupt 0: Resumue invalid Ena-|Set/ [Use
enable 1: Resume valid ble [Clear

------------------------------------- Token interrupt 0:Token invalid Ena-|Set/ [Use
enable 1:Token valid ble |[Clear

------------------------------------------ USB enable flag 0:USB invalid Ena-(Set/ [Use
1:USB valid ble |[Clear

The internal state can be initialized by clearing this flag to “0".

The initial values of registers are as follows;

« USB status register [address 19 16] = (0116)

» USB data toggle synchronization register [address 1D 16] = (7F16)

» USB interrupt source discrimination register 1 [address 1E 16] = (7F16)

* Bits 7, 6 and 2 of USB interrupt source discrimination register 2 [address 1F 16]
= (00xxx0xx2)

Fig. 3.5.14 Structure of USB interrupt control register
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Refer to “Figure 2.4.6 Description of register structure” for registers relevant to USB.

USB transmit data byte number set register 0 (EPOBYTE) [Address 21 16]

b7 b6 b5 b4 b3 b2 bl bo
[0 JoJo]ol] EPOBYTE | CPU | CPU | AW | AW
Initial value 0 0 0 0 RD [WR | RD |WR
:______;______:_____:___ _ Set the number of data byte for Ena- [Set/ | Use
transmitting with endpoint 0 ble |Clear
Fig. 3.5.15 Structure of USB transmit data byte number set register O
USB transmit data byte number set register 1 (EP1BYTE) [Address 22 16]
b7 b6 b5 b4 b3 b2 bl bO
[ofoJofo] EP1BYTE | CPU [ CPU [ HW [HW
Initial value 0 0 0 0 RD WR RD |WR
N SR S A I Set the number of data byte for Ena- | Set/ | Use
transmitting with endpoint 1 ble | Cleal
Fig. 3.5.16 Structure of USB transmit data byte number set register 1
USB PID control register 0 (EPOPID) [Address 23 16]
b7 b6 b5 b4 b3 b2 bl bo
| DPlDOl SPlDOIl APIDO |SP|D0(4 EPOE | | | | cpu [ cpul mw THW
Initial value O 0 0 0 0 RD [WR | RD |WR
] Endpoint 0 enable 0: Endpoint 0 invalid Ena- | Set/ | Use
! ! ! ! flag 1: Endpoint 0 valid ble [ Clea
E E E E Unexpected IN or OUT transaction can be ignored by clearing to this flag to “0”.
! ! ! ! (SETUP transaction cannot be ignored, it is always valid.)
! . . e Endpoint 0 PID selection[1I : IN token interrupt of DATA 0/Lis valid | Ena- | Set/ | Use
H H H flag (OUT STALL) 01 : STALL handshake is valid for IN token ble Clear
. . . - — 00 : NAK handshake is valid for IN token
; ; e EEELEET L L P EE PR e Endpoint 0 PID selection|y; 1. 5ta|| handshake is valid for out | Ena- | Set/ | Use
, , flag (OUT ACK) token ble | Cleal
H e e e e e mmmmmemmanaad] Endpoint 0 PID selection| 10: ACK handshake is valid for OUT token Ena- | Set/ | Use
H flag (IN STALL) M 00: NAK handshake is valid for OUT token ble Cleal
S Endpoint 0 PID selection Ena- | Set/ | Use [Clear
flag (IN DATAO0/1) ble |clea
DPIDO and SPIDOI are used to control the response for IN token.
DPIDO is used with the token interrupt enable flag (TKNE).
DPIDO is cleared to “0” automatically by hardware when ACK is received.
SPID0O and APIDO are used to control the response for OUT token.
When DPIDO is changed during token packet, the changed value is valid after end
of token.
O: it can be setto O or 1.

Fig. 3.5.17 Structure of USB PID control register 0
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Refer to “Figure 2.4.6 Description of register structure” for registers relevant to USB.

USB PID control register 1 (EP1PID) [Address 24 16]
b7 b6 b5 b4 b3 b2 bl b

[opoafseor] T T T T T 7] CPU [ CPU | HIW [ HW
RD |WR [RD [WR

Initial value O 0
E : _____________________________________ Endpoint 1 PID selection |10: IN token interrupt of DATAO/Lis valid  |Enable| Set/ | Use
' flag (IN STALL) 01: STALL handshake is valid for IN token Cleal
' - - 00: NAK handshake is valid for IN token
e e e e e e e eeeeeceemaaees Endpoint 1 PID selection Enablel Set/ | Use [Clear
flag (IN DATA0/1) Clea

DPID1 and SPID1 are used to control the response for IN token.

DPID1 is used with the token interrupt enable flag (TKNE).

DPID1 is cleared to “0” automatically by hardware when ACK is received.
0: it can be setto 0 or 1.

Fig. 3.5.18 Structure of USB PID control register 1

USB address register (USBA) [Address 25 16]
b7 b6 b5 b4 b3 b2 bl b0

| [ USBA | CPU [ CPU [ HW [H/W
Initial value 0 0 0 0 0 0 0 RD |WR | RD |WR
e B Set an address allocated by the Set/ |Use
USB host Clear

Fig. 3.5.19 Structure of USB address register

USB sequence bit initialization register (INISQ1) [Address 26 16]

b7 b6 b5 b4 b3 b2 bl boO
| INISQ1 | CcPU [ cpu | HIW | HIW
Initial value O ] 0 0 0 0 O 0 RD [WR [ RD [WR

S AP HU . S L AR P As sequence bit of endpoint 1 is Dummy/|
initialized.

Sequence is initialized by writing dummy.

Fig. 3.5.20 Structure of USB sequence bit initialization register

USB control register (USBCON) [Address 27 16]
b7 b6 b5 b4 b3 b2 bl b0

[wue [ uvoe| | | | | | | cPU [ cPuU [ HW [ HW
Initial value 0 0 RD |WR | RD |WR
_____________________________________ USBVREFoUT output | 0: Output off Set/ |Use
! valid flag 1: Output on Clear
Bommmmmmmommmmmmmommmmmmosmmmmmooeeees Remote wake up 0: No request Set |[Use |Clear
request flag 1:Remote wake up request
Remote wake up request (K output) can be set by setting this flag to “1”.
This flag is cleaed to “0” automatically after 10 ms from remote wake up request.

