EXFL

Renesas Electronics America Inc - D12363VF33V Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Obsolete

H85/2000

16-Bit

33MHz

12C, IrDA, SCI, SmartCard
DMA, POR, PWM, WDT
84

ROMless

16K x 8

3V ~ 3.6V

A/D 10x10b; D/A 2x8b
Internal

-20°C ~ 75°C (TA)
Surface Mount
128-BFQFP

128-QFP (14x20)

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

https://www.e-xfl.com/product-detail/renesas-electronics-america/d12363vf33v

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/d12363vf33v-4430174
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

8. 7.4  SOftware ACHVALION .........eeieeuvieiieiiie et e eeeeee et e et e et e e eeteeeeeeaaeeeeeaaeeean 320
8.8 USAZE INOLES ...ttt ettt ettt ettt b e b et e e ettt sat e bt et e et e ea e bt e bt e b e et e enteeaeas 321
8.8.1 Module Stop Mode SELtng ........cccovererimeriririeieiereerenesrese et 321
8.8.2  ON-ChiP RAM ..ottt ettt esaeesse e e enseas 321
8.8.3  DTCE Bit SELtINZ...ccueeivieieiierieriieieeieeteetesieeteeseeeesaesseesseessesssesssesseesseessenssens 321
8.8.4 DMAC Transfer End INtEITupt.........cocceveereeniiniinienieneeececee et 321
8.8.5  Chain TranSTer ......cc..ooiiiiiiiieiii e e et 321
SeCtioN 9 T/O POILS ...t as 323
L2 B o0’y A OO O OO P PO RO PPRRRRR 327
9.1.1 Port 1 Data Direction Register (PIDDR)........ccccceeiiiriiiiiiiienieiieeiee e 327
9.1.2  Port 1 Data Register (PIDR).....cccccocueriiniiniiiirieiiccececeteeeeee e 328
9.1.3  Port 1 Register (PORTL)....ccooiiiiiiieieece e 328
9.1.4  Pin FUNCHONS ....oviiiiiiiee ettt e et et e e et e e e eeaaeaeeeaneas 329
0.2 POTE 2ttt ettt et e st e e b e e aa e e e tb e et be e abe e taeeaaae e bbeeaaeebaeesaeetaeenaeennes 337
9.2.1 Port 2 Data Direction Register (P2DDR)........ccccceviiiniiriiiinieniieiieeeeeeeeieene 337
9.2.2  Port 2 Data Register (P2DR).....ccccueiriiiriiiiiieniieniteeieestee sttt 338
9.2.3  Port 2 Register (PORT2)....cc.cooiiiiiiiriinieniteeeeee ettt 338
9.2.4  PiN FUNCHONS ....oviiiiiiiie ettt et et e e et e e e eeaneaeeeaneas 339
LS T o0’y A PSR SR PP 347
9.3.1 Port 3 Data Direction Register (P3DDR).........cccceerieiiiriirieieeeeeeeeeeee e 347
9.3.2  Port 3 Data Register (P3DR).....ccccueiriiiiiiiiiieriieniteeeeestee sttt st 348
9.3.3  Port 3 Register (PORT3) .c...ciiiiiiiiiiiieeiie ettt sttt 348
9.3.4  Port 3 Open Drain Control Register (P3ODR).........cccceevieriininniiniiinieneenceieee, 349
9.3.5 Port Function Control Register 2 (PFCR2).........cccociiiiiiiiiniineiieeeeeeee 350
9.3.6  Pin FUNCHONS ....oviiiiiiiie ettt e et e e eeaae e e eeaneas 351
04 POTT Aottt et e et e et e e e e e b e et e e e tb e et b e e e abe e tbeearae e tbeentaeebaeetaeebaeenaeenses 354
9.4.1 Port 4 Register (PORTA) .....coouiiiiiiiiieeiie ettt st s 354
9.4.2  Pin FUNCHONS ....uviiiiiiiiecciiee ettt e ettt e et e e stve e e e abae e eavaeeesnaseeeesesaeeennnnas 355
LS T o0’ § A OO 357
9.5.1 Port 5 Data Direction Register (PSDDR).........cooceeiiiiiiniiniiieieeeeeeeee e, 357
9.5.2  Port 5 Data Register (PSDR)......ccccooiiiiiiiiiie e 357
9.5.3  Port 5 Register (PORTS).....coooiiiieiieieeecesee ettt 358
0.5.4  Pin FUNCHONS ....uviiiiiiiie ittt ettt e et e e etve e e e aba e e earaeeessaseeeesesaeeeneseas 358
0.0 POTE 8.ttt ettt ettt et e h et e e bt e et e e bae e bt e ebeeeaneeanes 360
9.6.1 Port 8 Data Direction Register (P8DDR)......c..cccceeviiiiniiniiniiienienieneeceeee, 360
9.6.2  Port 8 Data Register (P8DR).........cociiiiiiiiiiie et 361
9.6.3  Port 8 Register (PORTS).......cooiiiiiiieiieieeie ettt 361
9.6.4  Pin FUNCHONS ....oveiiiieiieeetiee et eaee e e e e e e e eeneeeeenneas 362
0.7 POTE Dttt ettt ettt et h e et e e bt et e e b e e e beeebteeaaeeanes 363

