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SEETS | /b/d1,/gl,/d3/ fdr Idzl, II18 21 31 Il Jend nd eyl U Awi

AERSRAZER. TEANRAEMNTERL.

BRAERERERASEHNAE; WAFLAEMNBA—IEEs—1

TEEY, BRASNE—MENKLRE, BAERE, AKFE.
BRSREHER. HESHREEMREERAE.

FEHERERERRR; WS & SRETIRE.

4, Hf5: ARERFTRNFS. ATERSFHRE, SHEHRERES /A.

5. BEPN—NFHAFHEGEFFANRRP LT VRIS —HR0, MERR

RENEHFRYFRAS BATERTLER.

6, FAEY: UABEFHERIU-NAEFEN— I HEFEENT LT e FR

(rBsh) WET. AEFR/EATTHIEKS, DZFENEHRT.

AES: U—1MRAMFEEFE CBRIN SBE. iEFEEASTHIEES.

2. ig:

3. HE:

a e i (] u
FEs ler/ fiz/ a1/ fau/ fju:/ or fu:/
B name we she hi white go note use
g leel lel 1/ /ol IA]
HIE TS map desk sit clock cup
#E3i #/iA

FiARiEF T AMBYETNE, TUSAETERANEERRAAL.
1. ¥F/RBI: HFENHA, 5, MBRFEENEH. F— 1 FREREXE.

e.g. Jim Green, New York, Bank of China, Peking University

B, Af. ¥H. 8. BAUGHEREFEA.

e.g. Monday, May, Christmas, Spring Festival, Maths, China Daily
2, BiERE: ER—EASYRMREESHER. TERRANALS AL

MEZIA— RTRELARFATANME, 20: student, desk
SBHRA— TTRETMEERNESTE, W: cass, family

MRBIN— JRIES R MEIIRSBTR, W: water, rice , sand, hair
HREIH— ZTRER, RS, RESHREM, W: love , carelessness
MEBIEAMEXRZASHATLURAKERITE, RATHRIE, 55 FHER;
YRBIAMNPMRBABETEZARETE, RATTHSRIE, —RIEG—ER.

i B



O &£FBEAREE—TEEN, REABHEE.

e.g. His family was well known in the town. fbREEE R BITE K.
@ H£HBIARBFETMINEER, BEERHTS.

e.g. His family are waiting for him. #h&9% A EFEZ .
@ K@RARESMESNH, hHEEHF K.

e.g. Our village is made up of 300 families. #1434 300 A AZK.

3. AR IR E BRI EHRL N -
O —RBAERREEM s, FHERR s/, MHENAERR 2/

e.g. book-books, bag-bags, cat-cats, bed-beds
@ Els. x\ sh. ch&R&, fmes, &/ 12/
e.g. bus-buses, box-boxes, brush-brushes, watch-watches
Q@ LHEEFB+y ZE, Ty Ri, Bines, &Ez/
e.g. baby-babies, library-libraries, factory-factories
@ pfkfestE, Tfxkfeyv, Biles, 18/ vz/
e.g. thief —thieves, knife—knives
® Ko 4R, RREEGHMEEM s, RRBEGOAGE, Mes, #ig/z/

e.g. photo-photos, piano-pianos, radio-radios, zoo-zoos

potato-potatoes, tomato-tomatoes, mango-mangoes, hero-herces

© FHMEL

e.g. man—men woman—women policeman—policemen
child—children mouse—mice ox—oxen
foot—feet tooth—teeth goose—geese
fish—fish sheep—sheep deer—deer

A fish RIBHNERERE, REHER; Rrar#AEet, SHH fishes.

e.g. My cat had two fish for lunch.

You can see a lot of different fishes in the lake.

4. FAREBR—RRABER, SEEHER, BRFAUMENRIART—ENLNE.
MRFEBN AN U LGSR, BRAFTEAERER, FTAERIEFFE.
e.g. a bottle of water , a cup of coffee, two glasses of milk , five bags of rice
A XMEXATFIHEEIAN, BANTHRERSEREH.

e.g. ten baskets of eggs
5. BERTAERI %, NATRERAT#AIEIRA:

TAT# paper K

glass IHIE iron %



wood ARk apaper —#HMR4E. 3T, X

beauty = airon —NEE

room Z=g] awood  —hH#HHK
GIE: abeauty —1EA
aglass —RIFEBHF aroom —FEE
6. BRIARER

@ FEFED, ALEZEALUN's RETABXRER, HTERMEAENBIEARRIRAZE
WA, XERRFEENNERA.

e.g. Tom's book
@ MREHBARECHs, BEEM '’ .

e.g. the teachers’ office
@ MRE—LYRABERE, RFEF—TZIEBMW'S ;

nRAZBMA, WEESTRAENS.

e.g. Lucy and Lily’s bedroom. (Lucy #1 Lily #£B—"EM=)

Lucy's and Lily’s bedrooms. (Lucy #1 Lily £5)#5 & BHENE)

@ RTREERNPEFENZINAARE, —R5S of MiBEAM.

e.g. amap of the world , a photo of my family
© REFAHK: Lof IARI's FARESE—ERTHEXER.

e.g. a friend of my father's

Fa4ix =EiA

"iA— AR AERIRANATE, MAEAEREEM, TESTZIRNLMEE.
1. FEREiA a, an AEERAIREIEANE, ZE—LARDPHEA—.
@ a ATHEEEFLNZIAZH. eg. abed, acomputer, a“U”
@ an ATREERFLMEZiAZH. eg. anegg, anumbrella, an hour
2. EREF the AR ER TR RITG, LATAAETTHRZF.
@ FRIFHENAZAIAT.

e.g. The man with a flower in his hand is Jack.
@ #EUEAR S EAEN A SAIE]

e.g. Lily, close the door, please.
Q 7= EITiREE, FIRSGRBIMATHE].

e.g. There is a man under the tree. The man is called James.
@ FrtttR E— T HEYET.

e.g. The sun is bigger than the moon.
© FAEFYIARE.

e.g. ltis the first day of the new term.
© RERBBIRA.

e.g. He often plays the violin at weekends.
@ BEREFARSERA.

e.g. Spring is the best season in a year.
AERLEA AR EER T,

e.g. |wentto the Great Wall last week.
© REEREHRNOHER.

e.g. Heis from the UK.
3. FRiE: BEHTAZENER.



#FN. A 28 HRE. =#®. RAESHEAEHE], BETHAEIRE.
e.g. have breakfast , play basketball, play chess

E5i Kid
1. AR =R R B A1 R0t ATEYIE.

#® = ftb it B A1 [ RN D
15 | you he she it we you they
B me you him her it us you them
OER—MRAEGDFALBERE, BERENRER.
e.g. |am astudent. They are cleaning the classroom.

QERAILIARERDMETANNR, —KAERMMTEER.
e.g. Ask her, please. Listen to me carefully.
2, PERIE: "EFEXENKIFMNHERI.

HEY | fRE0 | fEY | tBEY | BB | RO | RO | B0

BRI | my your his her | its our your their

% 17 | mine | yours his | hers | its ours yours | theirs

OFFAMYERIDEE—RES L &1F. a1: mywatch, his cousin, our school
QBIEAMYERIALSRAIUEERZRIE, SHETREBMNZIE, ATRMER.
e.g. —lIsthatyourbike? —No. Mine is blue.
3. FENIE: RERBRIEEREED (&) APRiaMFERRAE.
(1)some #0 any
R —L, BEATLUMSIRAT8EE, Al LUEIRT AT EE .
@ some L AAEFEEAT, any TAAEBEQAMEEGT.
e.g. There are some flowers in the garden. (FEH))
There isn't any milk in the fridge. (FES))
Do you have any hobbies? (£E[5)a])
@ EFRFNBENFEN AL TFEEEENEE TP HER some.
e.g. —Would you like some coffee? —Yes, please. (i&iF)
—Mum, can | have some peaches? —Sure. (FExHFAFEERE)
(2) both 70 all
@ both RARFENE......", RIFRFISIHEATHER.
e.g. We are both policemen. GZi##EA)
@ all R EANREADLUEE.....", EAHERSKEATR R, LaEREERR
AIEEiE.
e.g. They are all in the room. (EH=A)
(3) many #1 much #FRF%E", many IFRI¥%Bi7, much EEFATEER.
e.g. My uncle has many stamps. There is much tea in the cup.
(4) each #ll every
each BN A, EBANRAE MU LMARBYRHED; every RIBEFZA
HFPH R, 5al WEBHIE.
e.g. [llibuyapresentforeachofherparents. HZEAHARBEAL—HLY.




Every book in his study is interesting. thBEEMNSEBHREE.
(5) other ERAZAMERRHAM", ERIFREENIS, HE—RIEFHZIA.
e.g. We study Chinese, English, Maths and other subjects.
(6) something #1 everything
@ something #£%; %4 e.g. |wantsomething to drink.
@ everything —{1%4); S#F4 e.g. Tell me everything about you.
(7) nobody #HA e.g. She likes nobody and nobody likes her.
4. ERiEMRIR): AsEFIAEECIHARERISAMNKIA, —RIBELEEANAE.

what @t 4 —What's your name? —My name is Tom.

What colour Bt —What colour is your coat? —It's red.

what day R —What day is it today? —It's Monday.

what date ja] A —What date is it today? —It's the first of June.

what shape [REEN —What shape is the moon? —It’s round.

what...job B T1E —What's your father's job? —He’s a bus driver.

what time ja] B &) —What time is it? —It's ten o'clock.

when ja] A& —When is your birthday? —It's on the first of May.

which ] gpA~ —Which is your watch, this one or that one?
—That one.

where ja)ih & —Where is my pen? —It's on the floor.

who a3 —Who is the boy with big eyes? —He’s Liu Tao.

whose [ElERY —Whose bag is this? —It's Helen's.

why o) R & —Why are you absent today? —I'miill.

how BAR —How do you go to school? —By bus.

how many jE1¥ = —How many books are there? —There are five.

how much iB#h$% | —How much is it? —Twenty yuan.

how old Bl —How old are you? —I'm twelve.

how far kiR —How far is it from here? —It's about one
kilometer.

how about ja) & —I'm thirsty. How about you? —Me, too.

5. #ERKiE

@ this (X)), these (JXLk) FRFEMiE] Loz E HBERAI AT,
@ that (FB). those (FBLL) FRix7ERTiE) L3Rz 8 LB ALY .
HEeit HAR
FEm AR RIRAHNAIE, "RTALEYER. REMEHE. ERIER
EWAEWRIE IR T8, AT be 3hia#0 look. feel. taste. sound. get /5.
EFED, BREREE1EFR, RS ERETNEEE.
1. BRAHE'FER'NARR, &K as+ER+as, "Rxx Fxx —H......"
e.g. Are you as tall as your twin sister?
HEEERXEWH: not+as+[EH+as, Frxx Flxx F—#....."
e.g. I'mnot as tall as you.
2. "RME LR MALES, S0k EBRE+than, TR XX xxx E......"
e.g. He’s one year younger than me.
RAFHLREMFIRESD
@ —RREERRM er




e.g. taller, longer, stronger, younger
LFReZRE, Rinr
e.g. late—later, nice—nicer
UHEFS+y SR, Ty hi, Ber
e.g. heavy—heavier
NEXERHNHEFE, Aer
e.g. fat—fatter, thin—thinner, big—bigger
WETMZSEVHIRANLEERE, £REAM more
e.g. more beautiful, more careful
FHRN LW
e.g. good-better, many/much-more, far-farther, bad /ill-worse
=ARENLLER AR FHITIE, ARESRARSER.
A the + REBIREER +in/of FRTFEEMNEIE, T-'%m..... 0
e.g. Autumn is the best season in New York.
She is the tallest girl of our three.
27 BEiR
1. BIAR—FAREHSHASAEERNA, WHIAE., 2E, ARAEFHS. XS]
ENEE AT LUSEShiRE E .
e.g. dance beautifully, listen carefully, sit quietly, speak loudly, very happy
AR LR LN S H Z R RBEEHEE, Ly HREMEIE—AA more.
e.g. more carefully , more quietly
F8ik A
AN METER, 2—MARZRASE. A50ZEXRNE, E—REE
&in. i (R48) =zhia (shia ing B3N @M.
1. in
@ #......BHE. #: inthe classroom
@in+5if, FE..... A8RKE. @: Who's the man in white?
@ in+i85, AEMIESH. 0: What's this in English?
@ #ZELEH. T4, BeL. 20: inthe morning, in the afternoon, in the evening
® £, B FYE0. 0: in 2008, in August, in summer
© FEEZR. HhRMBAKMASRET. : in China, in Wuxi, in the playground
@ EE#EE. W: inthe middle of (#......E), dowellin (}84), in the day
(fEBX), takepartin (£M0), stayinbed (J§#EK L), in the street (FE#H L)
2, on
@F...... kM. #0: onthe desk
Q@REF—X (k. T4) Bl. 2% on the 5 of May, on Sunday, on Monday morning
QUL Day Z£EB#¥5HHET. 20: on Children’s Day, on New Year's Day
@EEHEE. 0 on foot (#£47), onduty ({&H), puton (L), geton (L&)
turn on (¥T7F), on theright/left (F£&8/Z&38), onthe wall (fE35 L), on
Zhongshan
Road (7Edhili#g k)
i B R EKAKRA on the tree; =8 LICHISMREIA in the tree.
40: | can see a lot of apples on the tree.  There is a boy in the tree.
3. at

®©® 6 ® @ ©

w

2

-



2 two 12 twelve 22 twenty-two
3 three 13 thirteen 30 thirty
4 four 14 fourteen 40 forty
5 five 15 fifteen 50 fifty
6 six 16 sixteen 60 sixty
7 seven 17 seventeen 70 seventy
8 eight 18 eighteen 80 eighty
9 nine 19 nineteen 90 ninety
10 ten 20 twenty 100 | hundred

ER: HF0RLLE(E zero”, WMATLUE(EFE 0"
2, F¥IR: FRIGFES.

1st | first 11th | eleventh 21st | twenty-first
2nd | second 12th | twelfth 22nd | twenty-second
3rd | third 13th | thirteenth 30th | thirtieth
4th | fourth 14th | fourteenth 40th | fortieth
5th | fifth 15th | fifteenth 50th | fiftieth
6th | sixth 16th | sixteenth 60th | sixtieth
7th | seventh 17th | seventeenth 70th | seventieth
8th | eighth 18th | eighteenth 80th | eightieth
9th | ninth 19th | nineteenth 90th | ninetieth
10th | tenth 20th | twentieth 100th | hundredth
BT FRITRIZOR:

— I\ =, EEQ, \Et, hi¥ie, ve RN, fRILH,

ty ZREAR, y¥ie, Hinth, HEEZ/L+/L, AIEBEFIIEIE.

103 EiA

Hin, mEAY, 2—FEEEERMAE.
1. and “fn", TRHFIXE.
4n: There are some desks and chairs in the classroom.
2. butBE", FREEXAR.
n: You can skate well, but | can’t .
3. or ‘B R", FRiEEXR.
40: Would you like a glass of milk or a cup of tea?
i B mRESEEQP, HRLHIIXEREN, THand, TH or.
40: Do you have any brothers or sisters?
| don’t have any brothers or sisters.



MR BFRIAT. fn: at seven o'clock
Q1EtEGT HAT. 2 at Spring Festival, at Mid-Autumn Festival, at Christmas
Q7B oM. #0: at the bus stop
@EE#ER. fn: atonce (7%, ), begoodat (JEIK...... ), look at (&),

athome (F#£2X), atschool (#3#:) , at weekends (FEfEZ) , at the back of

(#......]5%8) , at night (FE&®K)
4, under f ... FME %A: Thereis a cat under the table.
5. behind fE.....[FE %0: There is an umbrella behind the door.
6. near &if...... #n: There is a park near my house.
7. beside ZE...... 3558 #0: The students are standing beside the teacher.
8. next to ¥&H......35ih N: The teachers’ office is next to our classroom.
9. before (BfEIE) #.....Z8I 0: before class (EiRaED
10, after (RfEL) #.....Z2E; KR
ElEHAE: after class (iRf5), after school (J&/5), look after (&), run after
(38#t), read after me (PRILIE)
11, between F@MEZ[E I0: There are some trees between Building A and
Building B.
12, by FEEH#FE IR 0: by bus, byplane, bythe way (JF{@i#—T)
13. from
(Mbe from = come from (EH...... ) 3A: Mr Smiths is/comes from Australia.
@from...to... (M......El......) We go to school from Monday to Friday.
14, to  E, *..... B0: Let's go to the zoo. EIZEIHA: write to (4 xx B15)
15, about XxTF; K

40: | want to buy a book about animals.  It's about one kilometer away.

16, for A, ... 4n: Here’s a letter for you. What's for breakfast?
EIZEEA: look for (F3%), wait for (FE)

17. with

D= . —i#2. %: I'll go shopping with my mother.

QEBFMHE. tn: Who's the boy with big eyes?
@help... with... EXEFEHEIEA W: Can you help me with my English?
@play with... #1.....—#&¥r; £.....50 #: play with me, play with a yo-yo
18, in front of #£......BIE &A: There is a tree in front of the classroom.

in the front of #...... BIER #n: There is a blackboard in the front of the
classroom.
19, along A%, WAEF 0: Go along this street.
20, as {EX #n: What would you like as a birthday present?
21, outof M.....H3%; f......2z% 20: The dog is running out of the house.
22 T | A— B, BF...... 2: amapof China , amap of the world
23, off BF, #E.....2Z5% 20: keepoff the grass (ZIBEEIF), getoff (T#)
24, up @EL #: stand up (#23z), pull up carrots REAE M)
25, down [ET #0: sitdown (#7T), jumpupanddown (LETHE

F9% HiF

1. B¥R: {FR¥ESL.

1 ‘ one ‘ 1 ‘ eleven ‘ 21 [twenty-one




4, than “tt”, FRxtbEXE.
#1: Su Hai jumps farther than Su Yang.
5. because ‘EX", F"RERKR.
#0: | like summer best because | can go swimming.
6. so “Fikl", JRERXR.
#1: Helen was ill , so she didn't go to school yesterday.
F113% 7R
shin B RFMEKITHMIE. RERXFEDFHROERT LS AEREE,
Bhzhia). 1EAEhIEMITAHENE.
1. be ®hiA (am, is, are)
@ be whiAWiIBEEN, BS5EFBEARME LRF—E
RZOR: A am, {RA are, is A&EM. . B, EXLH are.
4n: |am ateacher. You are a student. Sheis a nurse. We are Chinese.
(@ be FANBERX: am not(THESHR), is not=isn't, are not=aren’t
2. BhizhiFl(do, does, did)
(D do, does BTF—AAII#ERT, does ATFE= AL, Hit AFRFHA do. Hid
=3 did BF—fid £ (1R E A AR AME E R+ . EhiaE i ER R .
#1: Do you like this film?
Does she like playing football?
| didn’t go to school yesterday.
(2) wEFZ: donot=don't, does not=doesn’t, did not=didn’t
3, 1&758hid (can, may, must, should, will, would, shall &)
ESEARRRIE AN E—SMERRTERNSE, RRTE8E, AL, "BE, @
AW, MYHFER. ESHEAREARMBNETL, FEMNIZERERE.
1) can M may #FATLAARFRRIEREAIF, {Emaytt can EER, EESL.
#: Can |l use your pen? May | come in?
2) must # should
@ must EABH, MY, SE—WHSHIES, LEER, TARE.
(@ should BARM Y, Mi%', FRrEYUSEWE, BSHEEER, BS.
40: You must finish your homework before you go to bed.
You should stay in bed and have a good rest.
3) will #1 would B-FEEEI ], FnbtiEAmARHIERZIEE, A would Lt will
BEH, EERS. W: Will you please open the window?  Would you like some
coffee?
AERXA:
I'd like... FHAEE..... ($£E£i7)  #0: I'd like some tea.
I'd like to... FAEEM...... ($EshiAER) tn: I'd like to go with you.
llike... FHEWK...... (R 1TKTNEIT) W: | like monkeys. | like reading.
4) shall £RFPRFERMNGHERL, TEATE—AR.
Z0: Shall we go there by bus?
5) {FEF: can't, maynot, mustn't, shouldn't, wouldn't, shall not
4. fThzhA
ITARENABMEERE, REGEMREXMENA. WMrun (3) |, jump (B,
listen (W) ,sing (M8) ,eat (Rz) think (8) %,




iTAshaES FrhAARMEAENEL.
EEIER, TENEEZERNIMERFENRKRE, FERTEMENTRRAREZR,
XA
- # ) & it
< +. >
—fid £t BIEEA TS — AR skt
F12iF —RIER
1. BX: ®TREFEXZELIMEMIIE. R3S, APEES usually, often, every
day, sometimes, always, atweekends, on Sundays F&T2 %M EEHEE.
2, HRk:
1) HiFER be Bhigft, —MRINEFMMA: EiE+be Fhin+HAtk
%0: | am astudent. He is Jim's father. They are from Japan.
2) HiFERITAZEN, —RIERHIIAL:
OXFE AE=ARER) +IhiAFK+Hib
10 | often watch TV at the weekends.
Mr Green and Mrs Green like collecting stamps.
@ERE (F=AREH) +RNANFEAFEREA+Eit
40: Jim usually visits his grandparents on Sundays.
She sometimes goes to the park with her mother.
3. FiF=BHEAAILIN

@ —mHERT, E#EmMs | #0: read-reads, swim-swims

@ s, x, sh, ch, o %R, 0l es | 3% wash-washes, watch-watches, do-does

©)

@ AMMEE1k 40: have-has
4, —RINERR ARG

MHEFS+y LR, Tyhi, BMes | W study-studies, fly-flies

BEA BEA —frEEic) A R B
They watch TV | They don’t watch TV | —Do they watch TV every day?
every day. every day. —Yes, they do. / No, they don’t.