Fig. 3.5.21 Structure of USB control register
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Prescaler 12, Prescaler X
b7 b6 b5 b4 b3 b2 bl b0
Prescaler 12 (PRE12) [Address : 28 16]
S S N S Prescaler X (PREX) [Address : 2C 1]
|

i i i i i | i i B Function Atreset| R |W
1 1 1 | 1 | -0 |+setacountvalue of each prescaler. 1 |[O]0O
A T B R || +The value set in this register is written to both each prescaler

A S 1 | and the corresponding prescaler latch at the same time. 1 |OfO
I | [ *When this register is read out, the count value of the corres-

A 2 | ponding prescaler is read out. 1 |olo
| | | | |

| | | | | |

TR S 3 1 |o]o
| | | |

| | | | —

TR 4 1 |ofo
| | |

| | | —

i i LR 5 1 [O]|O
| | |

e 6 1 [OfO
‘ —

b 7 1 |o|o

Fig. 3.5.22 Structure of Prescaler 12, Prescaler X
Timer 1
b7 b6 b5 b4 b3 b2 bl b0
Timer 1 (T1) [Address : 29 16]

I I I I I I I I
| | | | | | | |
o B Function Atreset| R |W
1 1 1 | 1 | -0 |.setacountvalue of timer 1. 1 |[O]O
A T R N || «The value set in this register is written to both timer 1 and timer 1
o R — 1| latch at the same time. 0 |O|O
I | | *When this register is read out, the timer 1's count value is read
SR I - K
| | | | | ||
R R S 3 0 |o|o
| | | |
| | | | —
T T S —— 4 0 |ofo
| | |
| | | —
i i L 5 0 |O|O
| | |
e 6 0 |O]|O
‘ —
b 7 o |o|o

Fig. 3.5.23 Structure of Timer 1
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Timer 2
b7 b6 b5 b4 b3 b2 bl b0

Timer 2 (T2) [Address : 2A16]

B Function Atreset| R |W
0 | +Set a count value of timer 2. 0 ©
| «The value set in this register is written to both timer 2 and timer 2

1| latch at the same time. 0 (@)
|| *When this register is read out, the timer 2’s count value is read

2| out. 0 ©)
3 0 o
4 0 (@]
5 0 o
6 0 O
7 0 (0]

Fig. 3.5.24 Structure of Timer 2
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Timer X mode reqister
b7 b6 b5 b4 b3 b2 bl b0

Timer X mode register (TM) [Address : 2B 16]

I I I I
EEEEEE R O — Funcion [ [RIw
' 1 | 1 1 | | |0 |Timer X operating mode bits | b1 b0 0o |o]|o
[ T e N 0 0: Timer mode
N T N R ] 0 1: Pulse output mode
b | | 1 0: Event counter mode
e 1 1 1: Pulse width measurement 0 |O|©
o mode
| | | | |
O R 2 | CNTRo active edge switch bit | The function depends on the o |ofo
e operating mode.
[ N N (Refer to Table 3.5.1)
| | | | |
TR T T 3 | Timer X count stop bit 0 : Count start o |olo
} } } } 1 : Count stop
} } } [ 4 | Nothing is allocated for these bits. These are write disabled bits. 0 ol|O
b When these bits are read out, the values are “0".
R R S 5 0 |O|O
| | _—
i L 6 0 |OfD
| ]
L 7 0 |o|o
Fig. 3.5.25 Structure of Timer X mode register
Table 3.5.1 CNTRo active edge switch bit function
Timer X operation modes CNTRo active edge switch bit (bit 2 of address 2Bis) contents
Timer mode “0”"|CNTRo interrupt request occurrence: Falling edge

; No influence to timer count
“1"|CNTRo interrupt request occurrence: Rising edge

; No influence to timer count
Pulse output mode “0”| Pulse output start: Beginning at “H” level

CNTRo interrupt request occurrence: Falling edge

“1"|Pulse output start: Beginning at “L” level

CNTRo interrupt request occurrence: Rising edge

Event counter mode “0”| Timer X: Rising edge count

CNTRo interrupt request occurrence: Falling edge

“1”| Timer X: Falling edge count

CNTRo interrupt request occurrence: Rising edge

Pulse width measurement mode [“0”| Timer X: “H” level width measurement

CNTRo interrupt request occurrence: Falling edge

“1"| Timer X: “L” level width measurement

CNTRo interrupt request occurrence: Rising edge
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Timer X
b7 b6 b5 b4 b3 b2 bl b0

Timer X (TX) [Address : 2D 1s6]

I I I I I I I I
|

i i i i i | i i B Function At reset w
1 1 1 | 1 | -0 |.setacount value of timer X. 1 o
A T N || +The value set in this register is written to both timer X and timer X

T N 1 | latch at the same time. 1 O
A | [ *When this register is read out, the timer X’s count value is read

B - T o[
I I I I I ||

] Lo
| | | | —

e : L]
| | | —

S 5 1 o
| |

| | |

T 6 1 O
‘ —

b 7 1 o

Fig. 3.5.26 Structure of Timer X

Timer count source set register

b7 b6 b5 b4 b3 b2 bl b0

_:l Timer count source set register (TCSS) [Address : 2E 16]
B i o Name Function At reset W
| | | | | | |
oo Timer X count source 0:f(Xin) /16 0 0
A | ! selection bit (Note) 1:f(Xin)/2
1 1 111 “=——|1 [ Nothing is allocated for these bits. These are write disabled bits. 0 O
} } } } } } || When these bits are read out, the values are “0".
e 2 ° 1°"
| | | | | ||
B b o o]
| | | | _—
I S : HEE
| | | —
i i R 5 0 0
| | 1
] 6 0 O
‘ —
L 7 0 0

Note: To switch the timer X count source selection bit, stop the timer X count

operation before do that.

Fig. 3.5.27 Structure of Timer count source set register
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Serial 1/02 control reqgister
b7 b6 b5 b4 b3 b2 bl b0

Serial 1/02 control register (SIO2CON) [Address : 30 1s6]

I I I I T I I

BERERER o — Forcion e[

1 1 1 1 | | L]0 nternal synchronous b2 bl bo / o |olo

[ N N Y R : ; 0 0 0:f(Xin)/8

R || clock selection bits 089 fEXIN 8.

oo oo —-|1 0 1 0:f(Xin)/32 0 |9]|0

oo | - 0 1 1:f(XiN)/64

[ E T 1 1 0:f(Xin)/128

. 2 111: fEXIN;/ZSS 0 [of°

T B 3 | Spata pin selection bit 0 : I/O port / Soata input o |ofo

b (Note) 1: Spata output

o L 4 | Nothing is allocated for this bit. This is a write disabled bit. o |olo

} } } When this bit is read out, the value is “0".

S — 5 | Transfer direction selection bit | O : LSB first o |olo

b 1 : MSB first

S — 6 | Scik pin selection bit 0 : External clock (Scik is input) 0 [OfO

| 1 : Internal clock (Scik is output)

b 7 | Transmit/ receive shift 0 : shift in progress 0 |ofO
completion flag 1 : shift completed

Note: When using it as a Spata input, set the port P13 direction register bit to “0”.

Fig. 3.5.28 Structure of Serial I/02 control register

Serial 1/02 register
b7 b6 b5 b4 b3 b2 bl b0

Serial 1/02 register (SI02) [Address : 31 16]

I I I I I I I I

| | | | | | | |

1B Function Atreset| R |W
TR | . L4o A shift register for serial transmission and reception. ? |O]C
A T N || « At transmitting : Set a transmission data.