Rev.6.00 Mar. 18, 2009 Page xxvii of Iviii
REJ09B0050-0600
RENESAS



12.3  RegiSter DESCIIPLIONS ....c.eeruirieriiriieiieiieietetenteetesie ettt ettt sttt et s e resae st b eveennens 509
12.3.1 Timer Counter (TCNT) ....cccvieiiiiiiieeie ettt eriee et eeaee et e saeeebeeeseeenns 509
12.3.2 Time Constant Register A (TCORA)......ccocieiierieiieeeeeeeeee e 510
12.3.3 Time Constant Register B (TCORB) ......ccccceeviiiiniiiiniieiiiiieeeeieeee e 510
12.3.4 Timer Control Register (TCR) .....ccociiviiiriiiiiiiinieeiecieete et 510
12.3.5 Timer Control/Status Register (TCSR).......cccocerirririiniiniiiiiinieneceeeeeee, 512
| R O 1<) 14 Lo 1 OSSR 515
12.4.1 PUlSE OULPUL...cueeiiiiiiieiietiett ettt ettt et e e e be e bt e be e e eneeeaeas 515
12,5 Operation TIMIINZ . ....cc.coueriririnirieieteterest ettt ettt ettt ese et e e aeseesbesbesueeneeneen 516
12.5.1 TCNT Incrementation Timing ........cceeervieeriieriiieriieeniienieenieesee e esre e 516
12.5.2 Timing of CMFA and CMFB Setting when Compare-Match Occurs ................. 517
12.5.3 Timing of Timer Output when Compare-Match OCCUTS......c..covevrervierreneenennne. 518
12.5.4 Timing of Compare Match Clear.............cceeririeriiiiienierieeeeee e 518
12.5.5 Timing of TCNT External RESet.......cccccerimiririnirieiiieienenieeneeeeeeeeveneene 519
12.5.6 Timing of Overflow Flag (OVF) Setting .........cccceeevterininenenineeeeiecnieneneenen 519
12.6  Operation with Cascaded CONNECION ........cevcveiriiieriieriienieesiterteesteesreesieeesieeenbeeesaeeeans 520
12.6.1 16-Bit Counter MOAE .........coeeviieiiiriiniinieniteieeieete ettt 520
12.6.2 Compare Match Count Mode.........ccceeveriiriiniiniiiieientenieeieeieseese e 520
L A 11 11<) s 1 133 £ OSSR 521
12.7.1 Interrupt Sources and DTC ACHVALION .....cceeruirrieriieiieiieieieeeee e 521
12.7.2  A/D Converter ACHVAON ......cc.eeiveeieeieetieriiereerieeteeteeeeseeeseeeeeenseensesseesseesseenes 521
12,8 USAZE NNOLES ..eeuevieiiieiiiieeieeetee ettt et e sit e st e sttt e stb e e sateesabeesbteesabee st e esabeensseesasesnsseenssesnnes 522
12.8.1 Contention between TCNT Write and Clear...........ccoceeveeveeviiniienieneenencennennne. 522
12.8.2 Contention between TCNT Write and Increment ...........cccccecvevienieniinennennnennne. 523
12.8.3 Contention between TCOR Write and Compare Match .........cccccecevienienennennen. 524
12.8.4 Contention between Compare Matches A and B ..........ccooceviiiiiiiniinienienene. 525
12.8.5 Switching of Internal Clocks and TCNT Operation............cccceceevereerenenencnnenne 525
12.8.6 Mode Setting with Cascaded CONNECHiON ........c.eevvveerieeriieeniieniieenieesieenieesieenane 527
12.8.7 Interrupts in Module Stop MOdE ........ccocuiiriiiriiiiiieniienieeieeeeee e 527
Section 13 Watchdog TIMET ..........cccocviiiniiii e 529
T3] FRALUTIES ...eenteeiieeiieeeeteeeete ettt ettt ettt e b e et e bt e bt e e bt e e bt e sab et ebeeeabeeeneeeabee 529
13.2 INPUt/OULPUL PiNl...oeciiiiiiiiiieiceeecc ettt s 530
13.3  ReEZISIET DESCIIPLIONS ...eeiiiiiiieriiieiiieniteeite ettt e st e st e st e sibeesabeesabeesabeesabeesaseesaseesnseennne 531
13.3.1 Timer Counter (TCNT) . ...ooii oo 531
13.3.2 Timer Control/Status Register (TCSR).......cccocevirririiiniiniiiiicnieniceeeeeee, 531
13.3.3 Reset Control/Status Register (RSTCSR).......ccooveeriieiiiiiiiiiieeeeeeeeeeee, 533
13.4  OPCIALION. ......eiuiiiiiieiiietiet ettt ettt sttt ettt et ea e et et e et e et e e s tesbeesbeesbeebeemseeatesaeesaeenaeenes 534
13.4.1 Watchdog Timer MOde..........cccoeviiriiiniiniiiieicceeeececeeeee e e 534
13.4.2 Interval Timer MOdE .......cccocieriinieniriiiierieniceieee et 535