She watches TV | She doesn’t watch | — Does she watch TV every day?
every day. TV every day. —Yes, she does. / No, she doesn’t.

F13% DEHITH
1. BEX: RAMEZUNRIEEH TR LERNINE. GHEF now, look, listen
Fid.
4n: 1 am washing clothes now.

Look! Liu Tao is climbing the tree.

Listen! Jane is singing in the music room.
2. #JE%: be BhiFl (amlis/are) + ZHIAIMLEST (V-ing)
3. RYAIMEFADRL:



@ mEEsHiARKEEM ing|

4n: read-reading, drink-drinking, eat-eating, look-looking

T % &M e BEMNE, Eise, BMing]

4. write-writing, make-making, ride-riding, take-taking

@ MUEZHETLE, MARRE—NHETFE, EUSEAFH, HMing)

. sit-sitting, swim-swimming, put-putting, run-running, stop-stopping,
get-getting, begin-beginning, jog-jogging, forget-forgetting
4, HBFEIHENANIMAES T, THRERIAMR (IMEER), XNEHEAMR
(ATHER.
an: Asking the way
My hobby is collecting stamps.
He is good at skating.
5. IMAEHITRIAI A BISEIR:

@

BEA BEA —fREEE A R Bl

—Is he running now?
He is running now. | He isn’t running now.
—Yes, he is. / No, he isn’t.

— i ?
They are making They aren’t making Are hey aldng & UpDe:

a puppet. a puppet.

—Yes, they are. / No, they aren’t.

Fak —gdER

1. BX: FRZERANIEELENMERFERNRS. BRRREENEERIE
%M, fn: amoment ago, just now, yesterday, lastweek, this morning 3.

an: My brother often went to school by bike last term.

The watch was beside the diary a moment ago.

| watched the moon and ate the moon cakes last Mid-Autumn Festival.

Jim went to the supermarket yesterday.
2. #Ak: EiF+shiamd xR+ Hid
3. BhiEERRMELAN -

@ HgEspiaERARM ed|

4n: play-played, listen-listened, look-looked
@ ERE e B7hiA, M d]

tn: live-lived, like-liked, taste-tasted
@ MEFF+y FRAONA, TyAi, Hined

4n: study-studied, carry-carried, cry-cried




@ XERE—IMHEFENEEAEHE, WEXIMEETSE, BEMed
4n: stop-stopped, plan-planned

® [THMEL -

am/is-was sit-sat give-gave eat-ate
are-were tell-told read-read fly-flew
have/has-had see-saw buy-bought meet-met
do-did get-got come-came put-put
go-went make-made draw-drew run-ran
say-said sing-sang swim-swam take-took
4, —fd KRR ARG
cro et — ARk i) B R B

He watched TV |He didn’t watch TV | —Did he watch TV yesterday?
yesterday. yesterday. —Yes, he did. / No, he didn’t.

They played games | They didn’'t play | — Did they play games just now?
just now. games just now. —Yes, they did. / No, they didn’t.

FA5 i —E ket

1. BN : RBELZENEERFENRKT, URTE, HREEERE. 9h—REBRIEX
BOETE4AIE, 4n: tomorrow morning, next week, this afternoon Z 3R RIGHEMBTEIRIE .
2, Hpk:

(1) be gong to +EhiAR

ZA: | am going to see a Beijing opera tomorrow.
We are going to meet at bus stop at half past ten.
Dad and | are going to see a Beijing opera this afternoon.
@ will +ZhiAER R
%0: They will go swimming this afternoon.

3, be going to F1 will XHI:

(D be going to RinZ W FARH. ITHRREEMNEN, X E—FRL%E; will MR RET
REEM, BR—E&%, WERRUEIEANIEINRE.

4n: | am going to take part in a party this evening.
They are cleaning the library now. I'll go and join them.
(@)be going to TRITHITAR THELE T will BRI REENEIT—L. 20 He is going
to write a letter tomorrow. | will meet her one day.

(3 be going to EAIARFRALRFRPREGEHELE, BERTFASEHARYUK. M: Look!
It's going to rain.
4, —RIGRETEIESEH

BEA BES —ARERiE)G) BBl &




—Is she going to have a
She is going to have a | She isn’t going to have | picnic tomorrow?

picnic tomorrow. a picnic tomorrow. —Yes, she is. / No, she
isn’t.

—Will they go swimming
They will go swimming | They will not(won’t) go | this afternoon?

this afternoon. swimming this afternoon. | —Yes, they will. / No, they
won’t.
F16% %
1. Bk

HEAEEHRRRIEARSNETF. BREH: EEHEE+HEM
1) BEFRiRSF We all like pandas very much.
2) ®/EBRAS He doesn't do housework at weekends
3) BEHRANEERFER
O—HER7E be BT FAENRE M not.
Mary was at school yesterday. —> Mary was not at school yesterday.
| can make a model plane. —>| can not make a model plane.
@F & be AN EANFN, TARDANERBIANEER (don’t, doesn’t, didn’t), &
ERENFFER -
He likes drawing pictures.—>He doesn't like drawing pictures.
| went to the park yesterday. —>I didn't go to the park yesterday.
4) Bk —mERiea
(DF be zhiAlskiB7AzhiAM, 18 be BhiRIkBERYIARERT.
Mary was at school yesterday. —> Was Mary at school yesterday?
| can make a model plane. —> Can you make a model plane?
@DTE be RhARESHIANTF, EEHBIRNAFAL, AERRERER .
He likes drawing pictures.—>Does he like drawing pictures.
| went to the park yesterday. —>Did you go to the park yesterday?
2. EEiala
FREHERE, MeERMETF, KERRS.
1) —MEEER: —REEAERRAE—HRREREE, BEL be hiA, BhanARIESHIR Xk,
A yes 3k no RE1%E, EkXMZIEEEEA, BEREIEAE.
—Is Mr Green from the UK? —Yes, heis./No, heisn't.
—Do you have any hobbies? —Yes, |do./No, |don'.
—~Can you play the guitar? —Yes, |can./No, |can't.
2) $FPREEIRE LUFREERNAS| S, B kEE R AR, TEEF yes 3k no REI%E. —How do you go
to work every day? —I go to work by car.
3) EFEEOR: RUAMKAMULER, AR E, FER or EiE.
—Would you like some tea or coffee? —Some coffee, please.
4) RERER: REECAZAMRADMMEEGRMnEEC) aER.
—It's a fine day, isn't it? — Yes ,itis.
3. #ifEq
FnAERAB LA AMREILTHYRE.
1) ATFEZAR, BEEE you.
OEEHEE : Open the door, please.

14, £HH%
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High-performance 240 MHz Arm Corlex-M33 core, up to 512 KB code flash memory with background operation, 16 KB
Data flash memory, and 64 KB SRAM with ECC. Integrated A/D converter with channel-dedicated sample-and-hold circuit
for simultaneous sampling and single-end/pseudo-differential input supportive amplifier. Integrated General PWM Timer with
200 MHz operation and high resoclution. Integrated Secure Cryptographic Engine with cryptography accelerators and key
management support in concert with Arm TrustZone for integrated secure element functionality.

Features

= Arm® Cortex®-M33 Core

& ArmvE-M architecture with the main extension
® Maximum operating frequency: 240 MHz
& Am Memory Protection Unit (Armm MPU)
= Protected Memory System Architecture { PMSAVE)
= Secure MPU (MPU_S): § regions
= Non-secure MPU (MPU_NS): 8 regions
» SysTick nmer
= Embeds two SysTick timers: Secure and Non-secure instance
— Driven by LOCO or system clock
® CoreSight™ ETM-M33

n Memory
® Up to 512-KB code flash memory
® |6-KB data flash memory (125,000 program/erase (P/E) cycles)
» 0-KB SRAM

» Connectivity
# Senial Communications Interface (SCI) = &
— Asynchronous interfaces
— B-bit clock synchronous interface
— Smart card interface
= Simple IC
= Simple S5P1
~ Simple LIN
~ Manchester coding
® 12C bus interface (11C) = 2
~ Transfer at up to 3.2 Mbps (high speed mode)
® Serial Peripheral Interface (SP1) = 2
& CAN with Flexible Data-rate (CANFD)

» Analog
& AD Converter (ADC) = 2
= Up to 16-bit resolution
- Elo 6.25 Msps
= Channel-dedicated sample-and-hold cireut = 6
- mmable Gain Amplifier (PGA) = 4
® High-Speed Analog Comparator (ACMPHS) = 4
& 12-bit VA Converter (DAC12) = 4
» Temperature Sensor (TSM)

n Timers
& General PWM Timer 32-bit (GPT32) with High Resolution = 4
= 156 ps resolution in 200 MHz
» General PWM Timer 32-bit (GPT32) = &
* Low Power Asynchronous General Purpose Timer (AGT) = 2

» Security and Encryption
® Secure Cryptographic Engine (SCES)
= Symmetric algorithms: AES
= Hash-value generation: GHASH
~ 128-bit unigue 1D
o Arm* TrustZone®

® Key Interrupt Function (KINT)

a Data Processing Accelerator

» Trigonometric Function Unit {TFU}
= [IR Filter Accelerator ([IRFA)

m Multiple Clock Sources
» Main clock oscillator (MOSC) (8 to 24 MHz)
» High-speed on-chip oscillator (HOCO) (16/1820 MHz)
» Middie-speed on-chip oscillator (MOCO) (8 MHz)
® Low-speed on-chip oscillator (LOCO) (32.768 kHz)
® IWDT-dedicated on-chip oscillator (15 kHz)
® Clock trim function for HOCO/MOCO/LOCO
= PLL/PLL2
® Clock out suppont

s General-Purpose IO Ports
® 5-V tolerance, open drain, input pull-up, switchable driving ability

» Operating Voltage
o VOC: 2T w36 W

n Operating Temperature and Packages
w Ta=-40°C to +105°C
- lLIU—pin LOFP (14 mm = 14 mm, .5 mm p'm:h]
= 64-pin LOQFP (10 mm * 10 mm, (.5 mm pllc:h)
= 48-pin LQFP (7 mm = 7 mm, (.5 mm pitch)
= 64-pin QFN (¥ mm * & mm, (.4 mm pitch)
= 48-pin QFN (7 mm * 7 mm, (1.5 mm pitch)
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1. Overview

The MCU integrates multiple series of software-compatible Arm®-based 32-bit cores that share a common set of Renesas
peripherals to facilitate design scalability and efficient platform-based product development.

The MCU in this series incorporates a high-performance Arm Cortex®-M33 core running up to 240 MHz with the following
features:

o Upto 512 KB code flash memory

e (64 KB SRAM

® General PWM Timer (GPT) - Enhanced High Resolution
» Analog peripherals

® Sccunty and safety features

1.1 Function Outline

Table 1.1
Feature

Arm core

Functional description

Arm Cortex-M33 core e Maximum operating frequency: up to 240 MHz
=« A Cortex-M33 core:
~ Armv8-M architecture with security extension
= Revislon: iip4-00rel0
» Amm Memory Protection Unit (Arm MPU)
= Protected Memeory System Architecture (PMSAvE)
~ Secure MPU (MPU_S): 8 regions
= Non-secure MPU (MPU_NS): 8 regions
s SysTick timer
- Embeds two SysTick timers: Secure and Non-secure instance
— Driven by SysTick timer clock (SYSTICCLK) or system clock (ICLK)

e CoreSight™ ETM-M33

Table 1.2
Feature

Memory

Functional description
Maxirmum 512 KB of code flash memaory.

Code flash memory

Data flash memory 16 KB of data flash memory.

Option-setting memory The option-setting memory determines the state of the MCL after a reset.

SRAM On-chip high-speed SRAM with Error Correction Code (ECC).
Table 1.3 System (1 of 2)
Faature Functional description
Operating modes Two operating modes:
» Single-chip mode
+ SC| boot mode
Resets The MCU provides 14 resets.

Low Voltage Detection (L\VD)

The Low Veltage Detection (LWVD) module monitors the voltage level input 1o the VCC pin. The

detection level can be selected by register settings. The LVD module consists of three separate
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Table 1.3 System (2 of 2)
Feature Functional description

Clock Frequency Accuracy
Measurement Circuit (CAC)

The Clock Frequency Accuracy Measurement Circuit {CAC) counts pulses of the clock to

be measured {measurement target clock) within the time generated by the clock selectad

as the measurement reference (measurement reference clock), and determines the accuracy
depending on whether the number of pulses is within the allowable range. When measurement
s complete or the number of pulses within the time generated by the measurement reference
clock is not within the allowable range, an interrupt request is generated.

Interrupt Contraller Unit (ICU)

The Interrupt Controller Unit {ICU) controls which event signals are linked to the Nested Vector
Interrupt Controller (NVIC), the DA Conftroller (DMAC), and the Data Transfer Controller (DTC)
modules. The ICU also controls non-maskable interupts.

Key Interrupt Function (KINT)

The key interrupt function (KINT) generates the key interrupt by detecting nsing or falling edge
on the key interrupt input pins.

Low power modes

Powar consumption can be reduced in multiple ways, including setting clock dividers, stopping
modules, seleciing power control mode in normal operation. and transitioning to low power
modes.

Register write protection

The register write protection function protects important registers from being overwritten due to
software errors. The registers to be protected are set with the Protect Register (PRCR).

Memeory Protection Unit {MPU)

The MCU has one Memory Protection Unit (MPU).

Table 1.4 Event link

Feature

Functional description

Event Link Controller (ELC)

The Event Link Controlar (ELC) uses the event requests generated by various peripheral
modules as source signals to connect them to different medules, allowing direct link between
the modules without CPU intervention.

Table 1.5 Direct memory access

Feature

Functional description

Data Transfer Controller (DTC)

A Data Transfer Controller (DTC) module is provided for transferring data when activated by an
interrupt request.

DMA Confroller (DMAC)

The MCU includes an 8-channel direct memory access controller (DMAC) that can transfer
data without intervention from the CPU. When a DMA ransfer request is generated, the DMAC
ransfers data stored at the transfer source address to the transfer destination address.

Table 1.6 Timers (1 of 2)

Feature

Functional description

General PWM Timer (GPT)

The General PWM Timer (GPT) is a 32-bit timer with GPT32 = 10 channels. PWM waveforms
can be generated by controliing the up-counter, down-counter, or the up- and down-counter. In
addition, PWM waveforms can be generated for conftroliing brushless DC motors. The GPT can
also be used as a general-purpose timer.

PWM Deelay Generation Circuit (PDG)

The PWM Delay Generation crcuit (PDG) has 4 channals delay circuits that can connect to the
GPT. The PDG can control the rise and fall edge timing with which the PWM output for the
GPT320 through the GPT323.

Part Output Enable for GPT (POEG)

The POEG issues requests to stop output from output pins of the general PWM timer (GPT).
Select the method of detection for stopping the cutput from the list below.

Low power Asynchronous General

The low power Asynchronous General Purpose Timer (AGT) is a 32-bit imer that can be used
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Table 1.6 Timers (2 of 2)

Feature

Functional description

Independent Watchdog Timer (IWDT)

The Independent Waichdog Timer (IWDT) consists of a 14-bit down counter that must be
sarviced periodically to prevent counter underflow. The IWDT provides functionality o reset

the MCU or to generate a non-maskable interrupt or an underflow interrupt. Because the timer
operates with an independent, dedicated clock source, it is particularly useful in returning the
MCU to a known state as a fall-safe mechanism when the system runs out of control. The IWDT
can be triggered automatically by a reset, underflow, refresh error, or a refresh of the count value
in the registers.

Table 1.7 Communication interfaces

Feature

Funetional description

Serial Communications Interface (SCI)

The Serial Communications Interface (SCI) » 6 channels have asynchronous and synchronous
serial interfaces:

» Asynchronous interfaces (UART and Asynchronous Communications Interface Adapter

ACLA

- tB—Init c}g)dc synchronous interface

»  Simple IIC (master-only)

s Simple SPI

s  Simple LIN

= Smar card interface

= Manchester interface
The smart card interface complies with the ISQ/IEC T816-3 standard for electronic signals and
ransmission protocol. SCin {n = 0 to 4, 8) has FIFO buffers to enable continuous and full-duplex
communication, and the data transfer speed can be configured independently using an on-chip
baud rate generator.

I2C bus interface (IIC)

The I2C bus interface (IIC) has 2 channels. The IIC module conform with and provide a subset of
the NXP I2C (Inter-Integrated Circuit) bus interface functions.

Serial Peripheral Interface (SPI)

The Serial Peripheral Interface (SP1) has 2 channels. The SPI provides high-speed full-duplex
synchrenous serial communications with multiple processors and peripheral devices.

CAN with Flexible Data-rate (CANFD)

The CAN with Flexible Data-rate (CANFD) module can handle classical CAN frames and CAN-
FD frames complied with 150 11898-1 standard.
The module supports 4 transmit buffers and 32 receive buffer.

Table 1.8 Analog

Feature

Functional description

A/D Converter (ADC)

The A/D Conwverter (ADC) has two units of notse-shaping SAR-type AD converter.
= Hybrid architecture that combines the features of the successive approximation register-
typie and the delta-sigma modulation-type.
Up to 16-bit resolution
Up to 6.25 Msps
Up to 29 analog input channels
Support single-ended input or differential inputs
Buiit-in channel-dedicated samplie-and-hold circuit (SH)
Built-in Programmable Gain Amplifier (PGA)
Temperature sensor sutput and internal reference voltage, and DiA converters output are
selectable for conversion.

12-bit DfA Converter (DAC12)

A 12-bit DVA comverter (DAC12) is provided.

High-Speed Analog Comparator
(ACMPHS)

The High-Speed Analog Comparator (ACMPHS) compares a test voltage with a reference
voltage and provides a digital output based on the conversion result. Both the test and reference
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Table 1.9  Data processing

Feature

Functional description

Cyelic Redundancy Check (CRC)

The Cyclic Redundancy Check (CRC) generates CRC codes to detect emors in the data. The
bit order of CRC cakculation results can be switched for LSB-first or M3B-first communication.
Additionally, various CRC-generation polynomials are available. The snoop function allows to
monitor the access to specific addresses. This function is useful in applications that require CRC
code to be generated automatically in certain events, such as monitoring writes to the serial
fransmit buffer and reads from the serial receive buffer.

Data Operation Circult (DOC)

The data operation cireuit (DOC) is used to compare, add. and subtract 16 or 32-bit data_ An
interrupt can be generated when the following conditions apply.

» When the 168 or 32-bit compared values maich the detection condition

= When the result of 16 or 32-bit data addition overflows

= When the result of 16 or 32-bit data subtraction underflows

Table 1.10 Data processing accelerator

Feature

Functional description

Trigonometric function unit (TFU)

Calculation of sine, cosine, arctangent, and hypot_k ( a,'.tz + I].-'Efj( )
e Asine and cosine can be simultaneously calculated.
* An arctangent and hypot_k can be simultanesusly calculated.

lIR Filter Accelerator (IIRFA)

» 16 channels of biquad IIR filter
s Cascaded biguad filter (max 32 stages)
» Operations using single-precision flioating-paint numbers
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1.2 Block Diagram
Figure 1.1 shows a block diagram of the MCU superset. Some individual devices within the group have a subset of the
features.
Memory Bus Arm Corex-M33 System
[512I<.Bt>odaﬂash| | MPU | | DsP || FPU | l POR/LVD | Clocks
MOSC
= || =]
{HML) OCO
| |
MPU
KB Standby l Mode control | | PLLIPLLZ |
SRAM | |
NVIC
[ Power controd | | CAC |
DMA
Systemt |
I e cu Registar wite
=
l Test and DBG interfaca |
Timers Communication interfaces Data processing accelerator
l SCI = 6 ” e = 2 |ICANFD::1 I | TFU ][ IIRFA
GPT = 10
| SPi=2 |
PDG = 4 Ewvent link Data processing Analog
ELE CRC ADC % 2 TSN
AGT=2 with PGA
Security poc ]
| DACIZ = 4 ] | ACMPHS ]
Note: Mot available on all parts.
Figure 1.1 Block diagram
1.3 Part Numbering

Figure 1.2 shows the product part number information, including memory capacity and package type. Table 1.11 shows a

list of products.
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R7FA6T2

FP#AA 0

] " Praduction identification code
Terminal material (Pb-free)

A: Sn (Tin) only

Packing
A Tray
B: Tray (Full carton)

Package type

FP: LQFP 100 pins
FM: LOFP B4 pins
FL: LOFP 48 pins
NB: QFN 64 pins
NE: QFM 48 pins

Quality Grade

Operating temperature
3:40C 1o 105°C

Code flash memory size
D: 512 KB
B: 256 KB

Feature sat

A: Supporting only Classical CAN
(Not supporting Flexible Data rate)
B: Supporting Classical CAN with Flaxible Data rate

Group namea

Series name

RA, family

Flash memary

Renesas microcontroller

Note: Check the order screen for each product on the Renesas website for valid symbols after the #.