T I L___[1[-Atreceiving : A reception data is stored. ?2 |O0|O
| | | | | |

BRI - > [°]°
| | | | | |

L AEE
| | | | —

i i i L 4 2 |ofo
| | | —

R 5 ? |0|O
| |

I 6 2 |olo
‘ —

L 7 2> |olo

Fig. 3.5.29 Structure of Serial 1/02 register
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A-D control reqgister
b7 b6 b5 b4 b3 b2 bl b0

A-D control register (ADCON) [Address : 34 16]

B Name Function Atreset| R |W
0 | Analog input pin selection bits | b2 bl bo 0 O
0 0 0:P20/ANo
|| 0 0 1:P21/AN1
0 1 0:P22/AN2
1 01 1:P23/ANs 0 o
1 0 0:P24/AN4
— 10 1:P25/ANs
2 1 1 0:P26/ANs (Note) 0 o)
11 1:P27/AN7 (Note)
3 | Nothing is allocated for this bit. This is a write disabled bit. 0 O
When this bit is read out, the value is “0".
4 | AD conversion completion bit | @ : €onversion in progress 1 O
1 : Conversion completed
S) Nothing is allocated for these bits. These are write disabled bits. 0 O
L1 When these bits are read out, the values are “0".
6 0 O
7 0 a

Note: P26/ANe6, P27/AN7 can be selected in the 36-pin and 42-pin versions.
0: This bit can be cleared to “0” by program, but cannot be set to “1”.

Fig. 3.5.30 Structure of A-D control register
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A-D conversion register (high-order)
b7 b6 b5 b4 b3 b2 bl b0

A-D conversion register (high-order) (ADH) [Address : 36 16]

I I
|
i i i i i } i i Function Atreset| R [W
B i } L 0 | The read-only register in which the A-D conversion’s results are ? (0|0
I N A T stored.
R R A R = < 10-bit read>
[ T T T B B 1 b7 b0 2 |lolo
| | | | | | L !
RN I -
L —1=
A 2 | Nothing is allocated for these bits. These are write disabled bits. o
I — When these bits are read out, the values are “0".
N T T IR S 3 ? 10|00
| | | |
| | | | —
i i i L 4 ? |0o|O
A a 2EE
| |
I I |
B e 6 2 |o|O
| —
R 7 ? |0|O
Fig. 3.5.31 Structure of A-D conversion register (high-order)
A-D conversion register (low-order)
b7 b6 b5 b4 b3 b2 bl b0
A-D conversion register (low-order) (ADL) [Address : 35 16]
I I I I I I I I
|
i i i i i ! i i B Function Atreset| R
TR } . 40| The read-only register in which the A-D conversion’s results are ? (o]0
| | | | | | | stored
| | | | | | | 1 .
T A S 2 [o]D
| | | | | |
I B < 8-bit read>
L 0 ARE
i i i i Lo 3 b9|b8|b7|b6 [b5|b4 b3 [b2 2 lolo
| | | | _—
| | | |
R 4 < 10-bit read> ? |°|8
o A o0
I 5 b7|b6 b5 [b4 |b3 |b2|b1 [bO ? |©fo
| | |
e 6 2 |o|O
‘ —
Lo 7 2 |olo

Fig. 3.5.32 Structure of A-D conversion register (low-order)
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MISRG [Address : 38 16]

source selection bit

: f(XiN)/16

I T I I
REEEE R - m— Foncin__en[Rlw
} } } } } } } } 0 [ Oscillation stabilization time 0: Set “0116" in timer 1, and 0 O
T } e set bit after release of the “FF16” in prescaler 12
o STP instruction automatically
. } | 1 : Not set automatically
11 1 L1 =1 |These are reserved bits. “0" 0 O
A || Do not write “1” to these bits.
A ? ° 1o
I I Y 0 o[*
| | | |
| | | |
bl e 4 | Nothing is allocated for these bits. These are write disabled bits. 0 O
} } } — When these bits are read out, the values are “0".
B et 5 0 O
| | —
T ity 6 0 O
|
| ||
- 7 0 0
Fig. 3.5.33 Structure of MISRG
Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl b0

Watchdog timer control register (WDTCON) [Address : 39 1s]
I I I I I I I I
| | | | | | | |
A L Name Function Atreset| R [W
1 1 | | L]0 |watchdog timer H 1 0
b | | || (The high-order 6 bits are read-only bits.)
R b 1 [o]-
| | | | | |
| | | | | | |
L b 2 tol”
| | | | | ||
L P BEE
| | | | —
R : ARE
| | | —
] 5 1 O
| |
| | " "
L 6 | STP instruction disable bit 0: STP instruction enabled 0 o)
| 1: STP instruction disabled
Lo 7 | Watchdog timer H count 0 : Watchdog timer L underflow 0 o

1

Fig. 3.5.34 Structure of Watchdog timer control register
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Interrupt edge selection register
b7 b6 b5 b4 b3 b2 bl b0
Interrupt edge selection register INTEDGE) [Address : 3A 1s]
I I I I I I
EEE R O — Funcion R
} } } } } } } L {0 | INTointerrupt edge 0 : Falling edge active o |ofo
L selection bit (Note 1) 1 : Rising edge active
A INT1 interrupt edge 0 : Falling edge active o |ofo
A selection bit (Note 2) 1: Rising edge active
| | | | | |
o ] 2 | Nothing is allocated for these bits. These are write disabled bits. 0 |O]|0O
I R || When these bits are read out, the values are “0”".
I | o o7
| | | |
A T R 4 SeriaI.I/01.or INT 1 interrupt 0 : Serial /01 o |olo
. selection bit 1:INT2
A 5 | Timer X or key-on wake up 0 : Timer X o |olo
I interrupt selection bit 1 : Key-on wake up
} L 777777777777777 g | Timer 2 or serial I/02 interrupt [0 : Timer 2 o |olo
| selection bit 1: Serial /02
L 7 | CNTRo or AD converter 0:CNTRo o |o]o
interrupt selection bit 1: AD converter
Notes 1: 32-pin version: Not used.
This is a write disabled bit. When this bit is read out, the value is “0".
2: 36-pin and 32-pin version: Not used.
This is a write disabled bit. When this bit is read out, the value is “0".
Fig. 3.5.35 Structure of Interrupt edge selection register
CPU mode register
b7 b6 b5 b4 b3 b2 bl b0
CPU mode register (CPUM) [Address : 3B 16]
I I I I I
i i i i i i i i B Name Function Atreset| R |W
b 11 1110 | Processor mode bits bibo _ o |lolo
[ A 0 0: Single-chip mode
U T R R [ | 0 1: Not available
N R 1 0: Not available o |olo
A } 1 1: Not available
| .
R 2 | Stack page selection bit 0:0page 0o |o]|o
L L:1page
o Lo 3 [ Nothing is allocated for these bits. These are write disabled bits. 0 |O|O
b || When these bits are read out, the values are “0”.
i i i e 4 | (Do not write “1".) 0 |O|o
| | | "
bl ] 5 0 (OO
| |
| |
o 6 | Clock division ratio selection | b7 b6 0 [O]|O
[ S bits 0 0: @=f(Xin)/2
| (high-speedmode)
| 0 1:@=f(Xin)/8
| (middle-speed mode) 1 |ofo
| 7 1 0: Applied from ring oscillator
ffffffffffffffffff 1 1:@=f(Xn)
(double-speed mode)