Rev.6.00 Mar. 18, 2009 Page xxxi of Iviii
REJ09B0050-0600
RENESAS



15.4.2 Master Transmit OPEration .......cc.eeruieuiruiertieniierieeieeteeitestee e eseeeteeaeesaeeneeeeeeneens 644

15.4.3 Master Receive OPeration........ccceeruieuiriertienieenieeiesiesicesteeseeeteeeesieesteeeeeneesaeens 646
15.4.4 Slave Transmit OPETAtiON ........c.ccuevueruirrireririrtetetentenrentesresiesreeeeeesensessensesaens 648
15.4.5 Slave Receive OPeration..........ccecueeriierieeniienieenieenieenieesreesieeesieeesseessseessseesnnes 650
15.4.6 NOISE CaANCEILT ......eouviiiiiieiiiieiicrteeett ettt sttt st saeere e 653
15.4.7 EXAMPIE Of USC....eiruiiiiiiiiiiiiieiieitenieete ettt ettt sttt et st 653
15.5 TNLerrupt REQUEST.....co ittt ettt et et bee b e b 658
15.6  Bit SYyNchronous CITCUIL.......coutirtieitieieeieeiiertiet ettt seee st ettt e st e st e beenbeeeeesseesbeenees 658
157 USAZE NOLES ...ttt et ettt et e s s s ae e 659
Section 16 A/D CONVEITET ..o 661
LO. 1 FEALUIES ...ttt ettt st sbe ettt et e e s bee s bt e b esbeeaaesaees 661
16.2  INPUt/OULPUL PINS ..ottt ettt ettt s sbee b 663
16.3  RegiSter DESCIIPLIONS ..cc..eeutieuiiiiiitietieie ettt ettt ettt e bt et eeteeaaesbeesbeeees 664
16.3.1 A/D Data Registers A to H (ADDRA to ADDRH) .......cccooiiiiiriiieieieeiees 664
16.3.2 A/D Control/Status Register (ADCSR) ...cc.coovuiiniiiiiiiiiinieeiceeeeee e 666
16.3.3 A/D Control Register (ADCR) .....ccceoviiiriiiriiiniieieerteete ettt 668
L60.4  OPETALION ...ueniiiniiiiiiiiieieeit ettt ettt ettt ettt sbt e bt e bt et eabesbtesbee s bt enbeeaeeanes 669
16.4.1  SINEIE MOGC.....couiiuieiiiiiiiienieniieeetct ettt et st saesne s 669
16.4.2  SCAN MO ...ttt sttt ettt sbe et 669
16.4.3 Input Sampling and A/D Conversion Time ........c.cocceeverinenerenieeneenienienenennens 670
16.4.4 External Trigger Input Timing........cccoeceeeviiirieinieenieeiieeee et 673
16,5 INEETTUPLS cuveeeiieetieeite et ettt ettt ettt et e et e st eeabeessbaesabeeesbtesabeesnbaesabeesnsaesabeesnsaanaseas 673
16.6 A/D Conversion Precision Definitions...........ceeervierieneineiniiiieiienieneeieeieeiesieesiee e 674
L60.7  USAZE INOLES ..ottt ettt ettt ettt ettt e s b e b e bt et e st e s et e sbe e bt et e eateeaeeebeebeenbeenteenaesneas 676
16.7.1 Module Stop Mode SEttNG ......ccc.eeuieieriieniieieeieeie ettt seee et seens 676
16.7.2 Permissible Signal Source Impedance ............cccccoceveeniininiiiienienieninienieeens 676
16.7.3 Influences on Absolute PreciSion...........cccoceerienernieriieniieneeneencnieeeesieeieeeeeenenn 677
16.7.4 Setting Range of Analog Power Supply and Other Pins...........cccccevviveierrninnnnnen. 677
16.7.5 Notes on Board DESi N ........cooueeuiriiriiniiiniieienienteniteieete ettt 677
16.7.6 Notes on N0ise COUNEIMEASUIES ........ccueerteeruereerrierteerteeteeeesieesseenseeeeeseesseenseens 678
Section 17 D/A CONVEITET .......c.couoiiiiieieerieeie e 681
I7.1 FEALUIES ....cueiiieiieriteieetc ettt ettt ettt et st sae ettt et et e saae bt e e esbeesneennes 681
17.2  INPU/OULPUL PINS ..ottt ettt sttt st st e b e st e sabaeeaneas 683
17.3  RegiSter DESCIIPLIONS ..cc.veetiiuiiiiiiiieniieteeieeteeite ettt ettt sttt ettt sbee e aes 683
17.3.1 D/A Data Registers 2 and 3 (DADR2 and DADR3).......ccccooiiiiniiniiiiieieiieeee 683
17.3.2 D/A Control Register 23 (DACR23) ...c..ooiuiiiiiiieieieeee et 684
174 OPETALION ...ttt ettt ettt et e sae e st e s re e st eanesenesaeesaeeneenne 685
17.5  USAZE NNOLES .ttt ettt ettt ettt st sb e st e st e sabeesabeesabeesabeesabaesabeesabaesaseesabaennseas 686

Rev.6.00 Mar. 18, 2009 Page xxxiv of Iviii
REJ09B0050-0600
RENESAS



Section 22
Table 22.1
Table 22.2
Table 22.3

Section 23
Table 23.1
Table 23.2
Table 23.3

Section 25
Table 25.1
Table 25.2
Table 25.3
Table 25.4
Table 25.5
Table 25.6
Table 25.7
Table 25.8
Table 25.9
Table 25.10
Table 25.11
Table 25.12
Table 25.13
Table 25.14
Table 25.15
Table 25.16
Table 25.17
Table 25.18
Table 25.19
Table 25.20
Table 25.21
Table 25.22
Table 25.23
Table 25.24
Table 25.25
Table 25.26
Table 25.27
Table 25.28
Table 25.29