Figure 1.2 Part numbering scheme
Table 1.11 Product list (1 of 2)
Data Operating
Product part number Package code Code flash | flash SRAM CAN-FD temperature
R7FABT2AD3CFP PLOPO100KE-B 512 KB 16KE | B4 KB Mot support -40 to +105°C
RTFABT2ZADICFM PLOPOOBAKE-C
RTFAGT2AD3CFL PLOPOO4EKE-B
EER S N N P . S TR
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Table 1.11 Product list (2 of 2)
Data Operating
Product part number Package code Code flash | flash SRAM CAN-FD temperature
RTFAGTZBD3CFP PLQPO100KB-B 512 KB 16KE | B4KB Support 4010 +105°C
RTFABTZBD3CFM PLOPO0B4KB-C
R7TFAGT2BD3ICFL PLOPO048KE-B
RTFAET2BDACNB PWQNOOG4LB-A
RTFAST2BDACNE PWONO0O48KC-A
RTFAGT2BB3CFP PLOPO100KB-B 256 KB
RTFASTZBBICFM PLOPODG4KB-C
RTFABT2BB3CFL PLOPO04BKE-B
RTFAGTZBB3CNB PWONOOG4LB-A
RTFAST2EBICNE PWONOO48KC-A
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14 Function Comparison

Table 1.12 Function Comparison
Parts number RTFABTZXXICFP | RTFAGTZXX3CFM | RTFAGTZXX3ICFL | RTFABTZXX3CNB | RTFAGTZXXICNE
Pin count 100 B4 48 64 48
Package LOFP QFN
Code flash memory 512 KB, 256KB
Data flash memory 16 KB
SRAM ECC 64 KB
Standby SRAM Parity 1KB
DA DTC Yes
DMAC B8
System CPU clock 240 MHz (max.)
CPU clock MOSC, HOCO, MOCO, LOCO, PLL
SOUFCES
CAC Yes
WODTAWDT Yes
KINT Yes
Communication SCI &
nc e
SPI 2
CANFD 1
Timers GPT! 10
AGT 2
Analog ADC Unit 0: 12 + 973, Unmit 02 10, Unit 0 &, Unit 0: 10, Unit 0: 6.
Unit1: 8 +973 Unit 1: 8 Unit 1: 4 Unit 1: & Unit 1: 4
DAC12 4 2 4 2
ACMPHS 4 3 4 3
PGA 4 3 4 3
TSN Yes
Data processing CRC Yes
Doc Yes
Event control ELC Yes
Accelerator TFU Yes
IIRFA Yes
Sacurity SCES, TrustZone and Lifecycle management

d. See section 1.3. Part Numbering.

Mote:  The

size and whether CAN-FD is sul
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1.5 Pin Functions

Table 1.13 Pin functions (1 of 3)

Function Signal vo Description

Power supply WiCC Input Power supply pin. Connect it to the system power supply. Connect
this pin to V'SS by a 0.1-puF capacitor. The capacitor should be
placed close to the pin.

VL o Connect this pin to the WSS pin by the smoothing capacitor used to
stabilize the internal power supply. Place the capacitor close to the
pin.

VWSS Inpaut Ground pin. Connect it to the system power supply (0 V).

Clock EXTAL Input Pins for a crystal resonator. An external clock signal can be input

AL Output through the EXTAL pin.

CLKOUT Output Clock cutput pin

Operating mode control MD Input Pin for setting the operating mode. The signal level on this pin must
not be changed during operation mode transition on release from
the reset state.

Systemn control RES Input Reset signal input pin. The MCU enters the reset state when this
signal goes low.

CAC CACREF Input Measurement reference clock input pin

On-chip emulator TMS Input On-chip emulator or boundary scan pins

TDI Input

TCK Input

TDO Output

TCLK Qutput Qutput clock for synchronization with the trace data

TDATAD to TDATAS Output Trace data output

SWO Output Serial wire trace output pin

SWDIO o Serial wire debug data inputfoutput pin

SWCLK Input Serial wire clock pin

Imterrupt NI Input MNon-maskable interrupt request pin

IRGn Input IMaskable interrupt request pins

IRQN-DS Inpt Maskable interrupt request pins that can also be used in Deep
Software Standby mode

KINT KROO ta KROT Input Key interrupt imput pins
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Table 1.13 Pin functions (2 of 3)
Function Signal o Description
GPT GTETRGA, GTETRGRE, Input External trigger input pins
GTETRGC, GTETRGD
GTIOCnA, GTIOCNE [} Input capture, output compare, or PWM output pins
GTADSMO, GTADSM1 Output AJD conversion star request monitoring output pins
GTCPPOO to GTCPPO4, | Output Toggle output synchronized with PWM period
GTCPPOT
GTIU Input Hall sensor input pin U
GTIV Input Hall sensor input pin VW
GTIW Input Hall sensor input pin W
GTOUUP Output 3-phase PWM output for BLDC motor control (positive U phase)
GTOULO Qutput 3-phase PWM output for BLDC motor control (negative U phase)
GTOVUP Output 3-phase PWM output for BLDC motor control (positive V phase)
GTOVLO Output 3-phase PWM output for BLDC motor control (negative \ phase)
GTOWUP Output 3-phase PWM output for BLDC motor control (positive W phase)
GTOWLO Output 3-phase PWM output for BLDC motor control (negative W phase)
AGT AGTEEn Input Extarnal event input enable signals
AGTIOn [} External event input and pulse output pins
AGTOn Output Pulse output pins
AGTOAN Qutput Qutput compare match A output pins
AGTOBn Qutput Quiput compare maich B output pins
SCI SCKn I} Inputioutput pins for the clock (clock synchronous mode)
R¥Dn Input Input pins for received data (asynchronous modef/clock synchronous
mode)
TXDn Output Output pins for transmitted data {asynchronous modelclock
synchronous mode)
CTSn_RTSn o Inputioutput pins for controlling the start of transmission and
:'::eptinn {asynchronous modelclock synchronous mode), active-
CTSn Input Input for the start of transmission.
DEn Output Qutput pins for Driver Enable signal
SCLn e} Inputicutput pins for the IIC clock (simple IC mode)
SDn [{s] Inputieutput pins for the IIC data (simple |IC mode)
SCKn o Inputicutput pins for the clock (simple SPI mode)
MISOn o Inputioutput pins for slave transmission of data (simple SPI mode)
MOSIn [{e] Inputioutput pins for master transmission of data (simple SP| mode)
58n Input Chip-select input pins (simple SPl mode), active-low
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Table 1.13 Pin functions (3 of 3)
Function Signal o Description
CANFD CRX0 Input Recelve data
CTX0 Output Transmit data
Analog power supply AVCCO Input Analog voltage supply pin. This is used as the analog power supply
for the respective modubes. Supply this pin with the same voltage as
the WVCC pin.
AWSS0 Input Analog ground pin. This is used as the analog ground for the
respective modules. Supply this pin with the same voltage as the
VS5 pin.
WREFHO Input Analog reference voltage supply pin for the ADC. Connect this pin to
AVCCO when not using the ADC.
WVREFLO Input Analeg reference ground pin for the ADC. Connect this pin to
AV3S0 when not using the ADC.
ADC AMNGO0 to ANOZB Input Input pins for the analog signals to be processed by the AD
converter.
PGAIND to PGAIN3 Input Pseudo-differential input pins of programmable gain amplifier (Signal
source side)
PGAVSS0 to PGAVSS3 Input Pseudo-differential input pins of programmable gain amplifier
(reference ground side)
PGACUTO to PGAOUT3 | Output Monitor cutput pins of programmable gain amplifier
ADTRGm Input Input pins for the external rigger signals that start the AID
conversion, active-low.
DAC12 DAn Output Output pins for the analog signals processed by the DVA converter.
ACMPHS VCouT Output Comparator oulput pin (OR sutput of all units)
CMPOUTm Output Comparator output pin (m:unit number)
CMPOUTO12 Output Comparator output pin (OR oufput of units 0, 1 and 2)
IVREFD, IWREF1 Input Reference voltage input pins for comparator
IVCMPmO, IVCMPm2, Input Analog voltage input pins for comparator (m:unit number)
IVCMPmM3
WO ports P201, P212, P213, PADS | 11O General-purpose inputioutput pins
to PA15, PBO3 to PB10,
PBE12 to PB15, PCOE to
PC12, PC14. PC15, PDOO
to PD15, PEQO to PEOG,
PEOB to PE15
POOO, POO1, POD2, PAOD | Input General-purpose input pins

to PADT, PEOO to PBOZ,
PC0O0 to PCO5. PC13
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Pin Assignments

1.6
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1.7 Pin Lists
Table 1.14  Pin list (1 of 3)

=2 =
2 |2 !t Power, System,
i il -
&= o CAC ports | Ex. nferrupt@INT | SCHICIEPICANFD GPTIAGT ADC/DACIZACMPHE
1 - - | CLEOUT/TCIK PE@R |- SCKD BDENSCHI ADEVRSPCKE C GTOVLONG TIICTRGTIONEA CAMPaUTD
2 - = | TDATAD PEQY | = FAD0_BMISO0 BMSCLOCTSS AEELBD © BTOWLONG TIOCAAGTIONIA CMPOUTY
- — = | TOATAY PEQ4 | = TXDO_BMOES0 BYEDANCTES RTSSSE3_ADEY GTOULRGTIOCRR/GTIONTE CAPOUT2
S5LE1 G
4 = |= | TDaATAZ PEDS | — CT50_ATSNESED BDE0RKDE AMIS0L_NSCLY | GTOVUPGETIDCIAGTIOCEE! CAMPOUT
MIZ08 C GICPPOZ
5 - | = | DATAZ PEDS | — CT50_BTHDA_AMOSIE_ASDAMMOSIE GTOWURGTIDCSRGTCRPO -
& 1 1 |vee - = - - =
T H 2 | = PC13 | NM - GTETRED -
a a 3 - PC1s | IRO14 - GTETRGAGTIOCAANETCPPONY ADTRGICMPOUTOZ
GTADEMIGTCPPOAMGETION
] 4 Ll = PCI5 | IROIE — GTETREGAGTIOCIBETCPPDY ADTRGUCMPOUTI
GTADEMGTCPPOTIMGTION
1 |= |= |vss - - - - -
n = |= |wee - = = - e
12 |8 5 | ExTAL P22 | = - - =
13 |6 6 | xTaL P13 | 1RG0 - - L

14 b T RES - — — - =

15 B = | = PCOO | IRO1-DS = — AR 2FEADUTAUTCMPOD
16 9 - - PCOY ROt 205 - - ANDTAPGAOUTLIVCMPI0
17 10 - - PCO2 | IRG1205 - —_ AND14PEADUTZIVEMP20
e n = PCO3 | IRQ14-DE - — ARDISPEAOUTATCMPAD
19 - -_ - POO0 1RO - - ANOIGIVREFD

20 12 8 VREFLO - - - - -

2 12 9 VREFHD — — — — —

2z - e P01 IRz — — ANDTTAVREF1

23 4 10 | = PADD IRO0-05 -_ - ANOOOPGAROTVC PO
VORI

24 ] n = Pt IRQ1 — — ANDD PEAVESD

a5 16 12 | = Padr2 IRO2 - -_ ANOERPGANTTVCMP L2/
(=" k]

28 17 13 = Pr03 IRO3 - - ANDTAFEASES]

28 19 15 | AVCOa

a8 ) 16 (= P IR0 = = ARDOPEAINZIVOMP 2
(=" o]

an n 7 | = Pr5 IROS — — ANDOSPENEST

M |= |18]= PadE | IROS - - APOORTIAD

iz 3 19 | = Pl IROT - - ANOOTOM

a3 24 e B PCOS | IROID - - ANOI0DAZ

34 n = |= PCOs | IRGT — — ARDIDI
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Table 1.14 Pin list (2 of 3)
g |v
; Pawer, Systom,
Clock, Debug, | 10O
5| cac Ex. NFD GPTIAGT ADC/DAC 1 2ACMPHS
42 |= |=|= PE1l | KRi@ S5LaD C GTOUUPGTIOCIBGTIOCSA ANDES
BTIOGEA
43 = = |- PE1Z | KRD4 REPCKA_C GTOVLOGTIOC 1 AGTIOSEN AR
GTIOCes
“" |- |= |- PEf2 | KRoS MISOA_C CTOVURG TIOC1BAGETIOCAB/ ANTZE
BTIOGTE
4B = |=|= PE14 | KRDG MOSIA_C GTOWLONG TIOCORGTIOCER! AND2S
GTioces
48 - — - PEIS KRDT R}(D‘_Alllﬂ_.ﬂ.‘sm GTOWURIGTIOCORGTIOCER! AROET
GTIOCsE
47 - - CACREFVCOUT | P10 | IROYDOS TXDE_AMOER WEDSICTES 8 GTIWGTETREAGTETRGRY ANDZE
GTCPPOLGTERPOT
a8 a0 22 |wGL —_ — —_ -— —
a5 3| 23 |v5s -_ — - - -
50 n 24 |wocc - — - - —
81 |aa |8 | = PRIz | iRG2 SCK4_ADESRXDI_BMISOI BASCLASS B A GTETRGAMGTIOCAAGTIONAA ADTRGO
CRNO
52 las | | = PR3 | IRO3 CT54_ATRDI BAMOSE BEDAARSPCKE ACTAD | GTOULOWGTIOCOBIGTIOCTA! -
BTIOGSA
53 jas |27 | = PE14 | IROS CT54_ATSASSS MDELSCKI BOENSOAD Y GTOVLOGTIOC | AGTIOSEN —
MISOB_A GTIOCEA
54 a6 28 |- P15 IROS F!RD‘_.!.MIRH_A.GL‘IA'ETS]_RI’E&EE]_EM’ GTOWLGGTIOC1BAGTIOSIA -
SCLO_CMOSE_A GTIOCAE
88 |= |=|= PDOE | KROO CTE2 ATHDT_AMMOSH_ASDA1ESLET A GTIOCZA =
8 |= |=|= POUS | KR CT52 ATSASER BOEIRK_AMSO_ASCLY GTIOCE =
S5LBZ_A
5 |= |= |= PO | KROZ SCKZ_GDELSCKI_ADEVEELED A GTETRGGGETIONIA -
i |= |=|= PO | KRo3 FxDE_CIMIS02_CECLGTST_A GTIOCE -
8 |- |- |- PD12 | IRO1ZMRD4 THD2_CMOSI2_CHEDAICTSI_RTSUSST_ADEY GTIOC4A —
SCL1 D
& |= |=|= PO13 | IRQ1AKRDS S5CK4_COEASCKS COESDAT_D GTIOC4a -
B = | = |= PO1S | IRO1AKRDS FXD4_CMISOS CACLARNDS Casos C5CLal | GTIOCEA -
SCLOF
62 |= |=|= POIS | IRCHSKADT THDA CAOSI_CSDALTEDS CMOSE G ETIOCsa —
DEXVEOAD F
6 far [~ [~ PCOG | IROS TXD2 BMOSEZ B/SOAZICTSS RTSHSSY CIOES | GTETRGOVGTIOCENGTIOCSA! =
scLIE AGTEO
64 fas [— [= Peor | IRQT RXDZ_BMISOZ_B/SCLZICTSS CIS0A1_E GTETRGAGTIOCENGTEED -
66 - - CACREF PCo8 | IRCH SCKZ BIDEZCTSY ATSASS53 CDEVSO0 B GTIVETIOCTARGTOAD —
S5LAL B
(] 40 — CLKOUT PCO8 | IR CTE2 RATER'SE2 ADEXNCTEY_Crshad OFSDA0 B! | GTIWGETIOCTBGTIOCaMAGTORI -
S5LAZ 8
&7 |41 |28 | CLKOUT PaDE | IRCBKROO SCKD_ADENSCHT_CDEWSCLO NSSLAY B GTOUUPGTIOCRAGTIOCTRY CAMPOUT2
BTIOCZAGTIOCHAAGTION
68 |4z |30 | = PADS | IRCSMARD TD0_AMOSI0 eS0MRSCLY_CASSLAD B GTOVURG TIOCBRGTIOCRE! CAPOUT
ETIOC2AGTIOCTE
6o faa |31 = PAD | IROHGKADZ RXDO_ARMISO0_ASELOMSDAT_CREPORA_B GTOWURGTIOCIAGTIOCSE! CAPOUTa

GTIOCANGTIOCES
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Table 1.14 Pin list (3 of 3)
B |4
3 Pawer, System,
Clock, Debug, | 1D
5| cac ports | Ex. interrupt/KINT | SCHIC/SPUCANFD GPTIAGT ADC/DAC12/ACMPHS
1 |2 (= [= PEN | IROTOEMROG RO_BMISON_B/SCL1SOAN BMISOE B AGTOA CMBAUT
ap |83 (= | = PC12 | IROA-DSMROT THDS BMOSH BrSDALECKT_BIDETMOSIE B AGTOBY CMPOUT2
M= (= |= FDO0 | KROG CTEE_ARNDI_CMISOS CECLYSSLED BCRND | GTADSMUGTCRROS -
g2 |= (= |= FOUT | KRG CT52 RATS2IES_ ADEATXDI_CMOSE CSDAY | GTADSMIGTCRROT -
S5LE1_BCTHO
B3 B4 -_ CLEOUT PDO2 IRCA-O5%R02 Rm‘_EIMIm-I_B.‘Sm‘EEK]_EM] GICPPONGTCPPOMAGTEEY CAPOUT3
84 |= [= |= PDO3 | KRO3 SCHa_BDESCTSS ASSLAE2 A GTEPPOD CAPaUTD
B |= (= [= PO0S | KR4 CT54_RTSASS4_ BDE4CTSS ATSISSI_ADES | GTCPPOY CMPOUT!
55LB3 8
i = (= |= POOS | KADS THOO_AMOSE_ASOASISOAT_BISSLAS A ETADSMIGTERROD =
g = [=|= PDOG | KRDS RXDA_AMIS0S_ASCISISCLY_BSSLAZ A GTICPPOS -
g |— [—=|— PDO7 | KROT SCKE_ADEFESLAT_A GTADEM1GTCPPOT -
8s 58 38 | TDOVEWO PR3 | IRCHWKROG THOZ AMOSE2 AMSDAZTXDS BMIOSIS BrSDAS BTNOCANGTCRPOLGTCRPOL ADTRGLUCMFOUTS
RESPCRA_ATHRED AGTON
80 |86 |40 | CACREFACOUT | PB4 | IROTIKADY FXD2_AMIS02 aSCi2RXDa_DMIS0a_DiscLad ETIOC4AGTIOCEAGTIOCOA -
MISOA_ACTHD AGTOAD
@ |57 |41 [= PE0S | IRUIDSKA0S SCHZ_ADEZTHDI_DMOSE DISOATMOSIA A GTINGTIOCARGTIOCEAGTIONE | —
CRXD AGTORO
a2 |sa (a2 [= PEOS | IRO4DEMROG THDO_DMOSI0_IVEDADKETSD RTS1SS1 DDEY | BTIVETIOCBAGTIOCAETION A | —
SCLO_ACTHD AGTOA
23 58 43 | - Paor IRCIS-DS¥WRIT Rxnu_wusm_nﬁ.cx.ucrm_msusm_nﬁ it GTWGTIOCEAIGTETRGE! -
Shln_k GTIOCBAGTOR
94 EQ 44 | MD P201 - - —_ -
a6 Bl 48 | = PaOE | IRO1-DSWR00 FRXDMIS04 CISCLARMDT_DMISON_DvECLy GTOCEAGTIOCERNG TIOC2A -
SCL1_ACRXT AGTICO
a6 B2 48 | = PR | IRO2-DSWR01 THDAMOEN CISORATXNDT_DMOSH_DIEDal) GTOCERGTIOCIAMGTION —
SOA_ATCTAD
ar | = |= |cecrer PEOD | — TADO_EMOSD_ESDAQTXDE_DIMOSS_DEDAS | GTETRGAGTIOCHAGTADS M ADTRGH
S5LB3 € AGTEED
# |= (= |= PEOT | — RXDO_EMIS00_E/SCLORKDS DMISOR DISCLE | GTOULOAGTIOCTAGTIOCAE ADTRG1
55182 C GTADEMIAGTEE]
as B3 47 | VEE — - - —_ -
100 | B4 48 | vGc - - - _ -
Note:  Seweral pin names have the added suffixof _A, B, _C. _D, _E and _F. The suffix can be ignored when assigning functionality.
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2. Electrical Characteristics

Unless otherwise specified, minimum and maximum values are guaranteed by either design simulation, charactenization
results or test in production.

Supported peripheral functions and pins differ from one product name to another.
Unless otherwise specified, the electrical characteristics of the MCU are defined under the following conditions:
e VCC=AVCCO=2Tto3.6V
& 2.7V =VREFHO = AVCCO
& V55=AVSS0=VREFLO=0V
o T,=Ty

Figure 2.1 shows the iming conditions.

For example, PED1 #{)
Cc

Vou=VCC x 0.7, Vo = VCC = 0.3
Vin=WCC =07, Vy=VCC=03
Load capacitance C = 30 pF

Figure 2.1 Input or output timing measurement conditions

The recommended measurement conditions for the timing specification of each peripheral provided are for the best
peripheral operation. Make sure to adjust the driving abilities of each pin to meet your conditions.

21 Absolute Maximum Ratings

Table 2.1 Absolute maximum ratings (1 of 2)

Parameter Symbol Value Unit
Power supply voltage vCC 03to+40 v
Input valtage (except for 5 V-tolerant ports™) Vin -03tVCC +0.3 W
Input voltage (5 V-tolerant ports™) Vin -0.3to VCC + 4.0 (max. 5.8) v
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Table 2.1 Absolute maximum ratings (2 of 2)

Paramater Symbol Value Unit
Analog input voltage (PAD1, PAD3, PADS. POOZ) when PGA | Vay 0Bto AVCCO+0.3 v
differential input is enabled

Operating temperature™ ™ Top 40 to +105 "C
Storage temperature Tag 55 to +125 °C

Note 1. Ports PA12 to PA15, PBO3, PBOS to PBOS, PC10 to PC12, PC14, PC15, PDOO to PDOT, PEQQ, and PEQ1 are 5 V tolerant.
Note 2. Connect AVCCO to VCC.

Mote 3. See section 2.2 1. T)/Ta Definition_
Mote 4. Contact a Renesas Electronics sales office for information on derating operation when Ta = +85°C to +105°C. Derating is the

systematic reduction of load for improved reliability.
Caution: Permanent damage to the MCU might result if absolute maximum ratings are exceeded.