Fig. 3.5.36 Structure of CPU mode register
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Interrupt request reqgister 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 1 (IREQ1) [Address : 3C 16]

I I I I I I I
EERRREE Foncion e[
T | Lo UART receive/USBIN token 0 : No interrupt request issued 0 0
A interrupt request bit 1 : Interrupt request issued
Lo L777 1 | UART transmit/USBSETUP/ |0 : No interrupt request issued 0 0
o OUT token/Reset/Suspend/ |1 : Interrupt request issued
A Resume/INT 1 interrupt
A . | request bit (Note 1)
I T N N 2 | INTo interrupt request bit 0 : No interrupt request issued 0 0
TR (Note 2) 1 : Interrupt request issued
} } } } L 77777777 3 | Timer X or key-on wake up 0 : No interrupt request issued 0 O
bl interrupt request bit 1 : Interrupt request issued
B 4 | Timer 1 interrupt request bit |9 : NO interrupt request issued 0 O
} } } 1 : Interrupt request issued
A 5 | Timer 2 or serial I/02 interrupt [0 : No interrupt request issued 0 0
| request bit 1 : Interrupt request issued
bl 6 | CNTRo or AD converter 0 : No interrupt request issued 0
| interrupt request bit 1 : Interrupt request issued
L 7 | Nothing is allocated for this bit. This is a write disabled bit. 0

When this bit is read out, the value is “0".

(0: These bits can be cleared to “0” by program, but cannot be set.
Notes 1: 36-pin version and 32-pin version: INT1 interrupt does not exist.
2: 32-pin version: INTo interrupt does not exist.
This is a write disabled bit. When this bit is read out, the value is “0”".

Fig. 3.5.37 Structure of Interrupt request register 1

Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register 1 (ICON1) [Address : 3E 1¢]

I I I I I I I
EEE R O — Funcion e[
bbb g [UART receive/USBIN token 0 : Interrupt disabled 0 O
borh interrupt enable bit 1 : Interrupt enabled
oo 10 L _[q [UART transmittUSBSETUP/ 0 : Interrupt disabled 0 e)
A OUT token/Reset/Suspend/ 1 : Interrupt enabled
A Resume/INT1 interrupt enable
A bit (Note 1)
I N 2 [ INTo interrupt enable bit 0 : Interrupt disabled 0 (e)
TR (Note 2) 1 : Interrupt enabled
oo L] 3 | Timer X or key-on wake up 0 : Interrupt disabled 0 O
bl interrupt enable bit 1 : Interrupt enabled
I 4 | Timer 1 interrupt enable bit 0 : Interrupt disabled 0 o}
Lol 1 : Interrupt enabled
R 5 | Timer 2 or serial I/O2 interrupt | 0 : Interrupt disabled 0 o)
o enable bit 1 : Interrupt enabled
R 6 | CNTRo or AD converter 0 : Interrupt disabled 0 0]
| interrupt enable bit 1 : Interrupt enabled
L 7 | Nothing is allocated for this bit. Do not write “1” to this bit. 0 0
When this bit is read out, the value is “0".
Notes 1: 36-pin version and 32-pin version: INT1 interrupt does not exist.
2: 32-pin version: INTo interrupt does not exist.
This is a write disabled bit. When this bit is read out, the value is “0”".

Fig. 3.5.38 Structure of Interrupt control register 1
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Plastic 42pin 600mil SDIP

42P4B
EIAJ Package Code JEDEC Code Weight(g) Lead Material
SDIP42-P-600-1.78 — 4.1 Alloy 42/Cu Alloy

®

@
ATARRTANARAIARATARRTATARATARATARRTARARAT

Y/

O

O

J
®

UUUUUUUUUUUUUUUUUUU%

SEATING PLANE

&

—

Symbol Dimension in Millimeters
Min Nom Max

A - - 5.5
Al 0.51 - -
A2 - 3.8 -

b 0.35 0.45 0.55
b1 0.9 1.0 1.3
b2 0.63 0.73 1.03

c 0.22 0.27 0.34
D 36.5 36.7 36.9

E 12.85 13.0 13.15
[e] - 1.778 -

- 15.24 -

L 3.0 -

0 0° 15°

Plastic 36pin 450mil SSOP

36P2R-A
EIAJ Package Code JEDEC Code Weight(g) Lead Material
SSOP36-P-450-0.80 - 0.53 Alloy 42

Detail F

| o
@ —
=Bttt
Recommended Mount Pad
Symbol Dimension in Millimeters
Min Nom Max
A - — 2.4
A1l 0.05 -
A2 - 2.0 -
b 0.35 0.4 0.5
c 0.13 0.15 0.2
D 14.8 15.0 15.2
E 8.2 8.4 8.6
(€] - 0.8 -
He 11.63 11.93 12.23
L 0.3 0.5 0.7
L1 - 1.765 —
y - - 0.15
[’ 0° - 10°
b2 - 0.5 -
- 11.43 —
12 1.27 — —
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32P6U-A MMP Plastic 32pin 707mm body LQFP
EIAJ Package Code JEDEC Code Weight(g) Lead Material
LQFP32-P-0707-0.80 - Cu Alloy MD

=
=

| el

HD i
: g0 T3
@ ® P:,;:Lﬁ
—1-—0
1AAAAAAR] ) BRI
®$ O E Recommended Mount Pad
[ 1 Symbol Dimension in Millimeters
[ 1 R T ymbo Min Nom Max
mm | T A - - 1.7
[ mi] A1 0 0.1 0.2
A2 — 1.4 —
i E@ L b 032 | 037 | 045
™ 0.105 0.125 0.175
gﬁﬁﬁﬁﬁﬁggggf, b [ 69 | 70 | 71
E 6.9 7.0 7.1
# (€] 0.8

Hb 8.8 9.0 9.2
HE 8.8 9.0 9.2
L 0.3 0.5 0.7
L1 - 1.0 —
Lp 0.45 0.6 0.75
— 0.25 —
X - - 0.2
y - — 0.1
[ 0° - 10°
b2 - 0.5 —
12 1.0 — —
MD — 7.4 —
ME — 7.4 —
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3.7 List of instruction code