Clock Pulse Generator

Damping Resistance Value ..........ccooieiieiiiiiiiiiieeeeeee e 816
Crystal Oscillator CharacteriStiCs .......ceeeeeeerreruertinereneeeerenreneeseseeereeeeneesseneennes 817
External Clock Input COnditions..........ceecueerieenieeniieeniienieenieesieesieesveesreesveenene 818
Power-Down Modes

Operating Modes and Internal States of the LST .........ccccoooeeiiiiiniiniiniiiece 824
Oscillation Stabilization Time Settings ........cccceeoverieriereerenieniereee e 832
¢ Pin State in Each Processing State ...........ccccecuecienineninenenenieieienenene e 836
Electrical Characteristics

Absolute Maximum Ratings.......c.cooeriiriiniiniiiiiiinicnieeceeeee e 873
DC CharacteriStiCS (1) ....eeeiiuiiiieiieie ettt ee et e e e e eeaeeeeeaaeeeeans 874
DC CharacteriStiCS (2) ...ueeeeeueeeeeeieeeeeeeieeeeteeeeeeee e e eeteeeeeteeeeeeteeeeeeaeeeeeareeeeesseeeeenns 875
Permissible Output CUITENLS .........ccoieviieiiiriienieniceeieeie et 876
CIOCK TAIMING ..veerivieeiiieiiteeiee ettt ettt et ste et e et e e sibeesate e bbe e bt eeabeenbaesbeesnsees 878
Control Signal TimINgG.....ccocveeriiiiiieriieie ettt sbeesbee e 880
Bus TIMINE (1) cveerieieeieeieee ettt sttt et 882
BUS TIMINE (2) c.veetteieeieete ettt ettt sttt ettt ettt e s b e b et eneeeneeas 884
DMAC TIMNING ...ttt sttt ettt sre et sesaenes 901
Timing of On-Chip Peripheral Modules...........ccccoccvverimenininieniiiininenenenceee 904
A/D Conversion CharacCteriStiCS........cevieuirierieneenieneenieeneeteeeeseesreenneeseenesenens 910
D/A Conversion CharacCteriStiCS.......eeveeruirierierienieneenieenieeteeeeneesreenneeseeneeenens 910
Absolute Maximum Ratings.......c..cooeriiriiniinieiiiiinicneeecee et 911
DC CharacteriStICS (1) ..eecueeieiieeiieeriieeiieesiiesieesreesreesreessseessreessseessaeenseesssesssessnses 912
DC CharacCteriStICS (2) ..eecveereveeeiueerieeeireesreesiueesreesseessseesseesseesseessssesseessssesssessnses 913
Permissible Output CUITENLS ..........cceeviieiiiriiinieiceeieere et 914
CIOCK TAIMING ..veeiuvieeiiieiiieeite sttt ettt ste e site et e e st e e it e e ibe e bt esateenbaesbaesnsees 915
Control Signal TimINgG......ccceeviiiiriieniieie ettt st ebee e e saaees 916
Bus TIMINE (1) cveerieieeieeieete ettt st sttt 917
BUS TIMINE (2) c.eeetieieeieete ettt sttt et ettt e s b e b et e e eaeeas 919
DMAC TIMING ..ttt ettt sttt ettt sre et eaenesaenes 920
Timing of On-Chip Peripheral Modules...........ccccoccvverinenininiienieienicnencnenceee 921
A/D Conversion CharacCteriStiCS........ceveeririerienienieneenieenieereseeseesseenseesseeneenens 923
D/A Conversion CharacCteriStiCS........eevierirueriereenieneenieenieeteeeeseesreenneereenesenens 923
Flash Memory CharacteriStiCs. ......coueeruerierierienieniienieenieeie et siee e et ereeenens 924
Absolute Maximum Ratings.......c..coceeeeieienierieninininieeeeeeeeeeesesese e 926
DC CRAraCteriSTICS. . eouveeueetietietieieeite ettt te ettt st e st e bt ettt et eeae et et e enteeneenaeens 927
DC CharaCteriStICS. ..ceuveerureiriieeiteeiiteesite ettt ettt ettt st sbe e st e s bt e sateesneeaee 928
Permissible OUtPUt CUITENLS ......eevveerveeniienieeniieenie et et esiteesire et seteebeeesaeeeaeee 929

Rev.6.00 Mar. 18,2009 Page Ivi of Iviii
REJ09B0050-0600

RENESAS



Section 1 Overview

1.3

1.3.1

Pin Description

Pin Arrangement

Figures 1.3 to 1.5 show the pin arrangements of this LSI.