Table 2.2 Recommended operating conditions

Paramater Symbol Min Typ Max Unit

Power supply voltages viCC 27 — 36 i
VSSs —_ ] — v

Analog power supply voltages aveco't —_ VCC — v
AVESS0 — 0 — A

Note 1. Connect AVCCO to VCC. When the A/D converter and the D/A converter are not in use, do not leave the AVCCO, VREFHO, AVSS0,
and VREFLO pins open. Connect the AVCCO0 and YREFHO pins to WVCC, and the AVSS0 and VREFLO pins to VS5, respectively.

2.2 DC Characteristics

221 Tj/Ta Definition

Table 2.3 DC characteristics

Paramater Symbol Typ Max Unit Test conditions
Permissible junction temperature Ti — 125 °C High-speed mode
Low-speed mode

Note:  Make sure that T; = T, + Bja * total power consumption (W), where total power consumption = (VCC - Vo) * Zlon + VoL » Zlg +
leemax = VOG.
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222 O Vi, Vi

Table 2.4 O Viy, Vi

Sym
Parameter bal | Min Typ |Max Unit
Input voltage (except | Peripharal EXTAL {external clock input), SP| (except ViH VCC = 0.8 —_ — \
for Schmitt trigger function pin RSPCK)
Input pins) Vie |— — VCC x 0.2
IIC (SMBus)'* Vin |21 o =
Vi —_ —_ 08
1IC (SMBus)2 Vin |21 — VCC + 3.6
(max 5.8)
Vi — — LI, ]
Schmitt trigger input | Peripheral IIC (Except for SMBus)! Vig VCC = 0.7 —_ —_
voltage function pin ™ — =— PP
Ay [VCC =005 |— —
IIC (Except for SMBus)™2 ViH VCC = 0.7 —_ VCC+ 36
(max 5.8)
Vi |— — WCC = 0.3
AVr |VCC =005 |— —
5 V-tolerant ports™ °7 Vim |VCC =08 _ WCC+ 36
(max 5.8)
Vi |— - WCC = 0.2
AVy [VCC =005 |— —
Other input pins™ Vi |vccxo08 |— -
Vi |— — WCC x 0.2
Ay [VCC =005 |— —
Parts 5 \-tolerant ports™s *7 Vig |VCCx=08 —_ VCC + 36
(max 5.8)
Vi |— — WCC = 0.2
AVy |VCCx0.05 |— =
Other input pins™® Vi |VCC=08 —_ _
Vi |— — WCC = 0.2
Ay [VCC =005 |— =

Note 1. SCLO_C, SDA0_C, SCLO_D, SDAD_D, SCLO_E, SDAD_E, SCLO_F, SDAD_F, SCL1_C, SDA1_C, SCL1_D, SDA1_D, SCL1_E,
SDA1_E (total 14 pins). This is the value when IIC function is selected.

Note 2. SCLO_A, SDAD A, SCLO_B, SDAD_B, SCL1_A, SDA1_A, SCL1_B, SDA1_B (total B pins). This is the value when IIC function is
selected.

Note 3. RES and peripheral function pins associated with PA12 to PA15, PB03, PBOS to PB09, PC10 to PC12, PC14, PC15, PDOO to PDOT,
PEQQ. and PEO1 (total 26 pins)
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223 10 lon. lot

Table2.5 1O lgn, loL

Symb
Parameter ol Min Typ Max Unit
Permissible output current IIC pins Standard mode ! loL = = 3.0 mi
{average value per pin) S o = = o =
Fast mode plus'? low —_ -_ 20 ma,
High speed mode = law — - 3.0 mi
Other output pins™ Low drive™ lon  |— - 20 |ma
lo — — 20 ma
Middbe drive™ loH — — 4.0 ma
low — — 40 A
High drives lom - — 10 i
loe - — 10 A
High speed high drive™ | low —_ - -10 ma,
loL — — 10 A
High current drive® lam —_ — -10 ma
lar — — 20 mA,
Parmissible output current (max | IIC pins Standard mode’! loL — — 3.0 s
value per pin)
Fast mode’! lan — — 6.0 ma
Fast mode plus™ laL — — 20 ma,
High speed moda'2 loL - — 30 i
Other cutput pins™® Low drive"® lon — — 20 |[mA
lar — — 20 mA
Middle drive > ok — — 4.0 ma
low — — 40 ma
High drive™® Ik - - -16 ma
laL — — 16 A,
High speed high drive”™ | lon — — =16 ma,
low — - 16 mA
High current drive ™ lo — — =16 |[mA
laL — — 20 A
Permissible output current (max | Maximum of all cutput pins oy |— — =80 A,
value of total of all pins) (mnax)
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Mote 7. This is the value when high speed high driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The
selected driving ability is retained in Deep Software Standby mode.

Mote B This is the value when high current driving ability is selected in the Port Drive Capability bit in the PmnPFS registar. The selectad
driving ability is retained in Desp Software Standby mode.

Caution: To protect the reliability of the MCU, the output current values should not exceed the values in this table.
The average output current indicates the average value of current measured during 100 ps.

224 /0 Vgu, VoL, and Other Characteristics

Table 2.6 /O Vgu, VoL, and other characteristics

Parameter Symbol | Min Typ | Max | Unit | Test conditions
Output voltage et VL — — |04 |V g = 3.0 mA
Viar i — |06 oy = 6.0 mA
e Var — — |04 o = 15.0 ma
{BFCTL.FMPE = 1)
Viar — 04 |— oy = 2000 mA
(BFCTL.FMPE = 1)
VoL ot — |04 loL=3.0 mA
{BFCTL HSME = 1)
Parts PADB to PA11, PB12 to PB15, PCOE | Von VCC- |— |[— lon =~=1.0 mA
to PCOS, PDOB to PD15, PE10 to PE157 0.5
Viar — — |06 gy = 20 mA
Other output pins Vo VCC = —_ | = lop==1.0 mA
0.5
VoL p— — |05 lgL = 1.0 mA
Input leakage current | RES ial — — |50 [pA |Vip=0V
Vin=55V
Part PO00, POD1, PAOE, PAOT, PBOO, PBO1, — — [1.0 Vin=0V
PCO0 to PCOS, PC13 Vin = VCC
Paort PADD, PAOZ, PAD4, PBOZ (PGA input — — |10 V=0V
pins) Vin =VCC
Part PAO1, PAD3, PADS, POO2 (PGAVSS — — |10 Vin=0V
ping)™ Vin =VCC
Three-state leakage 5 V-tolerant ports sl — — |50 |[pA |Vp=0V
current {off state) Vin=55V
Other ports (except for input ports) — — |10 Vin=0V
Vin =VCC
Input pull-up MOS Parts PO, P2, PA to PE (except for ports Ip =300 — |10 [pA |VCC=2T7tb36YV
current P002, PADD to PADS, PBO2) Vin=0V
Pull-up eurent ne's Ies 3 — |12 |mA |VCC=30tb36YV
serving as the SCL Vir=03=VCCto 0.7 = VCC
current source
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225 Operating and Standby Current
Table 2.7 Operating and standby current

Paramater Symbol | Min | Typ | Max | Unit | Test conditions
Supply High-speed Maximumn 2 I — |— |150 |mA |ICLK =240 MHz
current’t mode - PCLKA = 120 MHz
CoreMark®5 "8 ] ool PCLKE = 80 MHz
Mormal mode | All peripheral clocks enabled, — |44 |— %ﬁg 2 ?gﬂmh:ﬁz
while (1) code executing from FCLK = 60 MHz
flash™
All peripheral clocks disabled, — |28 |—
while (1) code executing from
flagh™ &
Sleep mode 5 B — |13 |78
Increase Data flash P/E — |6 —_
during BGO
operation Code flash P/E — |8 -
Low-speed mode™s "10 — |5 — ICLK =1 MHz
Software Standby mode SNZCR.RXDREQEN =1 — |— |63 ICLK = 32.768 kHz
SNZCR.RXDREQEN =0 — |51 |— —_
Deep Power supplied to Standby SRAM — |2T7|60 |pA |—
Software "
Power not Power-on resat circuit low power — 113|330 —_
Standby mode : : i
supplied to function dizabled
SRAM
Power-on reset circuit low power — |44 |20 —
function enabled
Infush curant on retuming from desp Inrush current " lrusH — 160 |— |mA |—
software standby mode
Energy of inrush Egusy [— |10 |— |uC |—
current’’
Analog power | During A/D conversion (1unit) Without SH Alee — |49 |60 |mA |—
it
Riphy e With SH — |ea J115|ma |—
PGA {1channel) - |1 3 ma | —
ACMPHS (1unit) — |01 |02 |mA |—
Temperature sensor — |01 0.2 |mA |—
During DIA conversion (1channel)’8 Without AMP output — |02 |03 |mA |—
With AMP cutput — |08 |13 |mA |—
Waiting for A/D, DVA eonversion (all units) — |38 |45 |mA |—
ADC, DAC12 in standby modes (all units)™® — |07 |10 |pA |—
Reference During A/D conwersion (1unit) SAR mode Alggrra [— |21 |50 |pA |—
OWET SU|
PROSE SUPRY Oversampling mode — 100 [160 [wa [—
(VREFHD) and Hybrid mode
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Note 7. Reference value

Mote 8. The DAC12 includes the Referance cumment in the analog power supply current.

Note 8. When the MCU is in Software Standby mode or the MSTPCRD.MSTPD16 (A/D Converter Module Stop bit) is in the module-stop
state.

Note 10. FCLK, PCLKA, PCLKB, PCLKC, and PCLKD are set to divided by 64 (15.6 kHz).

Table 2.8 Coremark and normal mode current

Parameter Symbaol Typ Unit Test conditions
Supply Current’ ! | Coremark lec 138 pAMHzZ ICLK = 240 MHz
Normal mode All peripheral 139 :;g::zg L

clocks disabled, PCLKG =

cache on, POLKD =

while (1) code FCLK =

execiting from 3,75 MHz

flash™

All peripheral 115

clocks disabled,

cache off,

while (1) code

executing from

flash'®

Note 1. Supply current values are with all cutput pins unloaded and all input pull-up MOSs in the off state.
Note 2. Supply of the clock signal to peripherals is stopped in this state. This does not include the BGO operation.

2.26 VCC Rise and Fall Gradient and Ripple Frequency

Table 2.9 VCC rise and fall gradient characteristics

Parameter Symbol Min Typ |Max |Unit :::tﬂltlmn
VCC rising gradient | Violtage manitar 0 reset disabled at starup SA/CC 0.0084 | — 20 ma | —

Voltage monitor 0 reset enabled at startup 0.0084 | — — —

SCI boot mode™ 0.0084 | — |20 -
VCC falling gradient SWCC 00084 |— |— msh | —

Note 1. Al boot mode, the reset from voltage monitor 0 is disabled regardless of the value of the OF 51 LVDAS bit_

Table 2.10  VCC rising and falling gradient and ripple frequency characteristics

The ripple voltage must meet the allowable ripple frequency fnoe) within the range between the VCC upper limit (3.6 V) and lower limit (2.7
V). When the VCC change exceeds VCC £10%, the allowable voltage change rising and falling gradient di'dWVCC must be meL

Parameter Symbol Min Typ Max Unit Test conditions
Allowabie ripple fr pvegy — — 10 kHz Figure 2.2
frequency Vywooy SVCC =02
—_ — 1 MHz Figure 2 2
W weey S VCC = 0.08
— — 10 MHz Figure 2.2
Vy pvoc) S VEC x 0.06
Allowable voltage dtfdvCC 10 — —_ s\ When VCC change
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1/ fivcoy

Figure 2.2 Ripple waveform
227 Thermal Characteristics

Maximum value of junction temperature (Tj) must not exceed the value of section 2.2.1. Tj/Ta Definition.
Tj is calculated by either of the following equations.
o Tj=Ta+ tja * Total power consumption
& Tj=Tt+ ¥t = Total power consumption
— Tj : Junction Temperature (°C)
— Ta: Ambient Temperature (C)
— Tt : Top Center Case Temperature (°C)
— Bja : Thermal Resistance of “Junction”-to-“Ambient” (*C/W)
— 'Wjt : Thermal Resistance of *Junction”-to-*Top Center Case™ (°C/W)
& Total power consumption = Voltage * (Leakage current + Dynamic current)
® Leakage current of 10 = X (I * Vg ) /Voltage + E (|Igy| * [VCC - Vy|) /Voltage
& Dynamic current of 10 =X 10 (C;, + Cjoq4) * 10 switching frequency = Voltage
— Cj,: Input capacitance

— Cjgad: Output capacitance

Regarding Bja and *¥jt, see Table 2.11.
Table 2.11 Thermal Resistance

Parameter Package Symbol Value'* Unit Test conditions
Thermal Resistance | 100-pin LOFP (PLOPO100KE-B) Bja 36 “CAw JESD 51-2 and 517
64-pin LOFP (PLQPODG4KB-C) 39 canpllact
B4-pin QFN (PWQNOOBALE-A) 26
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2271

Calculation guide of ICCmax

Table 2.12 shows the power consumption of each unit.

Table 2.12 Power consumption of each unit
Dynamic
current/Leakage Current [us/
current MCU Domain Category Item Frequency [MHz] | MHz] Current”! [mA]
Leakage cument | Analog LDO and Leak™? |Ta=75°C™ —_ —_ 378
Ta=85"C"3 - — 46.4
Ta=85°C" - — 56.1
Ta=105°C3 = = 68.0
Dynamic current | CPU Operation with Coremark. 240 105.324 25.28
Flash and SRAM
Peripheral Unit Timer GPT32 (10ch)™® |120 29897 3.568
POEG 60 1.483 0.09
(4 Groups)™*
AGT (2ch) 60 308 018
woT 60 0.641 0.04
IWDT 60 0.225 0.01
Communication | 3CI (Bch)™ 120 27.683 3.32
interfaces
1IC {2ch)™ 120 5.304 0.64
CANFD 60 5.763 0.35
5Pl (2ch)? 120 5738 0.69
Data processing | TFU 240 1.188 0.03
i IIRFA 240 34.252 822
Data processing | DOC 120 0.221 0.03
CRC 120 0.508 0.06
Analog ADC (2 Units)"® | 60 172.958 10.38
DAC12 (4ch)™? 120 1.087 013
ACMPHS (4ch)* |60 0.641 0.04
TSN 60 0.111 0.01
Event link ELC 60 1.852 0.1
Security SCES 120 68.404 8.21
System CAC 60 0.63 0.04
KINT 60 0.072 0.004
DMA DMAC 240 5.073 1.22
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Table 2.13  OQutline of operation for each unit (2 of 2)

SPI master/slave mode is set to master moda.
SPI is transmitting 8-bit width data.

Peripheral Outline of operation
POEG Only clear module stop bit.
AGT AGT is operating with PCLKB.
wDT WDT is operating with PCLKB.
IWDT IWDT s operating with IWDTCLK.
SCI SCl is transmitting data in clock synchronous mode.
ic Communication format is set to [2C-bus format.
IIC Is transmitting data in master mode.
CANFD CANFD is transmitting and receiving data in self-test mode 1.
SR SPI mode is set to SPI operation (4-wire method).

ADC is operating with PCLKC.

TFU Performs sincos operations.

IIRFA Channel 0 performs 32 stages of channel processing.

DoC DOC is operating in data addition mode.

CRC CRC is generating CRC code using 32-bit CRC32-C polynomial.
ADC Resolution is set to 12-bit accuracy.

Conversion Data Operation Cenirol B Register is set to 16 times average mode.
ADC is converting the analog input in continuous scan mode.

Transfer mode is set to block transfer mode.
DMAC is transferring data from SRAMO to SRAMO.

DAC12 DAC12 is outpuiting the eonversion result while updating the value of data register.
ACMPHS Caompare between IVCMP2 and IVREFD and enable compare output.

TSN TSN is operating.

ELC Only clear module stop bit.

SCES SCES is executing built-in self test.

DMAC Bit length of transfer data is set to 32 bits.

DTC Bit length of transfer data is set to 32 bits.
Transfer mode is set to block transfer mode.
DTC is transferring data from SRAMO to SRAMO.

CAC Measurement target clocks is set to PCLKE.
Measurement reference clocks is set to PCLKB.
CAC is measuring the clock frequency accuracy.

KINT Only clear modulbe stop bit.

2272 Example of Tj calculation

Assumption:

- rven 4w e s e e e
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o Cy.q=30pF, 16 pins, Output frequency = 10 MHz

Leakage cumentof 0 =X (Vg * lo )/ Voltage + I {(VCC - Van) * law) / Valtage
=(20mAx 1V)xB/35V+ (1 mAx05V)x12/35V+((VCC - (VCC-0.5V)) x 1 mA)» 12 /35V
=457 mA+ 171 mA+ 1.71 mA
=49.1 mA

Dynamic current of 10 = E 10 (Cy + Ciaaa) ® 10 switching frequency * Voltage
= {(8 pF = 16) = 10 MHz + {30 pF = 18) = 10 MHz) = 3.5V
=213 mA

Total power consumption = Voltage = (Leakage cument + Dynamic curment)
= (BO mA = 3.5 V) + (49.1 mA + 21.3mA) =35V
= 526 m\W (0.526 W)

T| =Ta + Bja = Total power consumption
=100 °C + 36.0 "C/W = 0.526W
=1188°C

2.3 AC Characteristics

2.341 Frequency

Table 2.14  Operation frequency value in high-speed mode

Parameater Symbol |Min Typ Max Unit
Operation frequency System clock (ICLK) f —_— —_ 240 MHz
Peripheral module clock (PCLKA) — - 120
Peripheral module clock (PCLKB) — — 60
Peripheral module clock (PCLKC) —r —_ G0
Peripheral module clock (PCLKD) — - 120
Flash interface clock (FCLK) D | s &0

Mote 1. FCLK must run at a frequency of at least 4 MHz when programming or arasing the flash memory.
MNote 2. When the ADC is used, the PCLKC frequency must be at least 1 MHz.

Table 215  Operation frequency value in low-speed mode

Parameter Symbol |Min Typ Max Unit
Operation frequency System clock (ICLK) f — —_ 1 MHz
Peripheral medule cock (PCLKA) —_ — 1
Peripheral module cock (PCLKB) — — 1
Peripheral module dock (PCLKC) 2 -2 — 1
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232 Clock Timing
Table 216  Clock timing
Parameter Symbol Min Typ Max Unit | Test conditions
EXTAL external clock input cycle time Iexeye 4166 |— — ns | Figure 2.3
EXTAL external clock input high pulse width tewr 1583 |— — ns
EXTAL extemal clock input low pulse width ey 1583 |— — ns
EXTAL external clock rise time tewr —_ — 5.0 ns
EXTAL extemal clock fall time tewy — — 50 ns
Main clock oscillator frequency Thaain 8 — 24 MHz | —
Main clock oscillation stabilization wait time (crystal)'? | bwanoscwr | — - =" ms | Figure 2.4
LOCO clock osclllation frequency fLoco 204912 | 32768 | 36.0448 | kHz |—
LOCO elock oscillation stabilization wait time LocowT — —_ 60.4 ps Figure 2.5
ILOCO clock oscillation frequency fiLoco 135 15 16.5 kHz |—
MOCO clock oscillation frequency Fisoco 6.8 B 92 MHz | —
MOCO clock oscillation stabilization wait time tmocowT — — 15.0 ps  |—
HOCO clock oscillator oscillation frequency fhacos 1578 16 16.22 MHz | -20 = Ta s 105°C
fHocots 1775 |18 18.25
friocoan 1872 |20 2028
fHocots 1571 |16 16.29 —40sTas-20°C
fhocois 1768 |18 18.32
fHocozo 1964 |20 20.36
HOCO clock oscillation stabilization wait time"2 lhocowr  |— o= 64.7 ps  |—
HOCO period jitter —_ — +85 — s |—
PLL clock frequency fer 120 — 240 MHz | —
PLL2 clock frequency feuz 120 — 240 MHz | —
PLUPLL 2 clock oscillation stabilization wait time teL i wT — — 1749 ps Figure 2.6
PLL/PLL2 pericd jitter — — 100 |— ps |—
PLUPLLZ long term jitter _ — 300 | — ps | Term: 1ps, 10us

Mote 1. When setting up the main clock oscillator, ask the oscillator manufacturer for an oscillation evaluation, and use the results as the
recommendad oscillation stabilization time. Set the MOSCWTCR register to a value equal to or greater than the recommended

value.

After changing the setting in the MOSCCR MOSTP bit to stant main clock operation, read the OSCSF.MOSCSF flag to confirm that
itis 1, and then start using the main clock oscillator.

MNote 2.
operation.