D3 —-Do | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
D7 — Da Hexa:ggtm 0 1 2 3 | 4 5 6 7 8 9 | A | B | c | Do | E|F
oo [ o [omc[Oo | Jon | 8BS | | on | Ast | BB | pp | om | ASt | SEo | | OFA | ASL | seo
oo | 1 e (008 four | 380 | | ome | ast BB | cic SRR ofc | cis | OB LASL | o
0010 2 JSR | AND | JSR BBS BIT AND [ ROL | BBS PLP AND | ROL SEB BIT AND | ROL SEB
ABS |IND, X| SP 1,A ZP ZP ZP 1, ZP IMM A 1,A ABS | ABS | ABS | 1,ZP
oot |3 fewn | R SET 1B | < | 2ok | ook [ nzp | SEC |aBsi¥| A | 1A | zP |aBS,x|aBSX| 1zp
o0 |4 [ RSSO [T | e | 2 [z | P | | A | 2A | ABS | ABS | ABS |22
owor | s eve |\GOR L = 1S | = [ zex | zox |2 | aesy| — | 2 |~ [aes x|aes x| 220
oo | o[RS |\ GS = [ Sa [ 2 | | T [z | P | | A | 3 A | IND | ABS | Aes |5z
ot |7 evs |5 = [ Sa | = [ Zex |zox |z | S [aesy| — | 3 A |~ |aes x|aesx| 5z
000 | o eRa | R T Ga | T | o | 7o |mee | PEY | = | % | G R | Aes | nes | aes |4z
| o feee | Rl — N BX 2Px | 2ok 2y [aze | T [asiy| ™S | aa |~ |aesix| — |aze
100 | A | (oix| e | A | zp | 20 |z [size | ™Y | | ™| sa | ABs | aBS | aes |5 zp
011 | 8| BCS N ool sa [ zeix | zpox | zpy [sizp | OV faesiv] S | 5a |as,x{aes, x|aes. ¥| 5. z¢
1100 | | ok | T oA | Ze |z |z [eze | ™ | | O | oA | ABS | aBS | a8s |6 zp
wor | o fene |G — V| = 2|2k [ aze | C0 lassy| — | oA |~ [aeS x|aesx| .27
w0 | € i wox| ~ |74 |z | 2o | 20 [mze | ™ | W | NP | 3R | Aes | nes | aes |7z
mr | Fofeee S = VTR = [ ex | ok e | S0 lasy| — | 7oA | T [aes x|aesx| 720

: 3-byte instruction

: 2-byte instruction

: 1-byte instruction
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3.8 Machine instructions

3.8 Machine instructions

Symbol

Function

Details

Addressing mode

IMP

A BIT, A, R

ZP

BIT, ZP, R

OoP

OP| n

OP| n [# |OP| n| #

OP

OoP

n

#

ADC
(Note 1)
(Note 5)

WhenT=0
A-A+M+C

WhenT=1
M(X) « M(X)+ M +C

When T = 0, this instruction adds the contents
M, C, and A; and stores the results in A and C.
When T = 1, this instruction adds the contents
of M(X), M and C; and stores the results in
M(X) and C. When T=1, the contents of A re-
main unchanged, but the contents of status
flags are changed.

M(X) represents the contents of memory
where is indicated by X.

69| 2

65

AND
(Note 1)

When T =0
A~ AAM

WhenT=1
M(X) « M(X) AM

When T = 0, this instruction transfers the con-
tents of A and M to the ALU which performs a
bit-wise AND operation and stores the result
back in A.

When T = 1, this instruction transfers the con-
tents M(X) and M to the ALU which performs a
bit-wise AND operation and stores the results
back in M(X). When T = 1, the contents of A
remain unchanged, but status flags are
changed.

M(X) represents the contents of memory
where is indicated by X.

29| 2

25

ASL

@-—-o

This instruction shifts the content of A or M by
one bit to the left, with bit 0 always being set to
0 and bit 7 of A or M always being contained in
C.

OA[ 2|1

06

BBC
(Note 4)

Ai or Mi = 0?

This instruction tests the designated bit i of M
or A and takes a branch if the bit is 0. The
branch address is specified by a relative ad-
dress. If the bit is 1, next instruction is
executed.

20i

BBS
(Note 4)

Aior Mi =1?

This instruction tests the designated bit i of the
M or A and takes a branch if the bit is 1. The
branch address is specified by a relative ad-
dress. If the bit is 0, next instruction is
executed.

BCC
(Note 4)

This instruction takes a branch to the ap-
pointed address if C is 0. The branch address
is specified by a relative address. If C is 1, the
next instruction is executed.

BCS
(Note 4)

c=1?

This instruction takes a branch to the ap-
pointed address if C is 1. The branch address
is specified by a relative address. If C is 0, the
next instruction is executed.

BEQ
(Note 4)

This instruction takes a branch to the ap-
pointed address when Z is 1. The branch
address is specified by a relative address.

If Z is 0, the next instruction is executed.

BIT

AAM

This instruction takes a bit-wise logical AND of
A and M contents; however, the contents of A
and M are not modified.

The contents of N, V, Z are changed, but the
contents of A, M remain unchanged.

24

BMI
(Note 4)

This instruction takes a branch to the ap-
pointed address when N is 1. The branch
address is specified by a relative address.

If N is 0, the next instruction is executed.

BNE
(Note 4)

This instruction takes a branch to the ap-
pointed address if Z is 0. The branch address
is specified by a relative address. If Z is 1, the
next instruction is executed.
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3.8 Machine instructions

Addressing mode

Processor status register

ZP, X ZP,Y ABS ABS, X | ABS,Y IND ZP,IND | IND, X IND, Y REL SP 7/6|5|4|3(2]|1]|0
OP| n OP| n | # |OP| n OP| n|#|OP| n|#|OP| n|#|OP| n|#|OP| n|# |[OP|n|# |[OP| n|#|OP|n N|{V|T|B|D|I|Z]|C
75| 4 6D| 4 7D|5|3]|79|5 |3 61|6[2|71|6 |2 N[{V|[e]|e|[|*|Z]|C
35| 4 2D| 4 3D|5(3(39|5|3 21({6(2|31|6|2 Nfefe|[e]|]||Z]"
16| 6 OE| 6 1E| 7|3 Nfe|e]|e|[|*|Z]|C
90( 2|2 elo|efe|o]|e|e]|e

BO| 2|2 e|le o] o] o]

FO[ 2|2 PO RO T O R P B

2C| 4 M7[M6| | o | o | |Z]

30|12 |2 e|le oo o] o]

D02 |2 e|e|ofofo]|e] o]
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3.8 Machine instructions

Addressing mode
Symbol Function Details IMP IMM A BIT, A ZP BIT, ZP
OP| n OP| n OP| n OP| n| #|OP| n OP| n | #
BPL N =0? This instruction takes a branch to the ap-
(Note 4) pointed address if N is 0. The branch address
is specified by a relative address. If N is 1, the
next instruction is executed.
BRA PC ~ PC # offset This instruction branches to the appointed ad-
dress. The branch address is specified by a
relative address.
BRK B-~1 When the BRK instruction is executed, the |00| 7
(PC) « (PC)+2 CPU pushes the current PC contents onto the
M(S) ~ PCH stack. The BADRS designated in the interrupt
S~S-1 vector table is stored into the PC.
M(S) « PCL
S~S-1
M(S) « PS
S~S-1
l<1
PCL «~ ADL
PCH « ADH
BVC V=07 This instruction takes a branch to the ap-
(Note 4) pointed address if V is 0. The branch address
is specified by a relative address. If V is 1, the
next instruction is executed.
BVS V=1? This instruction takes a branch to the ap-
(Note 4) pointed address when V is 1. The branch
address is specified by a relative address.
When V is 0, the next instruction is executed.
CLB Aior Mi « 0 This instruction clears the designated bit i of A Bl2|1 1F(5]2
or M. 20i 20i
CLC C-0 This instruction clears C. 18| 2
CLD D-0 This instruction clears D. D8| 2
CLl 10 This instruction clears I. 58| 2
CLT T<0 This instruction clears T. 12|12
CLV V<0 This instruction clears V. B8| 2
CMP When T =0 When T = 0, this instruction subtracts the con- C9| 2 C5|3
(Note3) | A—-M tents of M from the contents of A. The result is
WhenT=1 not stored and the contents of A or M are not
M(X) - M modified.
When T = 1, the CMP subtracts the contents
of M from the contents of M(X). The result is
not stored and the contents of X, M, and A are
not modified.
M(X) represents the contents of memory
where is indicated by X.
COM M <™ This instruction takes the one’s complement of 4415
the contents of M and stores the result in M.
CPX X-M This instruction subtracts the contents of M EO| 2 E4|3
from the contents of X. The result is not stored
and the contents of X and M are not modified.
CPY Y-M This instruction subtracts the contents of M C0| 2 C4|3
from the contents of Y. The result is not stored
and the contents of Y and M are not modified.
DEC A<A-1lor This instruction subtracts 1 from the contents 1A} 2 C6| 5
M-M-1 of A or M.
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3.8 Machine instructions