n|D
<T |
4B
o felpd CrSiRE
L orkezeeze
L%> - €§w§@EEEB85QQQQQQ33
Eokgazsg;ﬁamjpjﬁwammaﬁasaasaas
aoom>aoa>>wWX>oaolrraoooooooooooooooao
OCOONOUITNATODONOLTOANTODNDON O T MN
OO WWWMWMWMMWOWMWMWAONNMNNNNNNNNDNS O O OO ©O©OOO
PG2/CS2/RAS2 60 Vee
PG3/CS3/RAS3 59 %CE?/D7
AVcc 58 Ss
Vref 57 [] PE6/D6
P40/ANO/(IRQO) 56 ; PE5/D5
P41/AN1/(IRQT) 55 [] Egg;gg
P42/AN2/(IRQ2) 54 []
P43/AN3/(IRQ ) 53 u PE2/D2
P44/AN4/(IRQ4) 52 ] PE1/D1
N 5 Bl
P46/ANG u
P47/AN7/£IRQ7; 49 [J P27/PO7/TIOCBS
P94/AN12/DA2 TFP-120 48 [] P26/PO6/TIOCAS
P95/AN13/DA3 - . 47 [ P25/PO5/TIOCB4/TMO1
AVss (Top VIeW) 46 [ P24/PO4/TIOCA4/TMO0/RxD4
PG4/CS4/BREQO 45 [ P23/PO3/TIOCD3/TMCI1/TxD4
PG5/BACK 44 [] P22/PO2/TIOCC3/TMCIO
PG6/BREQ 43 [ P21/PO1/TIOCB3/TMRI1
P50/TxD2/IRQ0 42 [ P20/POO/TIOCA3/TMRIO
P51/RxD2/IRQ1 41 [ P17/PO15/TIOCB2/TCLKD
P52/SCK2/IRQ2 40 ; P16/PO14/TIOCA2
P53/ADTRG/IRQ3 39 P15/PO13/TIOCB1/TCLKC/DACK1
P35/SCK1/SCL0/(OE) 38 P14/PO12/TIOCA1/DACKO
P34/SCK0/SCK4/SDAO 37 U P13/PO11/TIOCDO/TCLKB/TEND1
P33/RxD1/SCL1 36 | P12/PO10/TIOCCO/TCLKA/TENDO
P32/RxD0/IrRxD/SDA1 35 | P11/PO9/TIOCBO/DREQ1
P31/TxD1 34 P10/PO8/TIOCA0/DREQO
P30/TxDO/IrTxD 33 E| \é'CVICI
MDO 32
MD1 31 [ WDTOVF

Vss

PC5/A5
PC6/A6
PC7/A7
PBO/A8
PB1/A9
PB2/A10
PB3/A11
PB4/A12
PB5/A13
PB6/A14
PB7/A15
PAO/A16
Vss
PA1/A17
PA2/A18
PA3/A19

PA4/A20/IRQ4

PA5/A21/IRQ5

PA6/A22/IRQ6
EMLE*

PA7/A23/CS7/IRQ7

Note: * This is an emulator enable pin. Normally, this pin should be set to low. If this pin goes high in the flash memory version,
the on-chip emulator function is enabled. At this time, pins P53, PG4, PG5, PG6, and WDTOVF function only for the on-chip emulator.

Figure 1.3 Pin Arrangement of H8S/2367F, H8S/2365, and H8S/2363
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Section2 CPU

2.1.2 Differences from H8/300 CPU

In comparison to the H8/300 CPU, the H8S/2000 CPU has the following enhancements.

More general registers and control registers

— Eight 16-bit extended registers, and one 8-bit and two 32-bit control registers, have been
added.

Expanded address space

— Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
— Advanced mode supports a maximum 16-Mbyte address space.

Enhanced addressing

— The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.

Enhanced instructions

— Addressing modes of bit-manipulation instructions have been enhanced.
— Signed multiply and divide instructions have been added.

— Two-bit shift and two-bit rotate instructions have been added.

— Instructions for saving and restoring multiple registers have been added.
— A test and set instruction has been added.

Higher speed

— Basic instructions are executed twice as fast.

2.1.3 Differences from H8/300H CPU

In comparison to the H8/300H CPU, the H8S/2000 CPU has the following enhancements.

Additional control register

— One 8-bit control register has been added.

Enhanced instructions

— Addressing modes of bit-manipulation instructions have been enhanced.
— Two-bit shift and two-bit rotate instructions have been added.

— Instructions for saving and restoring multiple registers have been added.
— A test and set instruction has been added.

Higher speed

— Basic instructions are executed twice as fast.
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Section 5 Interrupt Controller

5.3.6 IRQ Pin Select Register (ITSR)
ITSR selects input pins IRQ7 to IRQO.

Bit Bit Name Initial Value R/W Description

15t08 - AllO R/W Reserved
The write value should always be 0.

7 ITS7 0 R/W Selects IRQ7 input pin.
0: PA7
1: P47

6 ITS6 0 R/W Selects IRQ6 input pin.
0: PA6
1: P46

5 ITS5 0 R/W Selects IRQ5 input pin.
0: PA5
1: P45

4 ITS4 0 R/W Selects IRQ4 input pin.
0: PA4
1: P44

3 ITS3 0 R/W Selects IRQ3 input pin.
0: P53
1: P43

2 ITS2 0 R/W Selects IRQ2 input pin.
0: P52
1: P42

1 ITS1 0 R/W Selects IRQ1 input pin.
0: P51
1: P41

0 ITSO 0 R/W Selects IRQO input pin.
0: P50
1: P40
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Section 7 DMA Controller (DMAC)

< Normal mode setting >

Set DMABCRH

Set transfer
transfer d

source and
estination

addresses

Set number

of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

)

|

< Normal mode >

(1]

(2]

(3]

(4]

(5]

(6]

(2]

(3]
(4]

(5]
(6]

Set each bit in DMABCRH.