This is the time from release from reset state until the HOCO osclllation frequency (fiaco) reaches the range for guaranteed
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nicyn

{EC] Lo

EXTAL external clock input VCC =05

Figure 2.3 EXTAL external clock input timing

MOSCCR.MOSTP !1[

I
w

Main clock oscillator output ﬂaﬂw Q gp ‘1 |i |I| p‘ ‘1 i'

baainoscwT

Main clock ]t_\_/_

Figure 2.4  Main clock oscillation start timing

LOCOCR.LCSTP 1{
L0co dock FLUE

Figure 2.5  LOCO clock oscillation start timing

PLLCRPLLSTP
PLL2CR PLLZSTP . .
PLL/PLL2 circult output g N 0\ M r
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233 Reset Timing
Table 217 Reset timing

Parameter Symbol | Min | Typ (Max [ Unit | Test conditions
RES pulse width Power-on tregwe (07 |— |— ms | Figure 2.7
Deep Software Standby mode lgegwn |06 |[— |— ms | Figure 2.8
Software Standby mode lesws |03 |— [— ms
All ather tgegw (200 [— |— us
Wait time after RES cancellation treswr |— |37.3(41.2 |ps |Figure 2.7
Wait time after intemnal reset canceflation tpegwe |— |[324 |387.7 |ps |—
{IWDT reset, WDT reset, software reset, SRAM parity eror reset, bus master MPU
error reset, TrustZone emror reset, Cache parity error reset)

L0 I
T L

VCC 1 VCCmin

l’—
RES 4
s
¢ IRESWF
Internal reset signal
{low is valid) m i
trEEwT

Figure 2.7 RES pin input timing under the condition that VCC exceeds Vpgg voltage threshold

reswo, tResws, IRESW

RES /

Internal reset signal
{low is valid) '\,

Figure 2.8 Reset input timing
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234 Wakeup Timing

Table 218  Timing of recovery from low power modes

Parameter Symbol |Min | Typ |Max |Unit | Test conditions
Recovery time from | Crystal resonator System clock source is | tegyye 1 |— (21 |24 |ms |Figure 2.9
Software Standby connected to main clock | main clock oscillator 2 The division ratio of all
mode"! oscillatar oscillators is 1.
System clock source is | tggype 11 |— |22 (26 |ms
PLL with main clack
oscillator™
External clock input to Systemn clock source is tegyex 11 |— |45 125 |ps
main clock oscillator main clock oscillator™
System clock source is tegypg | |— | 170 |255 (ps
PLL with main clock
oscillator™s
System clock source is LOCO™® tsgyio ' |— |07 (08 [ms
System clock source is HOCO clock oscillator’? tsgyno ' [— |55 | 130 |us
System clock source is PLL with HOCO'® tegypn | [— | 175 265 |ps
System clock source is MOCO clock oscillator ® tagymo 1 |— |35 |65 (ps
Recovery time from DPSBYCR.DEEPCUT[1] = 0 and tossy — |0.38 (054 |ms |Figure 2.10
Deep Software DPSWCR WTSTS[5:0] = Ox0DE
Standb d
i DPSBYCR DEEPCUT[] = 1 and tosay  |— 1055 |0.73 |ms
DPSWCR.WTSTS[5:0] = 0x19
Wait time after cancellation of Deep Software Standby mode tosgywt |56 [— 57 Leye
Recovery time from High-speed mode when system clock source is tapz — |35710|7p"10 | us | Figure 2.11
Software Standby HOCO (20 MHz)
$g:: o fn High-speed mode when system clock source is tspz — | 11"10 [ 14710 | ps
MOCO (8 MHz)

Note 1. The recovery time is determined by the system clock source. When multiple oscillators are active, the recovery time can be
determined with the following equation:
Total recovery time = recovery time for an osclllater as the system clock source + the longest tSBYOSCWT in the active oscillators -
ISBYOSCWT for the system clock + 2 LOCO cycles (when LOCO is operating)

Note 2. When the frequency of the crystal is 24 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x05) and the
greatest value of the internal clock division setting is 1.

Note 3. When the frequency of PLL is 240 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x05) and the greatest
value of the internal clock division setting is 4.

Note 4. When the frequency of the external ciock is 24 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) Is set to Ox00) and
the greatest value of the internal clock division setting is 1.

Note 5. When the frequency of PLL is 240 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x00) and the greatest
value of the internal clock division setting is 4.

Note 6. The LOCO freguency is 32.768 kHz and the greatest value of the internal clock division setting is 1.

Note 7. The HOCO frequency is 20 MHz and the greatest value of the intemal clock division setting is 1.

Note 8. The PLL frequency is 240 MHz and the greatest value of the intemnal clock division setting is 4.

Note & The MOCO frequency is 8 MHz and the greatest value of the internal clock division setting is 1.

Note 10. When the SNZCR.RXDREQEN bit is set to 0, the following time is added as the power supply recovery time: 16 ps (typical), 48 ps
(maximum}.
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Wakeup time | TYP MAX Unit
1SBYDOSCWT tSBYSEQ tSBYOSCWT tSBYSEQ
1SBYEX 10 35 + 18 / fICLK + 4n [ FEXMAIN | 62 62 + 18/ fICLK + 4n [ FEXMAIN | ps
ISBYPE 135 35+ 18/ fICLK + 4n [ fPLL 192 62 + 18/ fICLK + 4n ( fPLL us
ISBYLO (1] 35+ 18/ fICLK + 4n/fLOCO |0 62 + 18/ fICLK + 4n [fLOCO  |ps
ISBYHO 20 35+ 18/ fICLK + 4n/ fHOCO |67 62 + 18/ fICLK + 4n [ fHOCO [ps
ISBYPH 140 35+ 18/ fICLK + 4n( fPLL 202 62 + 18/ fICLK + 4n  fPLL ps
ISBYMO 1] 35 + 18/ fICLK + 4n/ fMOCO |0 62 + 18/ fICLK + 4n [ TMOCO  |ps
Osciltator J_U—l —U_
(system clock) o
ey g—
oo []]] ﬂﬂﬂﬂﬂﬂﬂﬂm
{mot the system clock) g
sl 1<)} ; il
IRQ v
Software Standby mode

When stabilization of the system clock oscillator is slower

Osciltator
(=ystem clock)

Oscillator
{not the system clock)

ICLK

IRQ

] ,

teavc, tsevex lsevrc tsavee
t=avrs tsevio, tsevio

tsevascwT l | tsevsEa

===

"

t=avoscwT

i

Software Standby mode

When stabilization of an oscillator other than the system clock is slower

tsevmc, tzavex, tsavec, tsaves,
tseveH, tsEveo, lsavio
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osetaer [ [] pigighj

IRQ

Deep Software Standby 0
reset
(low is valid)

o

Internal reset
(low is walid) =

Deep Software Standby mode

losex

tosavwr

Reset exception handling start

Figure 2.10 Deep Software Standby mode cancellation timing

Oscillator

ICLK {except DTC, SRAM)

=R=

" L
U

ICLK (to DTC, SRAM)' PCLK

e

IRQ b

o
o

Software Standby mode Snooze mode
tanz

Note 1. When SNZCR.SNZDTCEN bit is set to 1, ICLK is supplied to DTC and SRAM.

Figure 2.11 Recovery timing from Software Standby mode to Snooze mode

235 MNMI and IRQ Moise Filter

Table 2.19 NMI and IRQ noise filter
Parameter Symbeol Min Typ Max Unit Test conditions

B rades | S 0 — — e ML Aimital filtar L R [T I
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Note: 200 ns minimum in Software Standby mode.

Note:  If the clock source is switched, add 4 clock cycles of the switched source.
Note 1. lpyy indicates the PCLKB cycle.

Note 2. ywck indicates the cycle of the NMI digital filter sampling clock.

Note 3. Lrgey indicates the cycle of the IRQi digital filter sampling clock.

Trmaw

Figure 2.12 NMI interrupt input timing

trow

Figure 2.13 IRQ interrupt input timing

236 I/O Ports, POEG, GPT, AGT, KINT and ADC Trigger Timing

Table 2.20 IO ports, POEG, GPT, AGT, KINT and ADC trigger timing (1 of 4)
GPT Conditions:

High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

AGT Conditions:

Middle drive output is selectad in the Port Drive Capability bit in the PrinPFS register.

Parameter Symbol |Min |Typ Max Unit Tast conditions

1D ports Input data pulse width tprw 15 |— — ey Figure 2.14
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Table 2.20 IO ports, POEG, GPT, AGT, KINT and ADC trigger timing (2 of 4)

GPT Conditions:

High drive output is selected in the Port Drive Capability bit in the PmnPFS register.
AGT Conditions:

Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Paramater Symbol |Min | Typ Mant Unit Test conditions

POEG GTETRGn imput pulse width teoew 15 [— - teeye Figure 2.15

Cutput Input level detection of the teogcm | — — 3PCLKB |ps Figure 2.16
dizable time | GTETRGn pin (via flag) +0.34 When the digital
naoise filter is not
in use
{POEGGn NFE
N=0(n=Ato
Dy

Detection of the output stopping teogcoe | — —_ 05 s Figure 2.17
signal from GPT (deadtime error,
simultaneous high output, or
simultaneous low output)

Edge detection signal from a tpoecoc | — —_ 4 PCLKB |ps Figure 218
comparator +0.5 The time is that
when the noise
filter for
ACMPHS is not
in use
{CMPCTL.CDF
S[1:0] = 00) and
excludes the
time far
detection by
ACMPHS.

Register satting tpoecos | — —_ 1PCLKB |ps= Figure 2.19
+0.3 Time for access

to the register ks
not included.

Oscillation stop detection™ teogcpos |—  |s1 -- ps Figure 2.20

Input level detection of the teoecoo | — — 2 PCLKB |ps Figure 2.21
GTETRGH pin (direct path) +1
PCLKD +
0.34

Level detection signal from a tpoEcooc | — — 3 PCLKD |us Figure 2.22
comparator +03 The time is that
when the noise
filter for
ACMPHS is not
in use
{CMPCTL.CDF
S[1:0] = 00) and
excludes the
time: for
detection by
ACMPHS.
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Table 2.20 IO ports, POEG, GPT, AGT, KINT and ADC trigger timing (3 of 4)
GPT Conditions:
High drive output is selectad in the Port Drive Capability bit in the PmnPFS register.
AGT Conditions:
Middie drive output is selected in the Port Drive Capability bit in the PmnPFS register.
Parametar Symbol |Min |Typ Max Unit Test conditions
GPT Input capture pulse width | Single edge taTicw 15 |— — tpoeye | Figure 2.23
Dual edge 25 |— =
GTIOCxY output skew (x | Middle drive buffer tersx | | — — 4 ns Figure 2 24
=03, Y=AorB
o' High drive buffer = |= 4
High current output — —_ 4
buffer
GTIOCxY output skew (x| Middle drive buffer — —_ 4
=406, ¥Y=AorB
erB) High drive buffer — |= 4
High current output — — 4
buffer
GTIOCxY output skew (x | Middle drive buffer — — 4
=Tws, Y=AorB
or B) High drive buffer i = 4
High current output — — 4
buffer
GTIOCxY output skew (x | Middle drive buffer — — L]
=0to9 Y=AorB
et High drive buffer I 6
High current output — — L]
buffer
OPS output skew GTOUUP, GTOULO, teTosk — — 5 ns Figure 2 25
GTOVUP, GTOVLO, GTOWUP. GTOWLO
Extemal trigger input Synchr | Single-edge | terew 1.5 |— — tpeye Figure 2.26
pulse width onous | setting
clock
Both-edge 25 |— =
satting
Asynch | Single-aedge 25 |— —
ronous | setting
iz N rem—— 35 |— =
setting
Timer clock pulse width Synchr | Single-adge | tetexwn, | 1.5 | — — tpeye Figure 2 27
ohous | setting taToRwWL
oo I aih-adge 25 |— —
satting
Asynch | Single-edge 25 |— —
ronous | setting
clock
Both-edge 35 |— —
satting
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Table 2.20 IO ports, POEG, GPT, AGT, KINT and ADC trigger timing (4 of 4)

GPT Conditions:

High drive cutput is selected in the Port Drive Capability bit in the PmnPFS register.

AGT Conditions:

Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.
Paramater Symbol |Min |Typ Max Unit Test conditions
ADC ADC trigger input pulse width trRew 15 [— — tapeye | Figure 2.31

Note: Yy ICLK cycle, tppye: PCLKB cycle, tppeye: GTCLK cycle, Lapey:: ADCLK cycle.
Mote 1. This skew applies when the same driver V0 is used. If the /0 of the middle and high drivers is mixed, operation is not guaranteed.

Note 2. Consiraints on input cycle:
When not switching the source elock: tpeye * 2 < tagyg Should be satisfied.

When switching the source clock: tpeye ® 6 < tapyr: should be satisfied.
Note 3. Reference value.

- A !

Figure 2.14 /0 ports input timing

GTETRGR input
(n=~AtoD)

troew

Figure 2.15 POEG input trigger timing

GTETRGn input } K
{n=Ato D)

POEGGN PIDF flag ;
(n=~AtoD)

Outputs disabled

GPT output pins e
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Output stopping signal -
from GPT*! —?
GPT output pins EOUWUTS disabled

troscos

Note 1. GPT32n.GTST.DTEF (dead time error flag), GPT32n.GTST.OABLF (simultanecus low output flag), or
GPT32n GTST.OABHF (simultaneous high output flag)

Figure 2.17 Qutput Disable Time for POEG in Response to Detection of the Qutput Stopping Signal from
GPT

ACMPHSN edge detection

signal (n =0 to 3) .f

GPT output pins EOur;:-uls disabled

Figure 2.18 Output Disable Time for POEG in Response to Edge Detection Signal from ACMPHS

POEGGN.SSF bit 4
n=AwD)

4 Outputs disabled

GPT output pins

troEGDE

Figure 2.19 Output Disable Time for POEG in Response to the Register Setting

Main clock T[h

Oscillation stop detection
signal (Intemal signal)
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GTETRGn input
m=AtoD) ; (

GPT output pins :C‘Jur.puts disabled

i

troeGooi

Figure 2.21 Output Disable Time for POEG in Direct Response to the Input Level Detection of the
GTETRGR pin

ACMPHSR level detection x
signal (n =0 to 3)

A Cutputs disabled

GPT oulput pins

lPoEGDDC

Figure 2.22 Output Disable Time for POEG in Response to Level Detection Signal from ACMPHS

i
Input capture X
e ¥:

tancw

Figure 2.23 GPT input capture timing

w [\ LS

Qutput delay
—

GPT output
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Output delay
-

1
GPT output Y

tamoms:

Figure 225  GPT output delay skew for OPS

GTETRGn input i
(n=Ata D) —

taTEw

Figure 2.26 GPT External Trigger Input Timing

GTETRGH input -
{n=AtcD) . 3 jr

'y
3
x
b

Figure 227  GPT Clock Input Timing
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Cutput delay
—————
GPT output
{PWM delay
generation
clreuit)

25T
Figure 2.28 GPT (PDG) output delay skew
tacve
te—— Tacsnmn Tackas
AGTIO, AGTEE
(input) Y
.

tacycz
AGTIO, AGTO,
AGTOA, AGTOB
{output) q

Figure 2.29 AGT input/output timing

KROO to KROT 5#7
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ADTRGO,
ADTRG1 i o
l trrew
Figure 2.31 ADC trigger input timing
237 PDG Timing
Table 2.21 PDG timing
Parameter Min Typ Max Unit Test conditions
Operation frequency 80 - 200 MHz -
Resolution - 156 — ps GPTCLK = 200 MHz
DML - +20 — LSBE -
Note 1. This value normalizes the differences between lines in 1-LSB resolution.
238 CAC Timing
Table 2.22  CAC timing
Parameter Symbol | Min Typ Max Unit Test conditions
CAC CACREF input pulse tpEeye S e toacrer |45 % leae+ 3 % lpgeye | — —_ ns —
width
tP‘EIb_.'t:"'-can:.1 5= lege + 6.5 % tppeye | — _ ns

Note:  lpgeye: PCLKB cycle.
Mote 1. 1, CAC count clock source cycle.

239 SCI Timing

Table 2.23  SCl timing (Asynchronous mode)
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol Min Max Unit Note
Input clock cycle tseyve 4 — Heye

Input clock pulse width tsckw 04 06 tseye

Input clock rise time tsckr —_ 5 ns

Input clock fall time tseKr — 5 ns

Qutput clock cycle Iseye B — treye

Qutput clock pulse width tsokw 0.4 06 tseye

Output clock rize time tsckr — 5 ns

Output clock fall time Lsopy — 5 ns
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=t tscar t=car
— —
SCKn J t
5w

Mote: n=0w4,8

Figure 2.32 SCK clock inputioutput timing

Table 2.24  SCI timing (Simple SPI)
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter &:ﬂ?ﬂﬂ" Symbol Min Max Unit Note
SCK clock cycle output Master lapeye 2 65536 |troye
SCK clock cycle input Slave 2 —
SCK clock high pulse width Master b kg 0.4 0.6 tspeye
Slave
SCK clock low pulse width Master L osL 04 06 tapeye
Slave
SCK clock rise and fall time Qutput tspckrn tspoKr — 5 ns
Input — 1 us
Data input setup time Master High Speed’ tsy 17 — ns
Default™® 3 == ns
Slave 33 — ns
Data input hold time Master High Speed™ tH 12 — ns
Default™2 14 — ns
Slave 3 - i
Data output delay Master High Speed’! tho _ 5 ns
Default™? — 73 ns
Slave High Speed™ — 15 ng
Default™ — 21 ns
Data output hold time Master o 0 — ns
Slave 0 — ns
Data rise and fall time Output tor, tor — 5 ns
Input — 1 ns
Slave access time tsa —_ 5 reye
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Table 2.256  SCI timing (Simple SPI mode) (2 of 2)
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol Min Max Unit Note
S5 input hold time tLac 1 — tspeye
S5 input rise and fall time tesyr, tasit — 1 us
Table 2.26 SCI timing (Clock synchronous mode)
Conditions: High drive output is selected in the Pornt Drive Capability bit in the PmnPFS register.
High Speed/
Parameter Default Symbol Min Max Unit
SCK clock cycle output Master lsPeye 2 — Heye
SCK clock cyche input Slave 2 —
SCK clock high pulse width Master bsp e 04 06 tapeye
Slave
SCK clock low pulse width Master — 04 08 tspeye
Slave
SCK clock rise and fall time Qutput tspckr. tspckr — 5 ns
Input
Data input setup time Master High Speed™! Isu 26 —_ ns
Default™@ 28 - e
Slave 33 — ns
Data input hold time Master High Speed’! iy 12 - ns
Default™ 14 — ns
Slave 3 — ns
Data output delay Master High Speed’! lon — 5 ns
Default™® - 73 ns
Slave High Spead’! — 15 ns
Default™@ — 21 ns
Data output hold time Master tom — ns
Slave — ns
Data rise and fall time Output tor, tor —_ 5 ns
Input —_ 5 ns

Note:  lyy.: SCITCLK cycle.
Mote 1. Must use pins that have a letter appended to their name, for instance _A, B, _C, to indicate group membership. SCI0 is instance

_A, 8CI2 and SCI3 are instance B, SCH and SCI3 are instance _C, SCI4 is instance _C and RXD is only PD14.

Mote 2. Al pins of group membership can be used.
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Figure 2.33  SCI simple SPI mode clock timing
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Figure 2.34 SCl simple SPI mode timing for master when CKPH =1
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Figure 2.37 SCl simple SPI mode timing for slave when CKPH =0
Table 2.27 SCI timing (Simple IIC mode)
Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.
Paramatar Symbol Min Max Unit | Nota
Simple IIC SCL, SDA input rise time s — 1000 ns
{Standard mode)
SCL, SDA input fall time tsf —_ 300 ns
SCL, SDA input spike pulse removal  |tsp ] 4 % lygye ns
time
Data input setup time tspas 250 — ns
Data input hold time lspaH 0 — ns
SCL, SDA capacitive load ! — 400 pF
Simple IIC (Fast | SCL, SDA input rise time tsr — 300 ns
mode)
SCL, SDA input fall time tr — 300 ns
SCL, SDA input spike pulse removal  |tgp ] 4 % typye ns
time
Data input setup time tspas 100 — ns
Data input hold time tspaH ] — ns
SCL, SDA capacitive load Cy ! — 400 pF
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SDAn

SCLn

r
)
1

Test conditions:

Vin = Voo = 007, Viu = Wee = 0.3

Vo =0.6 V, o = 6§ mA (ICFER.FMPE = 0)
VoL =04 V, oy = 20 mA (ICFER.FMPE = 1)

MNote: n=0i4. 8

Mote 1. S, P. and Sr indicate the following conditions:
5: Start condition
P: Stop condition
Sr: Restart condition

Figure 2.38 SCl simple IIC mode timing

2.3.10 SPI Timing

Table 2.28 SPI timing (1 of 2)
Conditions: High drive output is selected in the Port Drive Capability bit In the PmnPFS register.

Parameter High Speed! | Symbol VCC=30t036V,C=15 (VCC=2Tto 3.6V, C=30 |Unit |Note
Default pF pF
Min Max Min Max
RSPCK clock cycle | Master b 2 4098 2 4096 ey
Slave 2 — 2 —
RSPCK clock high | Master tsrcione {tspeyc = — (tspoye = — ns
pils widhhy lapewr = lapore =
tsperlf2 - 3 tepowll2 - 3
Slave 04 0.6 0.4 06 lspey
c
RSPCK clock low | Master lapoxwL (tspeye = — (tspeye = == ns
pulse width tspokr — tepoxr —
lapeia¥2 =3 taprpV2 -3
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Table 2.28 SPI timing (2 of 2)
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter High Speed/ | Symbaol VCC=30t036V,C=15 |[VCC=2Tto3.6V,C =30 |Unit |Note
Default pF pF
Min Max Min Max
Data input hold time | Master High tH 6.2 —_ — — ns
Speed!
Default™2 — —_ ] — ns
Slave 25 — 2.5 — ns
S5L setup time Master t EaD 1 B 1 B lspey
c
Slave B — B — Yreye
S5L hold time Master L ac 1 8 1 8 lspey
c
Slave & — 6 — troye
TI 35P 35S input Slave triss 25 — 28 — ns
setup time
Tl SSP S8 input Slave trisH 25 —_ 2.5 — ns
hold time
Tl 58P next-access | Slave brinn 2% by + —_ 2 % b + — ns
time SLNDL = SLMOL =
Lreye Leye
T| SSP master 35 | Master trisson — B9 — B9 ns
output delay
Data output delay Master High tan — 46 —_ — ns
time Speed”!
Default™ == — = 7 ns
Slave High —_ 14 — — ns
Speed’!
Default™ — — — 2 s
Data output hald Master ton i] _ 0 — ns
i
o Slave 0 — 0 — ns
Successive Master tro lspeye + 2% |B*lgpeye+ |lopoye+t 2% (B Xlgpge+ | NS
transmission delay teye 2 * tpeye teye 2 * lpeye
time
Slave breye —_ Heye — ns
MOS] and MISO Output toe — 5 —_ 5 ns
rise and fall time
Input tor — 1 — 1 us
S5L rise and fall Output tzsyr — 5 —_ 5 ns
time
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Figure 2.39 SPI clock timing
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Figure 2.40 SPI timing for Motorola SPI master when CPHA =0
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SPI timing for Motorola SPI slave when CPHA =0
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2.3.1
Table 2.29

IIC Timing
IIC timing (1)-1

(1) Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: SDA0_B,

SCLO_B, SDA1_B, SCL1_B, SCLO_C, SDAO_C, SCL0O_D, SDA0_D, SCLO_E, SDAO_E, SCLO_F, SDAD_F, SCL1_C, SDA1_C, SCL1_D,
SDA1_D. SCL1_E, SDA1_E.
(2) The following pine do not require setting: SCLO_A, SDAO_A, SCL1_A, SDA1_A.
(3) Use pins that have a letter appended to their names, for instance _Aor_Bor _Cor _Dor _E or _F, to indicate group membership. For
the IIC interface, the AC portion of the electrical characteristics is measured for each group.