Addressing mode

Processor status register

ZP, X ZP, Y ABS ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 7|16(5(4(|3|2|1]|0
OP| n OP| n|# |OP|n|[# |OP| n|# |OP| n|# |OP| n OP| n|# |OP| n|# |OP| n|# |OP| n|# |OP| n N|V|[T|B|D|I |Z]|C
10 2| 2 e e oo oo

80| 4|2 e[ e | e | oo | e ||

e |loe o |1 o |2]e]e

5012 |2 e |o oo |o|ofe]e

7012 |2 o oo e oo

e |e|o|e|e]|e|le]O

e |oe|o|e|O]| o]

e |oe|o|e|e|O]e]|-

eloe|O| oo |o] o]

e |O|o| oo |o] o]

D5| 4 CD|4 |3 |DD|5 |3 |D9|5 |3 Cl|6|2|D1|6 |2 Nfefe|[e]e]|*]|Z]|C
N|e|o|o]|e|eo|Z]e

EC| 4 |3 N|le|e|e]e|e]|Zz]|C

CCl|4 | 3 N | e . . . e | Z|C

D6| 6 CE|6 |3 |DE| 7|3 Nleolelelelelz]e
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3.8 Machine instructions

Addressing mode
Symbol Function Details IMP IMM A BIT, A ZP BIT, ZP
OP| n OP| n OP|n |# |OP| n| #|OP| n OP| n | #
DEX X e X=-1 This instruction subtracts one from the current |CA| 2
contents of X.
DEY Y-Y-1 This instruction subtracts one from the current |88| 2
contents of Y.
EOR WhenT=0 When T = 0, this instruction transfers the con- 49| 2 45| 3
(Notel) | A~ AV¥M tents of the M and A to the ALU which
performs a bit-wise Exclusive OR, and stores
WhenT=1 the result in A.
M(X) « M(X) ¥M When T = 1, the contents of M(X) and M are
transferred to the ALU, which performs a bit-
wise Exclusive OR and stores the results in
M(X). The contents of A remain unchanged,
but status flags are changed.
M(X) represents the contents of memory
where is indicated by X.
INC A~A+lor This instruction adds one to the contents of A 3A[ 21 E6| 5
McM+1 or M.
INX X e« X+1 This instruction adds one to the contents of X. |E8| 2
INY Y -Y+1 This instruction adds one to the contents of Y. [C8| 2
JMP If addressing mode is ABS | This instruction jumps to the address desig-
PCL —~ ADL nated by the following three addressing
PCH « ADH modes:
If addressing mode is IND Absolute
PCL « M (ADH, ADL) Indirect Absolute
PCH « M (ADH, ADL + 1) | Zero Page Indirect Absolute
If addressing mode is ZP, IND
PCL ~ M(00, ADL)
PCH < M(00, ADL + 1)
JSR M(S) < PCH This instruction stores the contents of the PC
S~S-1 in the stack, then jumps to the address desig-
M(S) « PCL nated by the following addressing modes:
S-S-1 Absolute
After executing the above, Special Page
if addressing mode is ABS, | Zero Page Indirect Absolute
PCL - ADL
PCH « ADH
if addressing mode is SP,
PCL - ADL
PCH « FF
If addressing mode is ZP, IND,
PCL ~ M(00, ADL)
PCH < M(00, ADL + 1)
LDA When T=0 When T = 0, this instruction transfers the con- A9| 2 A5| 3
(Note2) | A<M tents of M to A.
WhenT=1 When T = 1, this instruction transfers the con-
M(X) « M tents of M to (M(X)). The contents of A remain
unchanged, but status flags are changed.
M(X) represents the contents of memory
where is indicated by X.
LDM M < nn This instruction loads the immediate value in 3C| 4
M.
LDX X <M This instruction loads the contents of M in X. A2| 2 A6| 3
LDY Y M This instruction loads the contents of Min Y. AO| 2 A4l 3
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3.8 Machine instructions

Addressing mode

Processor status register

ZP, X ZP, Y ABS | ABS,x | ABS,Y IND | zP,IND | IND, X | IND,Y REL sp 6|5(|4|3]|2]|1]0
oP|n|#|oP|n|#|oP|n|#|oP| n|#|op| n|#for| n|#|orP| n|#|orp| n|#lorP| n|#|opP| n|#|oP|n viTle|p|i|z]|C
P I I R I I 2

S I I R I I 2

55| 4 aD| 4 5D/ 5|3 |59|5]3 41|62 |51|6 |2 elele]e]]z]
F6| 6 EE| 6 FE| 7 |3 elele]e]e]z]e
S N I R I 2

S N P R I 2

acl| 3 6C|5|3(B24]2

20| 6 02|72 22| 5

B5| 4 AD| 4 |3 |BD|5|3|B9|5|3 ALl 6| 2|B1]|6 |2 lele]e]-]2]"
B6| 4 | 2 |AE| 4 BE|5 |3 elele]e]e]zZ]>

B4| 4 Ac| 4|3 |Bc|5 |3 elele]e]e]z]>
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3.8 Machine instructions