¢ Set the FAE bit to 1 to select full address
mode.

« Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

Set the transfer source address in MARA, and
the transfer destination address in MARB.

Set the number of transfers in ETCRA.

Set each bit in DMACRA and DMACRB.

« Set the transfer data size with the DTSZ bit.
« Specify whether MARA is to be incremented,
decremented, or fixed, with the SAID and

SAIDE bits.

¢ Clear the BLKE bit to 0 to select normal
mode.

« Specify whether MARB is to be incremented,
decremented, or fixed, with the DAID and
DAIDE bits.

« Select the activation source with bits DTF3 to
DTFO.

Read DTE = 0 and DTME = 0 in DMABCRL.

Set each bit in DMABCRL.

» Specify enabling or disabling of transfer end
interrupts with the DTIE bit.

« Set both the DTME bit and the DTE bit to 1 to
enable transfer.

Figure 7.12 Example of Normal Mode Setting Procedure
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Section 7 DMA Controller (DMAC)

} 1 block transfer ' ' 1 block transfer }
i DMA DMA DMA i Bus | DMA DMA DMA | Bus
Bus release 1 read . write . dead release! read write dead | release

o MU L UL UL L UL
L | L | 7

) )

DREQ

T
I
) I

|
)l ) )
A S (
|
) ! ) )
Al ( (4
|
|

Address
bus

X j:XTransfer source Transfer destination
[(§

DMA
control Idle ‘ ! )qeadx erte

|
|
i
| | [ |
Request clear period Request| Request clear period 3
— e (e e
|
|
|
|

n @ K] 4 B (6] [7]

Dead} Idle X:Readx Write} X Dead X Idle

|

|

i

i

| |

| |

(o

jTransfersource} Transfer destination K

i

|

i

|

i

|

|

i

|

i

|

Channel Request;
|
Minimum 3 3 Minimum 3
of 2 cycles | . of 2 cycles |
| | i | |
| | | | |
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising edge of ¢,
and the request is held.

[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.

[3] [6] The DMA cycle is started.

[4] [7] Acceptance is resumed after the dead cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of ¢, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure 7.25 Example of DREQ Pin Low Level Activated Block Transfer Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next ¢ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pin is
possible, the request is held in the DMAC. Then, when activation is initiated in the DMAC, the
request is cleared. After the end of the dead cycle, acceptance resumes, DREQ pin low level
sampling is performed again, and this operation is repeated until the transfer ends.

7.510 DMA Transfer (Single Address Mode) Bus Cycles

Single Address Mode (Read): Figure 7.26 shows a transfer example in which TEND output is
enabled and byte-size single address mode transfer (read) is performed from external 8-bit, 2-state
access space to an external device.
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Section 14 Serial Communication Interface (SCI, IrDA)

The timing for setting the TEND flag depends on the value of the GM bit in SMR. The TEND
flag generation timing is shown in figure 14.27.

/0 data Ds DO |D1|D2|D3|D4|D5|D6|D7|Dp| iDE:

TXI Guard
(TEND interrupt) time

12.5etu .
When GM =0

11.0etu '
When GM =1 '

Legend:

Ds: Start bit

DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Note: etu: Elementary Time Unit (time for transfer of 1 bit)

Figure 14.27 TEND Flag Generation Timing in Transmission Operation
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Section 15 I°C Bus Interface2 (11C2) (Option)

SCL

SDA

Output

Transfer clock

control

Noise canceler

Output

control

Noise canceler

Legend:
ICCRA:
ICCRB:

Internal data bus

generation
circuit
Transmis_sion/ ICCRA
reception
—] control circuit
ICCRB
1— ICMR
ICDRT
SAR
ICDRS -]
Address
comparator
ICDRR
—| Bus state
decision circuit
| Arbitration
decision circuit ICSR
ICEIR

I°C bus control register A
I?C bus control register B

ICMR:  I°C mode register
ICSR:  I’C status register

ICIER:  I°C interrupt permission register

ICDRT: I°C transmission data register
ICDRR: I°C reception data register
ICDRS: I’C bus shift register

SAR: Slave address register

| Interrupt

— Interrupt request

generator

Figure 15.1 Block Diagram of I'C Bus Interface2
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Section 15 I°C Bus Interface2 (11C2) (Option)

. Clear RDRF after reading ICDRR every time RDRF is set. If 8th receive clock pulse falls
while RDRF is 1, SCL is fixed low until ICDRR is read. The change of the acknowledge
before reading ICDRR, to be returned to the master device, is reflected to the next transmit
frame.

. The last byte data is read by reading ICDRR.

SCL
(master output) 9 1 2 3 4 5 6 7 8 9 1
(mastroupuy ] \ o7 ) eite Y mies Y eia s \ oz \ees Y eno/  \ewr )\
SCL

(slave output)

(slav??)ﬁtput) _\_ﬂ
RDRF ' \

ICDRS ,) \

X Data 1 \ % Data 2

\
ICDRR X1 X | [paa1
User v v

rocessin
P 9 [2] Read ICDRR (dummy read), and clear RDRF. [2] Read ICDRR, and clear RDRF.

Figure 15.11 Slave Receive Mode Operation Timing 1
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Section 19 Flash Memory (0.35-um F-ZTAT Version)

1.