Parameter Symbeol Min Max Unit I:::dlﬂons
Inc SCL input cycle time teey 10 (18) * ficeye + 1300 —_ ns Figure 2.47
(Standard mode,
SMBus) SCL input high pulse width tscLH 5(9) * ticeye — ns
RECTL.FMEE =0 SCL input low pulse width tsoyy 5(9) % ticeye - ns

SCL, SDA rise time tee — 1000 ns

SCL, SDA fall time tsy — 300 ns

SCL, SDA input spike pulse tep 1] 1{4) % tygeye | NS

removal time

SDA input bus free time tauF 5(9) * tyceye + 300 - ns

START condition input hold time teTAH biceye + 300 —_ ns

Rapeatlscl START condition input | tg7as 1000 — ns

setup time

STOP condition Input setup time tsTos 1000 - ns

Data input setup time tspas biceye + 50 —_ ns

Data input hold time tspaH L] —_ ns

SCL, SDA capacitive load [+ — 400 pF

Note:
Note:

liceye: IC internal reference clock (IIC) cycle.
Values in parentheses apply when INCTL DNFS[3:0] is set to 0011b while the digital filter is enabled with INCTL DNFE sat to 1.

Note 1. Cy, indicates the total capacity of the bus line.




RAGT2 Datasheet 2. Electrical Characteristics

Table 2.30  IIC timing (1)-2

(1) Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: SDA0_B,
SCLO_BE, SDA1_B, SCL1_B, SCLO_C, SDAD_C, SCLD_D, SDA0_D, SCLO_E, SDAO_E, SCLO_F, SDAO_F, SCL1_C, SDA1_C, 8CL1_D.
SDA1_D, SCL1_E, SDA1_E.

(2) The following pins do not require setting: SCLO_A, SDAD_A, SCL1_A. SDA1_A.

(3) Use pins that have a letter appended to their names, for instance _Aor_Bor _Cor_Dor _E or _F, to indicate group membership. For
the IIC interface. the AC portion of the electrical characteristics is measured for each group.

Parameter Symbol | Min Max Unit | Test conditions
Inc SCL input cycle time tsoL 10 (18) % tyceye + —_ ns Figure 2.47
(Fast-mode) 600
SCL input high pulse width tsoLH 5(9) * iceye —_ ns
SCL input low pulse width tseLL 5(9) * ticgye — ns
SCL, SDA rise time s 20 = {external 300 ns
pullup voltage/
5.5V)1
SCL, SDA fall time ter 20 = (external 300 ns
pullup voltage/
55v)1
SCL, SDA input spike pulse tep L] 1(4)  ticeye ns
removal time
SDA Input bus free time tsUF 5(9) % tigeye + 300 | — ns
START condition input hold time | tgran biceye + 300 — ns
Repeated START condition input | tgras 300 — ns
sefup time
STOP condition input setup time | tstos 300 — ns
Data input setup time tspas Yiceye + 50 - ns
Data input hold time tspaH L] - ns
SCL, SDA capacitive load Cp2 — 400 pF

Note: ey [IC intemnal reference clock (IICe) cycle.

Note:  Values in parentheses apply when INCTL DNFS[3:0] is set to 0011b while the digital filter is enabled with INCTL DNFE set to 1.

MNote:  Must use pins that have a letter appended to their name, for instance _A_ _B. to indicate group membership. For the HIC interface,
the AC portion of the electrical characteristics is measured for each group.

Note 1. Only supported for SCLO_A, SDAO_A, SCL1_A, and SDA1_A. Other ports depend on DC characteristics.

Note 2. Cy, indicates the total capacity of the bus line.
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Table 2.31 IIC timing (1)-3
Setting of the SCLO_A. SDAD_A pins are not required with the Port Drive Capability bit in the PmnPF3 register.
Parameter Symbol | Min Max Unit | Test conditions
Hnc SCL input cyele time tscL 10 (18) * ooy + — ns Figure 2.47
(Fast-mode+) 240
BFCTL.FMPE = 1
SCL imput high pulse width tecLH 5(9) = biceye —_ ns
SCL imput low pulse width tscuL 5(9) % ticoye — ns
SCL, SDA rise time tsr —_ 120 ns
SCL, SDA fall time tsr —_ 120 ns
SCL, SDA input spike pulse tsp 0 1(4) = tpceye ns
remaval time
SDA input bus free time tsUF 5(9) * tigeye + 120 | — ns
START condition input hold time | ts1an ticeye + 120 — ns
Repeated START condition input | tsas 120 — ns
setup time
STOP condition input setup time | tstas 120 —_ ns
Data input setup time tsoas Yigeye + 30 — ns
Data input hold time tspaH L] —_ ns
SCL, SDA capacitive load Cp ! — 550 pF
Note:  thoeye: IIC internal reference clock (IIC) cycle.
Mote:  Values in parentheses apply when INCTL DNFS[3:0] is set to 0011b while the digital filter is enabled with INCTL_DNFE set to 1.
Mote:  Targets are SCLO_A and SDAD A
Nete 1. Cp indicates the total capacity of the bus line.
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Table 2.32 IIC timing (2)
Setting of the SCLO_A. SDAD_A pins are not required with the Port Drive Capability bit in the PmnPFS register.

Test
Parameter Symbol | Min Typ |Max Unit | conditions
nc SCL input cycle time tseL 10 (12) = Yegge + | — — ns Figure 2 48
{Hs-mode) BO
BFCTL.HSME =1
SCL input high puise width tseiH 5 (6) * iceye — — ns
SCL input low pulse width tsow 5 (6) * ticeye — — ns
SCL rise time Cy = 400pF | {501 — —_ 80 ns
Cyp = 100pF — —_ 40 ng
SDA rise time Cy = 400pF | tgoa — — 160 ns
Cyp = 100pF — — &0 ns
SCL fall time Cy = 400pF | tsic. - —_ &0 ns
Cy = 100pF —_ — 40 ns
SDA fall ime Cp = 400pF | tspa — - 160 ns
Cp = 100pF —_ — 80 ns
SCL, SDA input spike pulse removal time tsp L] — 1(1) = iceye | NS
START condition input hold time tsTAH ticeye + 40 —_ — ns
Repeated START condition input setup time | tsyas 40 — —_ ns
STOP condition input setup time tstos 40 — — ns
Data input setup ime tsnas 10 —_ — ns
Data input hald time Cyp = 400pF | tspay L] — 150 ns
Cyp = 100pF L] — 70 ns
SCL, SDA capacitive load oyt - — 400 pF
SCL output minkmum high Cy = 400pF | tzo1n — 120 | 225 ns
pulse width
Cy = 100pF — 60 | 130
SCL autput minimum low pulse | Cp = 400pF | tson —-— — 320 ns
width
Cp = 100pF — —_ 160

Note:  liceye: IIC internal reference clock (IICe) cycle.

Note:  Values in parentheses apply when INCTL.DNFS[3:0] is set to 0011b while the digital filter is enabled with INCTL.DNFE set to 1.
Note:  Targets are SCLO_A and SDAD_A.

Note 1. Cp indicates the total capacity of the bus line.
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2312 CANFD Timing
Table 2.33  CANFD interface timing
Parametar Symbol CAN CAN-FD Unit Test conditions
Min Max Min Max
Intermal delay time trade — 100 — 75 ns Figure 2.49
Note:  lhage = lujorx) + lejcre)
Internal
transmission CTX0
delay time
(taicx))
-l -
i =
CANFD interface
(et
Intarnal \-T'K
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2.4 A/D Converter Characteristics

Table 2.34 A/D conversion characteristics (Common)

Parameter Min Typ |Max |Unit |Test
condl
tions

A/D conversion clock frequency(ADCLEK) 25 50 60 MHz | —

Successive approximation time 100 — 140 |ns —

AD Self-calibration SAR mode 1 % tanigye + 40 —_ — ns —

sampling

time Owversampling mode | 1 % lapeye + 40 —_ —_ ns —

Hybrid mode 1 % tapgye + 60 — — ns —
Salf-diagnosis SAR mode 1 % taneye + 40 — — ns —
Oversampling mode | 1= lapgye + 40 - —_ ns o
Hybrid mode 1 % taneye + 60 —_ —_ ns —
AD High- Without {ANDDO to SAR mode 1 % lapgye + 40 - — ns —_
conversion | precision | channel- ANDDS)
high- dedicated  (ANDOG to Oversampling mode | 1 % tapgy + 40 — — ns —
speed sample- ANO11) =
channels |and-hold  (AND1Bto | Hybrid mode 1=laneye +60 | — |— Ins j—
circuits ANO19)
With (ANDODO to | SAR mode 1 = taneye + 160 — —_ ns —
channel- AMNOOS) .
dedicated (ANODE to Hybrid mode 1 % taneye + 160 —_ — ns —
sample- ANOT1)
and-hold
circuits
High-precision middle- (AN0121io | SAR mode 180 — — ns —_
speed channels ANOTT
) Owversampling mode | 180 — —_ ns —
Hybrid mode 180 —_ — ns —
Normal-precigion low-  (AND20 to SAR mode 400 —_ — ns -
peed channels AMNOZE
5 " ) Oversampling mode | 400 - —_ ns —
Hybrid mode 400 - —_ ns o

Channel- Sampling Seff-calibration 1 % tanieye + 400 - — ns —

dedicated time

sample- AD conversion 400 — i ns -

a_ncl-l_wld Hold mode switching time 40 —_ — ns —

circuits
Hold time — — 5 us o

Operation | A/D start-up time 20 — — us —

stabilization - - -

time Channel-dedicated sample-and-hold cireuits start-up time 20 —_ — us -

AD shut-down time 10 —_ —_ ps -

Mote:  tapeys : ADCLK cycle
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Table 2.35 A/D conversion characteristics (SAR mode) (1 of 2)
Paramater Min Typ | Max Unit | Test conditions
SAR mode | Analog input voltage range VREFLO | — VREFHO |V —
Resolution — — 12 bit —
CQuantization error — #05 |— LSB [—
High- Without Conversion | Normal 016 —_ — us s ADCLK: 50 MHz
precision channel- time"1 conversion = Sampling time: 3 ADCLK
high-speed | dedicated 2 e Successive
channels sample-and- With 0.64 e s approximation time: 5
(ANOOO to | hold szraglng ADCLK
ANDOS) crcuits™ mos « Signal source
(ANOOE to (4-time impedance: 50 0 of less
ANO11) conversion)
(ANO18 to Offset error — +10 [+30 LSB [—
AND18)3
Full-scale error — +15 |425 LSB [—
Absolute MNormal — +55 |47.0 LSB [—
accuracy conversion
With —_ +45 |55 LSB |—
Averaging
maode
{4-time
CONVErsion)
Total unadjusted emor — +35 |240 LSB [—
(TUE)™
DML differential — -l [-1to LSB |—
nonlinearity emoar +15 |+25
INL integral nonlinearity — 20 |23.0 LSB |—
efror
With Conversion | Normal 072 — — us s ADCLK: 50 MHz
channel- time < conversion s Sampling time
dedicated With > 88 of channel-dedicated
sample-and- L ¢ - - Hs sample-and-hald circuits:
hold circuits -‘\“‘:1"39'!‘9 20 ADCLK
macs = Hold mode switching
{4-lime ) time of channel-dedicated
conversion) sample-and-hold cireuits:
2 ADCLK
s Sampling time: 8 ADCLK
s Successive
approximation time: 5
ADCLEK
= Signal source
impedance: 50 0 or less
Offzet error — 205 [+1.0 LSE |—
Full-scale error — +15 |+15 LSB [—
Absolute MNormal — +50 [47.0 LSB |[—
accuracy conversion
With _— +40 14650 18R | —




RAGT2 Datasheet

2. Electrical Characteristics

Table 2.36  AJ/D conversion characteristics (SAR mode) (2 of 2)
Parameter Min Typ |Max Unit | Test conditions
SAR mode | High-precision middle- Conversion | Mormal 023 - — us ADCLK: 50 MHz
speed channels time’! cONVersion Sampling time: 8 ADCLEK
(ANO12 to ANO1T) = Successive
With 112 i HE approximation time: 5
Averaging ADCLK
“;0‘_‘“ Signal source
{d-tivisy ' impedance: 50 0 or less
conversion)
Offset error — +10 |+1.5 LSB
Full-scale error — +10 |+25 LSB
Absolute MNormal - 40 |£7.0 LSB
accuracy conversion
With — +30 |+55 LSB
Awveraging
made
{4-time
CONWErsion)
Total unadjusted error — 34 (244 LSB
(TUE)*
DML differential — Ao |-1t0 LSB
nonlinearity eror +15 |+25
INL integral nonlinearity —_ +#20 [+30 LSB
efror
Normal-precision low- Conversion | Normal 0.50 — —_ us ADCLK: 50 MHz
speed channels time’! conversion Sampling time: 20
(AND20 to ANOZB) y ADCLK
With ) 200 — —_ us Successive
Averaging approximation time: 5
mmods ADCLK
itime ’ Signal source
conversion) impedance: 50 0 or less
Oifset error —_ +10 |25 LSB
Full-scale error - 15 |+25 LSB
Absolute Mormal — +55 |+8.0 LSB
accuracy conversion
With — +55 |£7.0 LSB
Awveraging
mode
{4-time
conversion)
Total unadjusted arror —_ +42 [+53 LSB
{TUE)™
DML differential — o [-1to LSB
nonlinearity emor +15 |+25
IML Integral nonlinearity —_ +20 [+40 LSB
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Table 2.36  A/D conversion characteristics (Oversampling mode and Hybrid mode) (1)

Paramater Min Typ Max Unit Tast conditions
Oversampling | Analog input | Single-ended input voltage | VREFLOD | — VREFHO |V —_
:f:::;id& Fo g TR0 | Wereriial inputvokage™ | -VREFHO | — +VREFHD | v =
Resolution —_ — 16 bit =
Owarsampling | Oversampling mode 0.16 — — s = ADCLK: 50 MHz
perod = Sampling time: 3 ADCLK

s Successive
approximation time: 5
ADCLK

= Without disconnection
detection assist function

s Signal source impedance:
50 0 or less

Hybrid mode™ 018 — = us « ADCLK: 50 MHz

s Sampling time: 4 ADCLK

* Successive
approximation time: 5
ADCLK

« Without disconnection
detection assist function

» Signal source impedance:

50 0 or less
Digital filter Sinc filter Initial delay — 22 — IFos —_
ch terist
=i Group delay | — 11 — =
MNaormalized — 0033 |— FinfFos |—
Cutoff
Freguency
Minimum Initial delay — 22 — IFos —_
hase filt
ki Group delay | — 2 — —
Marmalized — 016 — FinfFos |—
Cutoff
Freguency
Passband —_ <+ 0.01 | — JdB -
ripple

Note:  Fos is oversampling frequency. When in Hybrid mode, Fos is 1/ (the sum of the oversampling periods of each analog channel
assigned to the scan group).

Mote 1. Differential input voltage is (fgyp - Ay)

*  Ayye is input voltage of AN, and VREFLO = Ay s VREFHO.

s Ay is input voltage of ANy, and VREFLOD s Ay s VREFHO.

(x=2i,y=21+1.i=0, 1, 2._. (any integer))

Note 2. See Figure 2 50 and Figure 2 51.
Note 3. Value per channel.
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Figure 2.50 Digital filter characteristics (Sinc filter)
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Figure 2.51 Digital filter characteristics (Minimum phase filter)
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Table 2.37 A/D conversion characteristics (Oversampling mode and Hybrid mode) (2)

Parameter Min |Typ |Max |Unit |Testconditions
Oversampling | Sinc filter Single-ended | SNDR signal- | — 80 — dB = ADCLK: 50 MHz
mode and Input to-noise and e Sampling time:
Hybrid mode distortion ratio High-pracision high-spaed
(ANOOO to = channels (Oversampling
ANODS) ENOB = 13 = bit mode): 3 ADCLK
(ANDOG to effective High-precision high-speed
ANOT1) number of bits channels (Hybrid mode): 4
(ANO1E to Differential SNDR signal- | — 86 - dB ADCLK
AND19) input to-nolse and High-precision middle-
(ANO12 1o distartion ratio speed channels: 8 ADCLK
AMNO1T) = Successive approximation
ENOB — 14 — bit time: 5 ADCLK
effective « Signal source impedance:
number of bits 50 0 or less
= = = Input frequency:
Minimum phase Single-ended SNDS signal- | — 68 — dB Oversampling mode: 10
filter Input te-nolse and kHz
distortion ratio Hybrid mode: 4 kHz
ENOB ity 14 i bit = Without channel-dedicated
effactive sample-and-hold circuits
number of bits
Differential SMDR signal- | — T4 — dB
input to-nolse and
distortion ratio
ENOB — 12 — bit
affective
number of bits
Table 2.38 A/D conversion characteristics (Oversampling mode)
Parameter Min Typ Max Unit Test conditions
Oversampling | Single-ended | UnitD | Offset arror — #H0 |— LsB s ADCLEK: 50 MHz
miode Inpit = s Sampling time:
(ANDOO to Gain emor = 320 |— High-precision high-speed
ANOOS) DML differential - #0 [— channels. 3 ADCLK
(ANDOE to ! ; i | High-precision middie-
AND11) HicnNmanry amor speed channels: 9 ADCLK
(ANO18 to INL integral nonlinearity | — B0 |—= Normal-precision low-speed
AND1S) arror channels: 20 ADCLK
(AND12 to = Successive approximation
AND17) Unit1 | Offset error — +8.0 — time: 5 ADCLE
(ANDO20 to F = Signal source impadance:
AND28) Gain emor — +320 |— 500 or less,
DML differential — 4.0 — = Digital filter: Sinc filter
nanfinearity emror’? = Without channel-dedicated
sample-and-hold circuits
INL integral nonlinearity | — +8.0 —
error’!
Differential Unitd | Offset emor —_ +40 —
4 o Gain emror — +140 |—

PR T il =B o
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Note 1. Test conditions: 0.2% to 98.8% of the analog input voltage range.

Table 2.39  AJD conversion characteristics (Hybrid mode) (1 of 2)
Parameter Min | Typ Unit |Test conditions
Hybrid mode | Without Single-ended | Unitd | Offset arror — +8.0 LSB s ADCLK: 50 MHz
{ANDOOO to channel- input - = Sampling time:
ANOOS) dedicated Gain error —  |#00 High-precision high-
(ANOODE to sample-and- DML differential s 4.0 speed channels: 4
AND11) hold ; z 3 ADCLK
(ANO18 10 | cireuits™ Ty AT High-precision middle-
AND1E)" INL integral —_ 8.0 speed channels: §
(ANO12 to nonlinearity error"2 ADCLEK )
AND1T)! Mormal-precision low-
(ANOZ20 to Unit1 | Offsat error —_ +8 0 speed channels: 20
AND28)" Gain error —  |ta00 ADGLY
* Successive
DNL differential — +4 0 approximation time: 5
nonlinearity eror < ADCLK
= Signal source
INL integral — +8.0 impedance: 50 0 or
nonlinearity error2 less
Digital filter: Sinc filte
Differential | Unit0 | Offset error R PP bl el
i Gain error — |00
DML differential — £20
nonlinearity error2
1ML integral — +4.0
nonlinearity error 2
Unit1 | Offset error — +4.0
Gain error — £20.0
DML differential — £20
nonlinearity error 2
1ML integral —_ +4 0

nonlingarity eror2
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Table 2.39  A/D conversion characteristics (Hybrid mode) (2 of 2)

Parameter Min | Typ Max | Unit | Test conditions
Hybrid mode | With Single-ended | Unitd | Offset error — B+T2 — LSB « ADCLK: 50 MHz
{ANQOO to channel- input = Sampling time
ANDOS) dedicated Gain eror —  |-23s72 |— of channel-dedicated
Aoty | o s DEween . = | = Srcts: 20 ADCLK
old circu - - . circuits:
i 2z
(AND18 to g ikl i « Hold mode switching
ANO18)™ INL integral — 8.0 — time of channel-
(ANO12 to nonlinearity emor 2 dedicated sample-and-
AND1T) - hold circuits: 2 ADCLK
(ANO20 to Unit1 | Offset arror — B+T2 |— « Sampling time: 9
AND28) Gain error — 23272 | — ALIGHC,
* Successive
DML differential — +4.0 —_ approximation time: 5
nonlinearity error2 ADCLK
- = Signal source
INL integral — +8.0 - impedance: 50 0 or
nonlinearity ermor2 less
= - = Digital filter: Sinc filter
Differential Unitd | Offset error —_ B+72 —_
input
iy Gain emor — -15+36 |—
DML differential — +4.0 —
nonlinearity emor’2
IMNL integral — +8.0 —
nonlinearity emror 2
Unit1 | Offset error — G272 |—
Gain ermor — -15+36 |—
DML differential — +4.0 —
nonlinearity eror<
IML integral — 8.0 —

nonlinearity emor 2

Neote 1. Channel-dedicated sample-and-hold cireuits are not available in these channels.
Note 2. Test conditions: 0.2% to 99.8% of the analeg input voltage range.