Addressing mode
Symbol Function Details IMP IMM A BIT, A ZP BIT, ZP
OP| n OP| n OP|n [# |OP| n| # |OP| n OP| n | #
LSR 7 0 This instruction shifts either A or M one bit to 4A1 2 | 1 46 | 5
0o-[_1-[d the right such that bit 7 of the result always is
set to 0, and the bit 0 is stored in C.
NOP PC -« PC+1 This instruction adds one to the PC but does |EA| 2
no otheroperation.
ORA WhenT=0 When T = 0, this instruction transfers the con- 09| 2 05| 3
(Notel) | A AVM tents of A and M to the ALU which performs a
bit-wise “OR”, and stores the result in A.
WhenT=1 When T = 1, this instruction transfers the con-
M(X) « M(X) VM tents of M(X) and the M to the ALU which
performs a bit-wise OR, and stores the result
in M(X). The contents of A remain unchanged,
but status flags are changed.
M(X) represents the contents of memory
where is indicated by X.
PHA S~S-1 This instruction pushes the contents of A to |48 3
the memory location designated by S, and
decrements the contents of S by one.
PHP M(S) « PS This instruction pushes the contents of PSto |08 3
S~S-1 the memory location designated by S and dec-
rements the contents of S by one.
PLA S-S+1 This instruction increments S by one and |68| 4
A < M(S) stores the contents of the memory designated
by Sin A.
PLP S<S+1 This instruction increments S by one and [28| 4
PS <« M(S) stores the contents of the memory location
designated by S in PS.
ROL 7 0 This instruction shifts either A or M one bit left 2A12 |1 26| 5
P N . o g through C. C is stored in bit 0 and bit 7 is
stored in C.
ROR 7 0 This instruction shifts either A or M one bit 6A|2 |1 665
-1~ right through C. C is stored in bit 7 and bit O is
[C=— stored in C.
RRF 7 0 This instruction rotates 4 bits of the M content 82| 8
B I to the right.
RTI S<-S+1 This instruction increments S by one, and [40| 6
PS <« M(S) stores the contents of the memory location
S<S+1 designated by S in PS. S is again incremented
PCL « M(S) by one and stores the contents of the memory
S-S+1 location designated by S in PCL. S is again
PCH « M(S) incremented by one and stores the contents of
memory location designated by S in PCH.
RTS S-S+1 This instruction increments S by one and |60 6
PCL « M(S) stores the contents of the memory location
S-S+1 designated by S in PCL. S is again
PCH « M(S) incremented by one and the contents of the
(PC) « (PC)+1 memory location is stored in PCH. PC is
incremented by 1.
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3.8 Machine instructions

Addressing mode

Processor status register

ZP, X ZP, Y ABS ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 6|5|4|3|2|1]0
OP| n OP| n | # |OP| n OP| n|#|OP| n|#|OP| n|# |OP| n|# |OP| n|# |OP| n|# |OP| n|# |OP| n V|T|B|D|I |Z
56| 6 4E| 6 5E| 7 |3 ele|e|e]|Z
15| 4 0D| 4 1D| 5|3 |19(5 | 3 011 6| 2|11| 6|2 e fe ||| |Z]~

e lo|o|e|e|Z]e

(Value saved in stack)
36| 6 2E| 6 3E({7 |3 el |Z2]|C
76| 6 6E| 6 7E({ 7|3 el |Z2]|C

(Value saved in stack)
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3.8 Machine instructions

Addressing mode

Symbol Function Details IMP IMM A BIT, A ZP BIT, ZP

OP| n| #|OP| n| #|OP|[n |# |OP| n| #|OP| n |# |OP| n | #

SBC WhenT=0 When T = 0, this instruction subtracts the E9| 2|2 E5|/ 3|2
(Notel) | A« A-M-C value of M and the complement of C from A,
(Note 5) and stores the results in A and C.

WhenT=1 When T = 1, the instruction subtracts the con-

M(X) « M(X)-M-CT tents of M and the complement of C from the
contents of M(X), and stores the results in
M(X) and C.

A remain unchanged, but status flag are
changed.

M(X) represents the contents of memory
where is indicated by X.

SEB AiorMi « 1 This instruction sets the designated bit i of A 0B|2 |1 oFl 5|2
s
or M. 20i 20i
SEC C«<1 This instruction sets C. 382 |1
SED D1 This instruction set D. Fsl2 |1
SEI 1«1 This instruction set I. 78|12 |1
SET T<1 This instruction set T. 3212 |1
STA M~ A This instruction stores the contents of A in M. 854 |2

The contents of A does not change.

STP This instruction resets the oscillation control F/ 42| 2 | 1
F and the oscillation stops. Reset or interrupt
input is needed to wake up from this mode.

STX M« X This instruction stores the contents of X in M. 864 |2
The contents of X does not change.

STY M <Y This instruction stores the contents of Y in M. 8414 |2
The contents of Y does not change.

TAX X <A This instruction stores the contents of A in X. |[AA[ 2 |1
The contents of A does not change.

TAY Y - A This instruction stores the contents of AinY. |A8[2 |1
The contents of A does not change.

TST M =0? This instruction tests whether the contents of 643 |2
M are “0” or not and modifies the N and Z.

TSX X «<S This instruction transfers the contents of Sin [BA| 2 | 1
X.

TXA A X This instruction stores the contents of X in A.  [8A]| 2 | 1

TXS S <X This instruction stores the contents of XinS.  [9A| 2 | 1

TYA A-Y This instruction stores the contents of Y in A. 982 |1

WIT The WIT instruction stops the internal clock [C2| 2 |1

but not the oscillation of the oscillation circuit
is not stopped.

CPU starts its function after the Timer X over
flows (comes to the terminal count). All regis-
ters or internal memory contents except Timer
X will not change during this mode. (Of course
needs VDD).

Notes 1 : The number of cycles “n” is increased by 3 when T is 1.
: The number of cycles “n” is increased by 2 when T is 1.
: The number of cycles “n” is increased by 1 when T is 1.
: The number of cycles “n” is increased by 2 when branching has occurred.

: N, V, and Z flags are invalid in decimal operation mode.

abdwN PP
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3.8 Machine instructions

Addressing mode Processor status register
ZP, X ZP, Y ABS ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 6|5|4|3|2|1]0
OP| n|# |OP| n|[# |OP| n OP| n | # |OP #|OP| n|#|OP[ n|[# |OP| n|#|OP[n|# |OP| n|#|OP|n V|(T|B|D|I|Z]|C
F5| 4 ED| 4 FD| 5| 3 |F9 3 E1| 6 |2 |F1| 6 Vie|e|e||Z|C
el o o o] |1
o o o | 1| e of e
o o o] o] 1| o] e
o | 1] o] o] of of @
95| 5 8D| 5 9D| 6 | 3 |99 3 817 (2|91|7 ele o] ]
96|5 |2 |8E| 5 o oo | e |e|e]e
94| 5 8C| 5 e|oefofe|e] o]
N|e|e|o]|o]|e]|Z]|e
N|e|e|[o]|eo]|e]|Z]|e
N|e|e|o]|eo]|e]|Z]|e
N|e|e|o]|o]|e]|Z]|e
N|e|e|o]|o]|e]|Z]|e
N|e|e|o]|o]|e]|Z]|e
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3.8 Machine instructions