Initial state

The old program version or data remains written
in the flash memory. The user should prepare the
programming control program and new
application program beforehand in the host.

Host

Programming control
program
New application
program

This LSI

| SClI
NN Boot program

Flash memory RAM

Application program
(old version)

3. Flash memory initialization

The erase program in the boot program area (in
RAM) is executed, and the flash memory is
initialized (to H'FF). In boot mode, entire flash
memory erasure is performed, without regard to

blocks. Host

New application )
program
This LSI
Flash memory RAM

Boot program area

Programming control
program

Flash memory
prewrite-erase

2. Programming control program transfer

When boot mode is entered, the boot program in
the chip (originally incorporated in the chip) is
started and the programming control program in
the host is transferred to RAM via SCI
communication. The boot program required for
flash memory erasing is automatically transferred
to the RAM boot program area.

New application
program
This LSI
N SCI
k Boot program ‘ 1
Flash memory RAM

Boot program area

Programming control
program

Application program
(old version)

. Writing new application program

The programming control program transferred
from the host to RAM is executed, and the new
application program in the host is written into the
flash memory.

Host

This LSI

RAM

Flash memory

Boot program area

Programming control
L\ program

New application
program

Program execution state

Figure 19.3 Boot Mode
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Section 19 Flash Memory (0.35-um F-ZTAT Version)

19.11 Usage Notes

Precautions concerning the use of on-board programming mode, and programmer mode are
summarized below.

1.

Use the specified voltages and timing for programming and erasing.

Applied voltages in excess of the rating can permanently damage the device. Use a PROM
programmer that supports the Renesas microcomputer device type with 512-kbyte on-chip
flash memory (FZTATS512V3A).

Do not select the HN27C4096 setting for the PROM programmer, and only use the specified
socket adapter.

Reset the flash memory before turning on/off the power.

When applying or disconnecting Vcc power, fix the RES pin low and place the flash memory
in the hardware protection state. The power-on and power-off timing requirements should also
be satisfied in the event of a power failure and subsequent recovery.

Use the recommended algorithm when programming and erasing flash memory.

The recommended algorithm enables programming and erasing to be carried out without
subjecting the device to voltage stress or sacrificing program data reliability. When setting the
P or E bit in FLMCRI1, the watchdog timer should be set beforehand as a precaution against
program runaway, etc.

Do not set or clear the SWE bit during execution of a program in flash memory.

Wait for at least 100 us after clearing the SWE bit before executing a program or reading data
in flash memory.

When the SWE bit is set, data in flash memory can be rewritten. When the SWE bit is set to 1,
data in flash memory can be read only in program-verify/erase-verify mode. Access flash
memory only for verify operations (verification during programming/erasing). Also, do not
clear the SWE bit during programming, erasing, or verifying.

Do not use interrupts while flash memory is being programmed or erased.

All interrupt requests, including NMI, should be disabled during programming/erasing the
flash memory to give priority to program/erase operations.

Do not perform additional programming. Erase the memory before reprogramming.

In on-board programming, perform only one programming operation on a 128-byte
programming unit block. In programmer mode, too, perform only one programming operation
on a 128-byte programming unit block. Programming should be carried out with the entire
programming unit block erased.

Before programming, check that the chip is correctly mounted in the PROM programmer.
Overcurrent damage to the device can result if the index marks on the PROM programmer
socket, socket adapter, and chip are not correctly aligned.
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Section 19 Flash Memory (0.35-um F-ZTAT Version)

Wait time: x Wait time: x Wait time: x Wait time: x
Programming/erasing Programming/erasing Programming/erasing  Programming/erasing
possible possible possible possible
x4 ma x4 *4 *4
; AR T TR TR T T
tosci
+#
Vee
*2
tvips
s
MD2 to MDO m. X
twps
tFiESW
A +
RES Y/ | /
SWE SWE
SWE bit set N , cleared
P N P N | |
Mode Boot Mode User  User User  User User mode User
change*1 mode change*! ~mode program mode program program
mode mode mode

[ Period during which flash memory access is prohibited
(x: Wait time after setting SWE bit)*3

[0 Period during which flash memory can be programmed
(Execution of program in flash memory prohibited, and data reads other than verify operations prohibited)

Notes: 1. When entering boot mode or making a transition from boot mode to another mode, mode switching must be
carried out by means of RES input. The state of ports with multiplexed address functions and bus control output
pins (AS, RD, HWR, LWR) will change during this switchover interval (the interval during which the RES pin
input is low), and therefore these pins should not be used as output signals during this time.

2. When making a transition from boot mode to another mode, a mode programming setup time typs (min) of 200
ns is necessary with respect to RES clearance timing.

3. See section 25.2.5, Flash Memory Characteristics.

4. Wait time: 100 us

Figure 19.10 Mode Transition Timing
(Example: Boot Mode — User Mode <> User Program Mode)
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Section 20 Flash Memory (0.18-um F-ZTAT Version)

e Flash Program Code Select Register (FPCS)
FPCS selects the on-chip programming program to be downloaded.

Bit Initial
Bit Name Value R/W Description
7to1 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
0 PPVS 0 R/W Program Pulse Verify

Selects the programming program.