Table 2.40 AJ/D internal reference voltage characteristics

Parameter Min Typ Max Unit Test conditions
AJD internal reference voltage 1.13 1.18 123 v
Sampling tirme 415 — — s

Table 2.41 A/D conversion characteristics of D/A output
Parameter Min Typ Max Unit Test conditions

Sampling time 1 —_ — us

25 DAC12 Characteristics
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Table 2.42

D/A conversion characteristics (2 of 2)

Parametar

Min

Typ

Max

Unit

Tast conditions

Conversion time —

3

ps Resistive lcad 2 M{, Capacitive load 20 pF

Output voltage range L]

AVCCO

W —

With output amplifier

INL —_

+2.0

+4.0

LSB —

DML —

+1.0

+20

LSB —

Conversion time —

40

Resistive load 5

kQ —

Capacitive load —

50

oF o [—

Output voltage range 02

AVCCO-02

2.6 TSN Characteristics

Table 2.43 TSN characteristics

Parameter

Symbol

Unit Test conditions

Relative accuracy —

— e —

Temperature slope —

= mVieC =

Output voltage {(at 25 °C) —

Temperature sensor start time

IsTART

30 us A

Sampling time —

4.15

2.1

Table 2.44

ACMPHS Characteristics

ACMPHS characteristics

Parameter

Symbol

Min Typ

Max Test conditions

Input offset voltage

Vio

Reference voltage range

Vier

AVCCOo |V

Input voltage range

Vi

AVCCO |V

Output delay

Ty

200 ns VOD = 100 mV

L)

200 ns

Waiting time for stabilization following
switching of the input

Lot

Operation stabllization time

temp

CMPCTL.CDFS =0
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IWREFn
({Reference input voltage)

IVCMPn
{analog input voltage)

b /
100 mi
¥

Iy
100 my
¥

Ry

CMPOUTR or CMPOUTO12
or VCOUT
{output for monioring the results
of comparison)
(n=0m3)
Figure 2.52 Comparator Response Time

2.8 PGA Characteristics

Table 2.45 PGA characteristics in Single-ended input mode (1 of 2)

Paramatar Symbol Min Typ | Max Unit | Tast conditions

Offset emor Woff -8 — ] mv

PGAVSS input PGAVSS [i] — 1] v

voltage range

Single-ended input | AIND (G = 2.000) 0.05 = AVCCO — | 0.45 x AVCCO v

¥oiiaga range AIN1 (G = 2.500) 0.047 x AVCCO  |— |038=AvCCO |V
AINZ (G = 2 BBT) 0.046 x AVCCO  |— | 0.337 x AVCCD |V
AIN3 (G = 2 857) 0.046 x AVCCD  |—  |0.32 x AVCCO v
AIN4 (G = 3.077) 0.045 x AVCCO  |— |0.282xAVCCD |V
AINS (G = 3.333) 0.044 = AVCCO — 0.265 = AVCCO v
AING (G = 3.636) 0.042 = AVCCO — 0.247 = AVCCO v
AINT (G = 4.000) 0.04 = AVCCO —  |022xAVCCO |V
AINB (G = 4.444) 0.036 x AVCCD  |—  |0.191 x AVCCD |V
AINS (G = 5.000) 0033 x AVCCO  |—  |0.17 x AVCCO v
AIN10 (G = 5.714) 0.031 x AVCCO  |— |0.14Bx AVCCOD |V
AIN11 (G = 6.66T) 0028 x AVCCO  |— |0127 xAVCCD |V
AIN12 (G = B.000) 0.027 = AVCCO —_ 0.09 = AVCCO v
AIN13 (G = 10.000) 0.025 x AVCCO  |— | 0.08 x AVCCO v
AIN14 (G = 13.333) 0.023 x AVCCO  |— | 0.08 x AVCCO v
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Table 2.45 PGA characteristics in Single-ended input mode (2 of 2)

Parameter Symbol Min Typ |Max Unit | Test conditions

Output voltage PGAOUTO (G = 2.000) 0.100 x AVCCO  |— |[0800xAVCCO |V

range’! PGAOUT1 (G = 2.500) 0118=AVCCO |— |oSoo=aveco |V
PGAOUTZ (G = 2 667) 0123 x AVCCO |— |D888xAVCCO |V
PGAOUTS (G = 2 857) 0131 xAVCCO |— |ostaxavcco |V
PGAOUT4 (G = 3.077) 0.138 x AVCCO | —  |0888xAVCCO |V
PGAOUTS (G = 3.333) 0147 x AVCCD  |— |08B3xAVCCO |V
PGAOUTE (G = 3.636) 0153 x AVCCO |— |08sBxAVCCO |V
PGAOUTT (G = 4.000) 0.160 x AVCCD  |— |084BxpAvCCO |V
PGAOUTES (G = 4.444) 0160 x AVCCO | — |0848xAVCCO |V
PGAOUTS (G = 5.000) 0.165 x AVCCO |— |08s0xAvCCO |V
PGAOUTI0 (G = 5.714) 0177 x AVCCO  |— |0846xAVCCO |V
PGAOUT (G = 6.667) 0183 x AVCCO |— |0847xAVCCO |V
PGADOUT12 (G = 8.000) 0.216 x AVCCO  |—  [0720xAVCCO |V
PGADUT13 (G = 10.000) 0250 x AVCCD |— |0800xAVCCO |V
PGAOUT14 (G = 13.333) 0.307 x AVCCO  |—  |0800xAVCCO |V

Gain emor Geml (G = 2.000) -1.0 _ 1.0 %
Gerr1 (G = 2.500) -1.0 - |10 %
Ger2 (G = 2.667) -1.0 — |10 %
Gerr3 (G = 2.857) -1.0 — |10 %
Gerrd (G = 3.007) -1.0 - |10 %
Gerrs (G = 3.333) 15 — |15 %
Geré (G = 3.636) 15 - |15 %
Gen7 (G = 4.000) 15 — |15 %
GerrB (G = 4.444) 20 — |20 %
Gerr8 (G = 5.000) 20 — |20 %
Gerri0 (G =5.714) 20 — |20 %
Gerr!1 (G = 6.687) 20 — |20 %
Gerri2 (G = 8.000) 20 — |20 %
Gerr13 (G = 10.000) 20 — |20 %
Gerrid (G = 13.333) 20 — |20 %

Shew rate SR 10 — — Vius

Operation Latart — —_ 5 us

stabilization time

Note 1. Calculate with the following foermula. {n = 0 to 14)
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Table 2.46 PGA characteristics in Pseudo-differential input mode (2 of 2)

Paramater Symbol Min |Typ |Max | Unit Tast conditions
Differential input voltage range G =1.500 AIN-PGAVSS 05 |— 0.5 W
G=2333 04 |— 0.4 v
G =4.000 02 |— 0.2 v
G =5.667 015 |— 015 |V
Output voltage [ange"' G =1.500 Var 0.600 | — 2550 |V
G=2333 047 | — 2733 |V
G =4.000 0.550 | — 2600 |V
G =5.667 0.500 | — 2650 |V
Gain efror G=1.500 Gerr 10 |— 10 %
G=2333 10 |— 10 %
G =4.000 1.0 |— 1.0 %
G =5.667 10 |— 1.0 %
Slew rate SR 10 - —_ Wips
Operation stabilization time | P —_ - 5 us
Note 1. Calculate with the following formula.
Vigr = (AIN - PGAVSS) = G + (0.5 = AMCCO)
Actual output range includes gain emor.
Var = (AIN - PGAVSS) = G x (Gerr + 100%) + (0.5 = AVCCO)
0.5 = AWCCO
R2
AVCCD fonseiveciianiiss
Analog input
(ANDO0,002,004,018) Ry Vo o | Output voltage (Va)
Differential input voltage R2 i Vet R s
Vin = Wigany — Vipoavesy
0.5 * AVCCO [ty

0.5V when
G=15 By # Wt TR Refenance ground &t the
Wipraves) £ Eme of PGA pseudo-
5 differandal input
(PGAVSSnn=0te3)

Figure 2.53 Input and Output Signal Levels with the PGA's Pseudo-Differential Setting

29 0SC Stop Detect Characteristics
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Vo al:
tdr

OSTDSR.OSTDF B

MOCO clock , l| " H ’l
ICLE h " ‘ 'l H 'l h 'l || ,‘

Figure 2.54 Oscillation stop detection timing

2.10 POR and LVD Characteristics

Table 2.48 Power-on reset circuit and voltage detection circuit characteristics (1)

Parameter Symbol |[Min |Typ [Max |it |Testconditions

Voltage detection | Power-on reset DPSBEYCR.DEEPCUT[1:0] = 00b or Veor |25 |26 |27 |V |Figure 255
level (POR) 01b.

DPSEYCR.DEEPCUT[1:0] = 11b. 18 (225 |27

Voltage detection circuit (LVDO) Ve 1 |2.84 (294 |3.04 Figure 2 .56

Ve z |277 [287 [297

Ve s |270 [280 |2.90

Voltage detection circuit (LVD1) Viet1 1 |2.89 |298 (308 Figure 2 57

Vigen 2z |282 (292 |302

Vet 3 |275 |285 |2.95

Voltage detection circuit (LVD2) Viez 1 |2.88 (299 |3.09 Figure 2 .58

Ve » |282 [292 [302
Veez 3 |275 |285 295

Intemal reset time | Power-on reset time tror —_ 45 —_ ms | Figure 2 55
LWDO reset time oo — 051 |— Figure 2.56
LVDA reset time bvot —_ 038 |— Figure 2 57
LWD2 reset time oz — 038 |— Figure 2.58
Minimum VCC down time™ T byoFF 0 | — — ps | Figure 255,
Figure 2 56

Response delay Laet — — 200 |ue |Figure 256 to

Figure 2.58
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beoFF
Veom
VCC
Internal reset signal
(active-low)
I s |
el teom tuet loet IPoR
Figure 2.55 Power-on reset timing
twoer
VG Vs T Wum
Intemnal reset signal
{active-low )
- P P
[Lies Ladi tywno

Figure 2.56 Voltage detection circuit timing (Vaeto)
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VCC Vaars

Vi

LVCMPCR.LVD1E

d—hl TaE-a)

VDA
Comparator output

L

LVD1CRO.CMPE |

LVD1SR.MON

Internal reset signal
(active-low)

When LVD1CRORN =0

When LVD1CRORN =1

£3

Lot

Lo

tvot

Figure 2.57 Voltage detection circuit timing (Vget1)
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biore

vce etz Z T Wowm
LVCMPCR.LVD2E
e-{ Tarea)
LVD2

L]

Comparator output

LVD2CRO.CMPE |

LVD2SR.MON

Internal reset signal
(actve-low)

When LVD2CRORN =0

toet et tuvoz

When LVD2CRO.RN =1

tuvoe
Figure 2.58 Voltage detection circuit timing (Vaetz)
2.1 Flash Memory Characteristics
211 Code Flash Memory Characteristics
Table 249  Code flash memory characteristics (1 of 2)
Conditions: Program or erase: FCLK = 4 to 60 MHz
Read: FCLK = 60 MHz
FCLK = 4 MHz 20 MHz = FCLK = 60 MHz e
Parameter Symbaol | Min Typ'® | Max | Min Typ'® |Max |Unit |conditions
Programming time 128-byte tp1za — 075 [13.2 |— 0.34 6.0 ms
MNpgr s 100 times
8-KB teak —_ 48  |176 |— 22 80 ms
32-KB tpamc  |— 194 |704 |— 88 320 |ms
Programming time 128-byte tpyzn e 091 1158 |— 0.41 7.2 ms
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Table 2.49 Code flash memory characteristics (2 of 2)

Conditions: Program or erase: FCLK = 4 to 60 MHz
Read: FCLK £ 60 MHz

FCLK = 4 MHz 20 MHz = FCLK = 60 MHz e
t

Parameter Symbol | Min Typ™® | Max | Min Typ® |Max |Unit |conditions
Suspend delay during programming tspn — — 264 |— — 120 us
Programming resume time tprT — — 110 |— — 50 us
First suspend delay during erasure in suspend tsgspr | — — 296 |— —_ 120 |ps
priority mode
Second suspend delay during erasure in suspend tsgspe | — — 1.7 |— — 1.7 ms
priority mode
Suspend delay during erasure in erasure priority teeen — —_ 1.7 |— — 1.7 ms
mode
First erasing resume time during erasure in suspend | tresty | — —_ 17 |— — 1.7 ms
priority mode'S
Second erasing resume time during erasure in trestz | — — 144 | — —_ 80 us
suspend priority mode
Erasing resume time during erasure in erasure tReeT — - 144 |— — &0 us
priority mode
Forced stop command /o —_ - 32 — — 20 us
Data hold time'? torp 10273 |— |=— [10273 |— — Years

3023 |— — 302" — — Ta = +85°C

Note 1. This ks the minimum number of times to guarantee all the characteristics after reprogramming. The guaranteed range is from 1 to
the minimum value.

Mote 2. This indicates the minimum value of the characteristic when reprogramming is performed within the specified range.

Mote 3. This result ks obtained from reliability testing.

Note 4. The reprogramierase cycle is the number of erasures for each block. When the reprogram/erase cycle is n times {n = 10,000),
erasing can be performed n times for each block. For example, when 128-byle programming is performed 64 times for different
addresses in B-KB blocks, and then the entire block is erased, the reprogram/erase cycle is counted as one. However, programming
the same address several limes as one erasure is not enabled. Ovenwriting is prohibited.

Note 5. Time for resumption includes time for reapplying the erasing pulse {(up to one full pulse) that was cut off at the time of suspension.

Note 6. The reference value at VCC = 3.3V and room temperature.
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Figure 2.59 Suspension and forced stop timing for flash memory programming and erasure

2112 Data Flash Memory Characteristics

Table 2.50 Data flash memory characteristics (1 of 2)

Conditions: Program or erase: FCLK = 4 to 60 MHz
Read: FCLK = 60 MHz

FCLK = 4 MHz 20 MHz = FCLK < 60 MHz e

Parameter Symbol | Min Typ ® | Max | Min Typ® |Max |Unit | conditions
Programming time 4-byte | tppy — 036 |38 |— 016 |17 |ms

&-byte |topes — 0.38 |40 |— 047 |18

16-byte [tppis | — 042 |45 |— 018 |20
Erasure time G4-byte | tngss —_ 31 18 |— 1.7 10 ms

128-byte [tpg1za | — 47 |27 |— 26 15

256-byte | lpgzss | — 89 |50 |— 49 28
Blank check time 4-byte toecs — — B4 | — — 30 ps
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Table 2.50 Data flash memory characteristics (2 of 2)

Conditions: Program or erase: FCLK = 4 to 60 MHz
Read: FCLK = 60 MHz

FCLK = 4 MHz 20 MHz = FCLK < 60 MHz i
Parameter Symbol | Min Typ ® | Max | Min Typ® |Max |Unit | conditions
Second suspend delay during erasure in | 64-byte |lpspspe |— — 300 | — - 300 |ps
suspend priority mode 128-byte = — 290 |— — 390
256-byte — — 570 (— —_ 570
Suspend delay during erasing in erasure | 64-byte (tpsepep [— - 300 |— — 300 |ps
priority mode 128-byte [ — 390 (— — 380
256-byte — — 570 (— — 570
First erasing resume time during erasure in toresTy | — - 300 | — —_ 300 |ps
suspend priority mode™>
Second erasing resume time during erasure in toresTz | — —_ 126 | — —_ T0 us
suspend priority mode
Erasing resume time during erasure in erasure loreer |— - 126 | — —_ T0 us
priofity mode
Farced stop command teo — — 32 |- — 20 s
Data held time lorp 103 |— — (1039 = = ‘Year
3034 |— — |307%74 —_ - Ta = +85°C
Mote 1. The reprogramierase cyche is the number of erasures for @ach block. When the reprogramferase cycle is n times (n = 125, 000),

Note 2.

Note 3.
Note 4.
Note 5.
Note 6.

erasing can be performed n times for each block. For example, when 4-byte programming is performed 18 times for different
addresses in 64-byte blocks, and then the entire block is erased, the reprogram/erase cycle is counted as one. However,
programming the same address several times as one erasura is not anabled. Overwriting is prohibited.

This is the minimum number of times to guarantee all the characteristics after reprogramming. The guarantesd range is from 1 to
the minimum value.

This indicates the minimum value of the characteristic when reprogramming i performed within the specified range.

This result ks obtained from reliability testing.

Time for resumption includes time for reapplying the erasing pulse (up to one full pulse) that was cut off at the time of suspension.
The reference value at WVCC = 3.3 V and room temperature.

211.3 Option Setting Memory Characteristics

Table 2.51 Option setting memory characteristics

Conditions: Program. FCLK = 4 to 60 MHz
Read: FCLK s 60 MHz

FCLK = 4 MHz 20 MHz = FCLK = 60 MHz
Parameter Symbol | Min Typ®  |Max Min Typ'® | Max Unit Test conditions
Programming time lap - B3 309 —_ 45 162 ms
Noge = 100 times
Programming time top —_ 100 3™ —_ 55 185 ms
MNapc = 100 imes
Reprogramming cycle Nope 200007 | — — 200007 | — —_ Times




RAGT2 Datasheet

2. Electrical Characteristics

212 Boundary Scan
Table 2.52 Boundary scan characteristics
Parameter Symbaol Min Typ Max Unit Test conditions
TCK clock cycle time trckeys 100 — — ns Figure 2.60
TCK clock high pulse width trexn 45 — — ns
TCK clock low pulse width Yrem 45 — — s
TCK clock rise tima treke — — 5 ns
TCK clock fall time i - — 5 ne
TMS setup time trmss 20 — — ns Figure 2 61
TMS hold time Trmss 20 — — ns
TOI setup time trois 20 — —_ ns
TOI held time [ 20 — — ns
TOO data delay trooo — — 40 ns
Boundary scan circuit startup time™? | Tesstue | tReswe — - — Figure 2 62

Note 1. Boundary scan does not function until the power-on reset becomes negative.

TCK il

Figure 2.60

Boundary scan TCK timing

Irnasn

™S

brmii

TDI

e

y I
;
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VCC ",l
RES |
% "
tassmoe Boundary scan
= trEmwey) ENECLE

Figure 2.62 Boundary scan circuit startup timing
213  Joint Test Action Group (JTAG)
Table 2.53 JTAG

Parameter Symbeol Min Typ Max Unit Test conditions

TCK clock cycle time treKeye 40 — — s Figure 2.63

TCK clock high pulse width trekH 156 - - ns

TCK clock low pulse width troKL 15 — — s

TCK clock rise time trexe — - 5 ns

TCK clock fall time trow —_ — 5 s

TMS setup time trmss B - - ns Figure 2 64

TMS hold time trmsn B — — ns

TDI setup time trois B — — s

TDI hold tirme trom B — — ns

TDO data delay time trooo —_ —_ 20 ns

trokeywe
trokn
TCK / troke
e troke

trom
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TCK I-

™S ]< E
tros tromM
TDI -\ b
trooo
TDO
Figure 2.64 JTAG input/output timing
214 Serial Wire Debug (SWD)
Table 2.54 SWD
Paramater Symbol Min Typ Max Unit Test conditions
SWCLK clock cycle time taweKey: 40 — ns Figure 2.65
SWCLK clock high pulse width tawckH 15 —_ ns
SWCLK clock low pulse width tawekL 15 —_ ns
SWCLK clock rise time tawckr — i, ne
SWCLK clock fall time tawicxr —_ —_ ns
SWDIO setup time tgwns 8 —_ — ns Figure 2 .66
SWDIO hold time tawon 8 —_ — ns
SWDIO data delay time tgwno 2 — 28 ns
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SWCLK

F 3

tswekeye

tswokH

v

tswekL

Figure 2.65 SWD SWCLK timing

SWCLK

SWDIO
{Input}

SWDIO
(Output)

SWDIO
{Oufput)

SWDIO
(Output)

lzams LzwoH
tzwoo
tswoo
lswoo

Figure 2.66 SWD input/output timing
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Table 2.55 ETM (2 of 2)
Conditions: High speed high drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol Min Typ Max Unit Tast conditions
TODATA[3:0] output setup time trros 25 — — ns Figure 2.68
TODATA[3:0] output hold time trrROH 1.5 — —_ ns
tTeLKeye
troikH
TCLK ? troiks
— trcoke
trowe

Figure 2.67 ETM TCLK timing

TCLK ?