Symbol Contents Symbol Contents
IMP Implied addressing mode + Addition
IMM Immediate addressing mode - Subtraction
A Accumulator or Accumulator addressing mode A Logical OR
BIT, A Accumulator bit addressing mode \% Logical AND
BIT, A, R Accumulator bit relative addressing mode ¥ Logical exclusive OR
ZP Zero page addressing mode — Negation
BIT, ZP Zero page bit addressing mode - Shows direction of data flow
BIT, ZP, R Zero page bit relative addressing mode X Index register X
ZP, X Zero page X addressing mode Y Index register Y
ZP,Y Zero page Y addressing mode S Stack pointer
ABS Absolute addressing mode PC Program counter
ABS, X Absolute X addressing mode PS Processor status register
ABS, Y Absolute Y addressing mode PCH 8 high-order bits of program counter
IND Indirect absolute addressing mode PCL 8 low-order bits of program counter
ADH 8 high-order bits of address
ZP, IND Zero page indirect absolute addressing mode ADL 8 low-order bits of address
FF FF in Hexadecimal notation
IND, X Indirect X addressing mode nn Immediate value
IND, Y Indirect Y addressing mode zz Zero page address
REL Relative addressing mode M Memory specified by address designation of any ad-
SP Special page addressing mode dressing mode
C Carry flag M(X) Memory of address indicated by contents of index
z Zero flag register X
| Interrupt disable flag M(S) Memory of address indicated by contents of stack
D Decimal mode flag pointer
B Break flag M(ADH, ADL) Contents of memory at address indicated by ADH and
T X-modified arithmetic mode flag ADL, in ADH is 8 high-order bits and ADL is 8 low-or-
\Y Overflow flag der bits.
N Negative flag M(00, ADL) Contents of address indicated by zero page ADL
Ai Biti (i = 0 to 7) of accumulator
Mi Biti (i = 0 to 7) of memory
OoP Opcode
n Number of cycles
# Number of bytes
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3.9 SFR memory map

3.9 SFR memory map

000016
000116
000216
000316
000416
000516
000616
000716
000816
000916
000A16
000B16
000C16
000D16
000E16
000F16
001016
001116
001216
001316
001416
001516
001616
001716
001816
001916
001A16
001B16
001C1e
001D16
001Ez16
001F16

Port PO (PO)

Port PO direction register (POD)

Port P1 (P1)

Port P1 direction register (P1D)

Port P2 (P2)

Port P2 direction register (P2D)

Port P3 (P3)

Port P3 direction register (P3D)

Port P4 (P4)

Port P4 direction register (P4D)

Pull-up control register (PULL)

Port P1P3 control register (P1P3C)

Transmit/Receive buffer register (TB/RB)

USB status register (USBSTS)/UART status register (UARTSTS

Serial /01 control register (SIO1CON)

UART control register (UARTCON)

Baud rate generator (BRG)

USB data toggle synchronization register ( TRSYNC)

USB interrupt source discrimination register 1 (USBIR1)

USB interrupt source discrimination register 2 (USBIR2)

002016
002116
002216
002316
002416
002516
002616
002716
002816
002916
002A16
002B16
002C16
002D16
002E16
002F16
003016
003116
003216
003316
003416
003516
003616
003716
003816
003916
003A16
003B16
003C16
003D16
003E16
003F16

USB interrupt control register (USBICON)

USB transmit data byte number set register 0 (EPOBYTE)

USB transmit data byte number set register 1 (EP1BYTE)

USBPID control register 0 (EPOPID)

USBPID control register 1 (EP1PID)

USB address register (USBA)

USB sequence bit initialization register (INISQ1)

USB control register (USBCON)

Prescaler 12 (PRE12)

Timer 1 (T1)

Timer 2 (T2)

Timer X mode register (TM)

Prescaler X (PREX)

Timer X (TX)

Timer count source set register (TCSS)

Serial 1/02 control register (SIO2CON)

Serial 1/02 register (S102)

A-D control register (ADCON)

A-D conversion register (low-order) (ADL)

A-D conversion register (high-order) (ADH)

MISRG

Watchdog timer control register (WDTCON)

Interrupt edge selection register (INTEDGE)

CPU mode register (CPUM)

Interrupt request register 1 (IREQ1)

Interrupt control register 1 (ICON1)
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3.10 Pin configurations

3.10 Pin configurations

(Top view)

P12/ScLk «<— [1
P13/SpATA «— [2 ] O
P14/CNTRo «— |3
P20/ANo <« [4 ]
P21/AN1«—> [5 ]
P22/AN2 < [6 |
P23/AN3 <> [7_|
P24/AN4 <> [8 ]
P25/AN5 «— [9 |
P26/AN6 «— [10 |
P27/AN7 < [11]
VREF — [12]
RESET — [13]
CNVss — [14]
Vce [15 ]
XiN—> [16]
XouT «— [17]
Vss [18 ]

d483dVES.LEIN
daIXXX-VINVESLEN

O

Outline: 36P2R-A

P11/TxD/D+
P1o/RxD/D-
P07

POs

POs

P04

P03

P02

P01

POo
USBVREFOUT
P37/INTo
P3s5(LEDs)
P34(LED4)
P33(LED?3)
P32(LED?2)
P31(LED1)
P3o(LEDo)

Fig. 3.10.1 M37534M4-XXXFP, M37534E8FP pin configuration
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3.10 Pin configurations

(Top view)

-

S

o

&

SESE5LRY

[=[[=][s][=]=]=]=]s]
P07 <[5 [16]<> P34(LEDa)
P10/RxD/D- <[5 15|<> P33(LED3)
P11/TxD/D+ <>[27] 14| P32(LED?)

P12/ScLk <—>E M37534M4-XXXGP 13 |- P31(|_ED1)
P13/SpaTA <[5 M37534E4GP [12]<> P3o(LEDo)

P14/CNTRo <> [3g] [11] Vss
P20/ANo <>[31 | [10]— Xout
P21/AN1 <"L’i_z_ O 34— XIN

i
TIIIEp>
NN
A QA Qoo

Outline 32P6U-A

Fig. 3.10.2 M37534M4-XXXGP, M37534E4GP pin configuration
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3.10 Pin configurations

(Top view)
\_/

P14/CNTRO<—> [T_| 2] —
Pls «—> [2 | [41] -
Ple «— IZ E -

P20/ANo «— [4 | [39] -—
P21/AN1 > [5_| B
NC  [6] 7] —
P22/AN2 «— [7_| << < (36 ] «—
P23/AN3 «> [8_| &,o &,o &]o [35] «—>
P24/AN4 «— [9 | o1 01 Ol (34] «—>
P25/ANs < [10 C_g C_g Cﬁ 5]
P26/AN6 ~— [1L m=T 2]
P27/AN7 ~— [1Z] oORNW 3]
Pdo +— [13] 2 < O 0] —
P41« [14] UL %]~
VREF — [15| P (28] «—
RESET — [16] wn 277] >
CNVss — [17] U 26 | «—>
Vce [18] 25|
XIN—> [19] 24|
XouT «— [20]] 23]
Vss [21] 22| >

Outline 42S1M, 42P4B

P13/SDATA
P12/SCLK
P11/TxD/D+
P1o/RxD/D-
PO7

POs

POs

P04

P03

P02

P01

POo
USBVREFOUT
P37/INTo
P36(LEDs6)/INT1
P3s5(LEDs)
P34(LED4)
P33(LED3)
P32(LED2)
P31(LEDz1)
P3o(LEDo)

Fig. 3.10.3 M37534M4-XXXSP, M37534E8SP, M37534RSS pin configuration
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