0: On-chip programming program is not selected
[Clear condition] When transfer is completed

1: On-chip programming program is selected

e Flash Erase Code Select Register (FECS)
FECS selects download of the on-chip erasing program.

Bit Initial
Bit Name Value R/W Description
7to1 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
0 EPVB 0 R/W Erase Pulse Verify Block

Selects the erasing program.

0: On-chip erasing program is not selected
[Clear condition] When transfer is completed

1: On-chip erasing program is selected
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Section 20 Flash Memory (0.18-um F-ZTAT Version)

(4) Inquiry and Selection States

The boot program returns information from the flash memory in response to the host’s inquiry
commands and sets the device code, clock mode, and bit rate in response to the host’s selection

command.

Inquiry and selection commands are listed below.

Table 20.11 Inquiry and Selection Commands

Command Command Name Description
H'20 Supported Device Inquiry Inquiry regarding device codes
H'10 Device Selection Selection of device code
H'21 Clock Mode Inquiry Inquiry regarding numbers of clock modes and
values of each mode
H'11 Clock Mode Selection Indication of the selected clock mode
H'22 Multiplication Ratio Inquiry Inquiry regarding the number of frequency-
multiplied clock types, the number of
multiplication ratios, and the values of each
multiple
H'23 Operating Clock Frequency Inquiry regarding the maximum and minimum
Inquiry values of the main clock and peripheral clocks
H'24 User Boot MAT Information Inquiry regarding the number of user boot
Inquiry MATSs and the start and last addresses of each
MAT
H'25 User MAT Information Inquiry Inquiry regarding the a number of user MATs
and the start and last addresses of each MAT
H'26 Block for Erasing Information Inquiry regarding the number of blocks and the
Inquiry start and last addresses of each block
H'27 Programming Unit Inquiry Inquiry regarding the unit of programming data
H'3F New Bit Rate Selection Selection of new bit rate
H'40 Transition to Erasing of user MAT and user boot MAT, and
Programming/Erasing State entry to programming/erasing state
H'4F Boot Program Status Inquiry Inquiry into the operated status of the boot

program

The selection commands, which are device selection (H'10), clock mode selection (H'11), and new
bit rate selection (H'3F), should be sent from the host in that order. These commands will certainly
be needed. When two or more selection commands are sent at once, the last command will be

valid.
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Section 25 Electrical Characteristics

Item Symbol Min Max Unit  Test Conditions
Address read data access time 1 taas — 1.0xt, —20 ns Figures 25.6 to
Address read data access time 2 tano — 1.5 xt,-20 ns 25.19

Address read data access time 3 tans — 20xt,—20 ns

Address read data access time 4 tans — 25xt,-20 ns

Address read data access time 5 tans — 3.0xt,—20 ns
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Appendix

Instruction 1 2 3 4 5 6 9
BGE d:16 R:W 2nd 1 state of R:W EA

internal

operation
BLT d:16 R:W 2nd 1 state of R:W EA

internal

operation
BGT d:16 R:W 2nd 1 state of R:W EA

internal

operation
BLE d:16 R:W 2nd 1 state of R:W EA

internal

operation
BCLR R:W
#xx:3,Rd NEXT
BCLR R:W2nd R:B:IM R:W:M W:BEA
#xx:3,@ERd EA NEXT
BCLR R:W2nd R:B:IM R:W:M W:BEA
#xx:3,@aa:8 EA NEXT
BCLR R:W 2nd R:W 3rd R:B:.M R:W:M W:BEA
#xx:3,@aa:16 EA NEXT
BCLR R:W 2nd R:W 3rd R:W 4th R:B:M R:W:M W:B EA
#xx:3,@aa:32 EA NEXT
BCLR Rn,Rd R:W

NEXT

BCLR R:W2nd R:B:IM R:W:M W:BEA
Rn,@ERd EA NEXT
BCLR R:W2nd R:B:M R:W:M W:BEA
Rn,@aa:8 EA NEXT
BCLR R:W 2nd R:W 3rd R:B:.M R:W:M W:BEA
Rn,@aa:16 EA NEXT
BCLR R:W 2nd R:W 3rd R:W 4th R:B:M R:W:M W:B EA
Rn,@aa:32 EA NEXT
BIAND R:W
#xx:3,Rd NEXT
BIAND R:W 2nd R:BEA R:W
#xx:3,@ERd NEXT
BIAND R:W2nd R:BEA R:W
#xx:3,@aa:8 NEXT
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Appendix

Instruction 1 2 4 5 8 9
SHAR.B #2,Rd R:W

NEXT
SHARWRd R:W

NEXT
SHAR.W R:w
#2,Rd NEXT
SHAR.LERd R:W

NEXT
SHAR.L R:w
#2,ERd NEXT
SHLL.B Rd R:wW

NEXT
SHLL.B #2,Rd R:W

NEXT
SHLLWRd RW

NEXT
SHLL.W #2,RdR:W

NEXT
SHLL.LERd R:W

NEXT
SHLL.L R:wW
#2,ERd NEXT
SHLR.B Rd R:W

NEXT
SHLR.B #2,Rd R:W

NEXT
SHLRWRd R:W

NEXT
SHLR.W R:w
#2,Rd NEXT
SHLR.LERd R:W

NEXT
SHLR.L R:w
#2,ERd NEXT
SLEEP R:W Internal

NEXT  operation:

M
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