”l B
=

'Y
v
r Y
h 4
F Y
Y

trros tTROH tTrRDS tTROH

TDATA[3:0] \

Figure 268  ETM output timing
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Appendix 1. Port States in Each Processing Mode

After Deep Software Standby mode is
e canceled (return to startup mode)
Function | Pin function Reset Software Standby mode SIanh:und; IOKEEP =0 IOKEEP = 171
Mode MD Puil-up Heap-0 Keep Hi-Z Heep
JTAG TCHTMSTIN Pull-up Heap-0 Keap Hi-Z Feep
TDO TDO output Heep-0 Keep TDO output Heep
Traca TCLKTOATA Hi-Z Keep-0 Keap HeZ Keep
IRC IR G Hi-Z Keep-0% Keep Hi-Z Keep
IRCe-DS Hi-Z Keap-0'2 Keap™? Hi-Z Keep
KINT HRooe Hi-Z Keep-0'7 HKeep Hi-Z Keep
AGT AGTION Hi-Z Keep-0'2 Keap Hi-Z Keep
Hnc SCLSDAN Hi-Z Keep-0'Z HKeep H:Z Keep
CLKOUT | CLKOUT Hi-Z [CLEOUT selacted] HKeep Hi-Z Keep
CLKOUT output
ACMPHS | VCOUT, CMPOUTm, Hi-Z Hi-Z (Keep-0) Hi-Z (Keep-0) Hi-Z Keep
CMPOUTO12
IWREFn Hi-Z Hi-Z (Keap-0) Hi-Z (Keep-0) HiZ Hi-Z
IWCMPmn Hi-Z Hi-Z (Keep-0) Hi-Z (Keep-0) HiZ Hi-Z
DAC12 Cian Hi-Z [Dén output (DADE = 1)] Keap H+Z Keep
DA output retained
ADC Al Hi-Z Hi-Z Hi-Z H:Z Hi-Z
PGEAIND Hi-Z Hi-Z H-Z Hi-Z Hi-Z
PGAVSSD Pull-up™ Pull-up™ | Kesp Pull-up™ | Keep | Pull-up™ | Keep Pull-up™ | Keep
PGAOUTR Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z
Others — Hi-Z Heap-0 Keep Hi-Z Keep
Mote:  H: High-level
L: Low-level

Hi-Z: High-impedance
Keep-0: Output pins retain their previous values. Input pins go to high-impedance.
Keap: Pin states are retained during periods in Software Standby mode.
Mote 1. Retains the VO port state until the DPSBYCR.IOKEEP bit is cleared to 0.
Note 2. Input is enabled if the pin is specified as the Software Standby canceling source while it is used as an extemal interrupt pin.
MNote 3. Input is enabled if the pin is specified as the Deep Software Standby canceling source.
Note 4. The built-in pull-up is turned on to protect the circuit from negative potential inputs.
MNote 5. Regardiess of whether the PGA is enabled or disabled, when the PGA is set to pseudo-differential mode, the built in pull-up is
tumed on to protect the circuit from negative potential inputs. To tum off the builtin pull-up, turn off the PGA's pseudo-differential
mode and set it to single mode.
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Appendix 2. Package Dimensions

Information on the latest version of the package dimensions or mountings is displayed in Packages on the Renesas
Electronics Corporation website.

JEITA Package Code RENESAS Code Previous Code MASS (Typ) [g]
P-LFQFP100-14x14-0.50 PLOPO100KE-B — 06
Hy Unit: mm
I1 D
75 51
ARARRARARARAAAARAAAAAAARH
TE == =¥
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= =
oo 1
== ==
= o
[= = -
== =)
= = w| £
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1 Index area = SotEs WOTE}
NOTE 3 F 1. DIMEMSIONS “*1* AND **2" DO NOT INCLUDE MOLD FLASH.
2. DIMEMSION “3” DOES NOT INCLUDE TRIM OFFSET.
3. PIN 1 VISUAL INDEX FEATURE MAY WARY, BUT MUST BE
T LOCATED WITHIN THE HATCHED AREA.
T rmn nnnn nnnnnnnn Hn 1”“*%1, 4. CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY.
Referencs | Dimensions in millimeters
*3 bp Smtal 1 pin | Nom | Max
2 —— 1@ D | 139 | 140 | 144
E 138 | 140 | 141
Az = 1.4 =
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He 158 | 16.0 | 162

i 8 A | = | =] 87
iy (ﬂ]j]_lﬁﬁ R A |oos| — [01s
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JEITA Package Code RENESAS Code Previous Code MASS (Typ) [g]
P-LFQF PG4-10x10-0.50 PLOFO0B4KB-C —_ 03
Unit: mm
Ho
71 D
48 33
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48 == 2
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F NOTE}
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i 7T o DAL S SR K A ARl BT M 5
he 1 .
% iy LOCATED WITHIN THE HATCHED AREA.
N 4 CHAMFERS AT CORNERS ARE OPTIDNAL. SIZE MAY VARY.
B 3 o Refersnce | Dimensions in milimeters
x Symbol 1 pin | Nom | Max

b | a9 [ 100101
E 99 | 100 | 101
A | — [ ] —
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He | 118 | 120 ] 122

I ( j ﬁ " P [ [p—
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JEITA Package code RENESAS code MASS(TYP.)g]
P-HWQFNO64-8x8-0.40 PWOQNOOB4LB-A 018
2%
[ ]zaz]C]
48 33

45

7// i
64 17
= ERE 4 I
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e
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1
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JEITA Package Code RENESAS Code Previous Code MASS (Typ) [g]
P-LFQFP48-7x7-0.50 PLQPO048KB-B = 0.2

Unit: mm

I

13

i
LR

=
|5/
iy

NOTE)

- DIMENSIONS **17 AND =2" DO NOT INCLUDE MOLD FLASH
. DIMENSION 3" DOES NOT INCLUDE TRIM OFFSET.

3. PN 1 VISUAL INDEX, FEATURE MAY MARY, BUT MUST BE
LOCATED WITHIN THE MATCHED AREA.

CHAMFERS AT CORMERS ARE CPTIONAL, SIZE MAY WARY.
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JEITA Package code RENESAS code | MASS(TYP.)g]
P-HWQFN048-7x7-0.50 PWQMNOD48KC-A 013g
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Appendix 3.

This appendix describes [/0 register address and access cycles by function.

I/O Registers

3.1 Peripheral Base Addresses

This section provides the base addresses for peripherals described in this manual. Table A3.1 shows the name, description,
and the base address of each peripheral.

Table A3.1 Pe

ripheral base address (1 of 3)

Mame Dascription Base address
RMPU Renesas Memory Protection Unit O 0000000
TZF TrustZone Filter O 000 _QEQQ
SRAM SRAM Control Ooed 0002000
BUS BUS Control Coed 0003000
DMACD Direct memory access controller 0 Ooed 0005000
DMACH Direct memaory access controller 1 O 0005040
DMAC2 Direct memory access controller 2 Oxd 0005080
DMAC3 Direct memory access controller 3 Oxd 000 _50C0
DMACSH Direct memory access controller 4 Ooed 0005100
DMACS Direct memory access controller 5 Ox4000_5140
DMACS Direct memory access controller 6 (x4 0005180
DMACT Direct memory access controller 7 Oxd 000 51C0
DA DMAC Module Activation Ooed 0005200
DTC Data Transfer Controtler (x4 0005400
Icu Interrupt Controller O 0006000
CACHE CACHE Ooed 0007000
CPsCU CPU System Security Control Unit e 000 BOOO
DBG Debug Function Oned 001 _BOOO
FCACHE Flash Cache Oned001_C100
SYSC System Contral Ooed001_EQO0
PORTO Port 0 Control Registers Oned001_FOOD
PORT2 Port 2 Control Registers Oned001_FO40
PORTA Port & Control Registers Ond001_F140
PORTE Paort B Control Registers Oned001_F160
PORTC Port C Control Registers Oned001_F180
PORTD Port D Control Registers Ooed001_F1AD
PORTE Port E Control Registers Ooed001_F1C0
PFS R Pmn Pin Funetinn Contenl Reoistar A0 FRON
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Table A3.1 Peripheral base address (2 of 3)

MName Description Base address
KINT Key Interrupt Function Ox4008_5000
POEG Port Qutput Enable for GPT D4 008_ADO0
CANFD CANFD Madule Contral Ox400B_0000
PSCU Peripheral Security Contral Unit Ox400E_0000
AGTW_BOD Lew Power Asynchronous General purpose Timer 0 Ox400E_8000
AGTW _B1 Low Power Asynchronous General purpose Timer 1 Ox400E_8100
TSN Temperature Sensor Ox400F_3000
ACMPHS0 High-Speed Analag Comparater Ox400F_4000
ACMPHS1 High-Speed Analog Comparator Ox400F_4100
ACMPHS2 High-Speed Analog Comparator Ox400F_4200
ACMPHS3 High-Speed Analog Comparator Ox400F_4300
CRC Cyclic Redundancy Check Ox4010_8000
DOC_ B Data Operation Circuit Ox4010_9000
SCI_BO Serial Communication Interface 0 Ox4011_8000
SCI_B1 Serial Communication Interface 1 Ox4011_8100
SCl_B2 Serial Communication Interface 2 Ox4011_8200
SCI_B3 Serial Communication Interface 3 Ox4011_8300
SCI B4 Serial Communication Interface 4 Ox4011_8400
SCI_Bg Serial Communication Interface 9 Ox4011_8900
SPI_BO Serial Peripheral Interface 0 Ox4011_ADDO
SPI_B1 Serial Peripheral Interface 1 Oxd4011_A100
ic_Bo Inter-Integrated Circuit 0 Ox4011_FODO
lncowu_B Inter-Integrated Circuit 0 Wake-up Unit Ox4011_F098
lic_B1 Inter-Integrated Circuit 1 Ox4011_F400
ECCMB CANFD ECC Module Ox4012_F200
SCE5 B Secure Cryptographic Engine Ox4016_1000
GPT320 General PWM Timer 0 Ox4016_9000
GPT321 General PWM Timer 1 Ox4016_9100
GPT322 General PWM Timer 2 Ox4016_9200
GPT323 General PWM Timer 3 Ox4016_9300
GPT324 General PWM Timer 4 Ox4016_9400
GPT325 General PWM Timer 5 Ox4016_9500
GPT328 General PWM Timer & Ox4018_9600
GPT327 General PWM Timer 7 Ox4016_9700
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Table A3.1 Peripheral base address (3 of 3)

Mame Description Base address
FLAD Data Flash Ox407F_CO00
FACI Flash Application Command Interface Ox407F_E00D

Mote:  Name = Peripheral name
Description = Peripheral functionality
Base address = Lowest reserved address or address used by the peripheral

3.2  Access Cycles

This section provides access cycle information for the 1'O registers described in this manual.
& Registers are grouped by associated module.
® The number of access cycles indicates the number of cycles based on the specified reference clock.

« In the internal 1’0 area, reserved addresses that are not allocated to registers must not be accessed, otherwise operations
cannot be guaranteed.

¢ The number of IO access cycles depends on bus cycles of the internal peripheral bus, divided clock synchronization
cycles, and wait cycles of each module. Divided clock synchronization cycles differ depending on the frequency ratio
between ICLK and PCLK.

& When the frequency of ICLK is equal to that of PCLK. the number of divided clock synchronization cycles is always
constant.

o When the frequency of ICLK is greater than that of PCLE, at least 1 PCLEK cycle 1s added to the number of divided
clock synchromzation cycles.

# The number of write access cycles indicates the number of cycles obtained by non-bufferable write access.

Note:  This applies to the number of cycles when access from the CPU does not conflict with bus access from other bus

masters such as DTC or DMAC.
Table A3.2 Access cycles (1 of 3)
Mumber of access cycles
Address ICLK = PCLK ICLK > PCLK" e,
yC

Peripherals From To Read Write Read Wirite Unit Related function

RMPU, TZF, x4 000_0000 Ond000_EBFFF 4 3 4 3 ICLK Renssas Memory

SRAM, BUS, Protection Unit,

DMACH, DMA, TrustZone Filter,

DTC, ICU SRAM Control,
BUS Control, Direct
meamaory access
controller n, DMAC
Module Activation,
DTC Caontrol Register,
Intarrupt Controller

CACHE 4000 _TO00 Ox4000_TFFF 4 5 & 5 ICLK CACHE

CPSCL, DBG, Q40008000 0x4001_CFFF 4 3 & 3 ICLK CPU System Security

FCACHE Control Unit. Debug
Function, Flash Cache

5YSC Ched001_EOOG Ox4001_E3FF 5 4 5 4 ICLK Systern Contral
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Table A3.2  Access cycles (2 of 3)

Mumber of access cycles
Address ICLK = PCLK ICLK > PCLK™ i
¥
Paripherals From To Read Write Read Write Unit Related function
TFU Ceed 002 _ 1000 0002 _1FFF 4 3 4 3 ICLK Trigonometric
Functicn Unit
ELC O 008_2000 Oxa008_2FFF 5 4 35 2io4d PCLKB | Event Link Controller
IWDT, WDT. CAC | Dxd008_3000 Oxd008_3FFF 5 4 k1L 2tod PCLKBE | Independant
Watchdog
Timer, Watchdog
Timer, Clock
Frequency Accuracy
Measurement Circuit
MSTP Ched008_4000 Ox4008_4FFF 5 4 2tod 2tod PCLKE | Module Stop Control
KINT Ceed008_5000 Ox4008_SFFF 4 3 1t d 1to3 PCLKE | Key Inermupt Function
POEG e 008_ADOD Oxd008_AFFF -] 4 Its5 2tod PCLKB | Post Ouiput Enable for
GPT
CANFD Ce4 008 _0000 Ox400C_1FFF 5 4 25 2tod PCLKE | CANFD Module
PSCU O D0E_ 0000 O=400E_DOFFF 5 4 25 2io4d PCLKB | Penpheral Security
Control Linit
AGTn e O0E_BOOD Oxd00E_BFFF T 4 41 7 2tod PCLEB | Low Power
Asynchronous
General Purposs
Timer n
TSN Ceed 00F _ 3000 Oxd00F _3FFF 5 4 25 2to4d PCLKE | Temperature Sensor
ACMPHSn Ceed OOF _4000 Ox400F_4FFF 4 3 13 1to 3 PCLKE | High-Speed Analog
Comparator
CRC, DOC Ceed 010_&000 O 010_SFFF 5 4 25 2tod PCLKA | Cyclic Redundancy
Check, Data
Operation Cincuit
SClIn Ched011_BOOO Ox4011_BFFF 5 4 2o d 2tod PCLEA | Senal Communication
Interface n
SPin Ceed011_ACOD Ox4011_AFFF 5 ] 25 2tod PCLKA | Sedial Peripheral
Interface n
ICn Ced011_FOO0 Oxd011_FFFF 5 4 2o 4 2tod PCLKA | Inter-Integrated Circuit
n
CANFD ECC Cd012_F200 Oxd012_FFFF 5 4 25 2to4d PCLKA | CANFD ECC Module
SCES Ceed016_1000 x4016_1FFF & ] A6 2tod PCLKA | Secure Cryptographic
Engine
GPTaz2n, Ceed 016_2000 Oxd016_9FFF ] 5 Sto @ itob PCLKA | General PWM Timer
GPT_OPS [care n, Output Phase
clock = PCLKD) Switching Controlier
GPT32n, eed 016 _9000 O=4016_9FFF 10 7 7t 10 S5to7 PCLEA | Gensral PWM Timer
GPRT_OPS |core n, Qutput Phase
dlock = GPTCLK) Switching Controfler
GPT (GTCKCR) | (ed016_9B00 Ox4016_9B00 5 4 214 2tod PCLKA | GPT Clock Control
Register
POG Ced016_ADOD Ox4016_AFFF 4 3 13 1to 3 PCLKA | PWM Delay
Generation
RABTZ2 Datasheet Appendix 3. I/O Registers
Table A3.2 Access cycles (3 of 3)
Mumber of access cycles
Address ICLK = FCLK ICLK > FCLK™ I
ye
Peripherals From To Read Write Read Write Unit Related function
FLAD, FACI D4 OTF_COO0 Ox407F_EFFF 5 4 2t05 2to4d FCLK Data Flash, Flash
Application Command
Interface

Note 1. If the number of PCLK or FCLK cycles is non-integer (for example 1.5), the minimum value is without the decimal point, and the
maxirnum value s rounded up to the decimal point. For example, 15t02 5is1to 3.
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Appendix 4.

Peripheral Variant

Table Ad.1 shows the correspondence between the module name used in this manual and the Peripheral Variant.

Table Ad.1 Module name vs Peripheral Variant

Module name Peripheral Variant
ELC ELC B
AGTW AGTW_B
8Ci SCI_B
liC lic_B
CANFD CANFD
5Pl SPI_B
SCE5 SCE5 B
ADC ADC B
DOC DoOC B
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Appendix 5.

Related Documents

Componant

Document Type

Description

Microcontrollers

Data sheet

Fealures, overview, and electrical characteristics of the MCU

User's Manual: Hardware

MCU specifications such as pin assignments, memory maps,
peripheral functions, electrical characteristics_ timing diagrams, and
operation descriptions

Application Notes

Technical notes, board design guidelines, and software migration
information

Technical Update (TU)

Preliminary reports on product specifications such as restriction and
errata

Software

User's Manual: Software

Command set, AP reference and programming information

Application Notes

Project files_ guidelines for software programming, and application
examples o develop embedded software applications

Tools & Kits, Solutions

User's Manual: Development Tools

Quick Start Guide

User's manuals and quick start guides for developing embedded
software applications with Software Packages, Development Kits,
Starter Kits, Promotion Kits, Product Examples, and Application
Examples

Application Notes

Project files_ guidelines for software programming, and application
examples to develop embedded software applications
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Revision History

Revision History

Revision 1.10 — Dec 9, 2021
First edition, issued

Revislon 1.20 — Mar 31, 2022

1. Ovearview:
s (Changed Package code in Table 1.11.
= Changed number of ACMPHS in Table 1.12.
Changed description of KINT in Table 1.13.

2. Electrical Characteristics:

Removed DAC12 from Reference power supply current in Table 2.7.
Changed Package code in Table 2.11.

Added parameter in Table 2 35

Changed full-scale error value in Table 2.35.

Removed pseudo from DML error in Table 2.35.

Appandix 2. Package Dimensions:
s (Changed image in Figure 2.3 and Figure 2.5.

Appendix 3. VO Registers:
= Changed Base address of ICOWU _B.
= Changed module name of GPT320 to GPT324.

Revision 1.30 — Aug 05, 2022

Features:
s |pdated Features.

1. Overview:
= LUpdated Table 1.3 System.
s Updated Table 1.8 Analog.
» Updated Table 1.10 Data processing accelerator.

2. Electrical Characteristics:

Updated Note_ 1 in Table 2.1 Absclute maximum ratings.

Updated Table 2.7 Operating and standby current.

Updated 2.4 A/D Converter Characteristics.

Updated Table 2 45 PGA characteristics in Single-ended input mode.
Updated Table 2 46 PGA characteristics in Pseudo-differential input mode.

Revision 1.40 — May 31, 2024

1. Overview:
s |pdated Figure 1.2 Part numbering scheme.

2. Elactrical Characteristics:
» Updated Table 2.32 [IC timing (2).

s Updated Table 2.36 A/D conversion characteristics (Oversampling mode and Hybrid mode) (1).

» Updated Figure 2.51 Digital filter characteristics (Minimum phase filter).

Appandix 3. VO Registers:
s Changed CANFD_B to CANFD in Table 3.1 Peripheral base address.

Appendix 4. Peripharal Variant:
= Changed CANFD B to CANFD in Table 4 1 Module name vs Peripheral Varant.



General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products coverad by this document, refer o the relevant sections of the document as well as any technical updates that have been issued for the products.

1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CAMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Emvironmental controd must be
adequate. When it is dry, 8 humidifier should be used. This is recommended to awoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and fransported in an anti-static container, static shielding bag or conductive material. All test and
measuremeant tools including work benches and floors must be grounded. The operator must also be grounded using & wrist strap. Semiconductor
devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.

2. Processing &t power-on
The etate of the product is undefined at the time when power is supplied. The states of internal circuits in the LS are indeterminate and the states of
register setfings and pins are undafined at the time when power is supplied. In a finished product where the reset signal is applied to the exdemnasl resst
pin, the states of pins are not guaranteed from the time when power iz supplied until the reset process is completed. In & similar way, the states of pina
in & product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the
level at which resetting is specified.

3. Imput of signal during power-off state
Do not imput signals or an /0 pull-up power supply while the device s powered off. The current injection that results from input of such a signal or 10
paull-up power supply may cause malfunction and the abnormal curment that passes in the device at this time may cause degradation of internal
edements. Follow the guideline for input signal during power-off state as described in your product documentation.

4. Handling of unused pins
Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products ane
generally in the high-impedance state. In operstion with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LS1, an associated shoot-through current fiows internally, and malfunctions occur due to the false recognition of the pin state as an input signal
become possible.

5. Clock signals
After applying a reset. only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait untd the target clock signal is stabilized. When the dock signal is generated with an external resonator or from an exdemnal oscillator
during & reset. ensure that the reset line is only released after full stabiiization of the clock signal. Additionally, when switching to a clock signal
produced with an extemnal resonator or by an extemal oscillator while program execution is in progress, wait untd the targst clock signal is stabla.

G,  Voltage applicstion waveform at input pin
Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the Brea betwesan V.
{Max. ) and Wiy (Min_) due to noise, for example, the device may matfunction. Take care to prevent chattering notse from entering the device when the
input level is fixed, and also in the transition pericd when the input level passes through the area between Wy (Max. ) and Vi (Min_).

7. Prohibition of access to reserved addresses
Access to resarved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LS is not guaranteed.
8. Differences between products

Before changing from one product to another, for example to & product with a different part number, confirm that tha change will not lead to problems.
The characteristics of & microprocassing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memeory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operafing margins, immunity to noise, and amount of radisted nodse. When changing to a product with a different part number. mplament a system-
evaluation test for the given product.



Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
&nd application examples. ou are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or sysiem. Renesas Electronics disclaims any and all liability for amy losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.

2. Renssas Electronics hereby expressly disclaims any warranties against and lisbility for infingement or any other claims invohing patents, copyrights,
or other intellectual proparty rights of thind parties, by or arising from the use of Renasas Electronics products or technical information described in this
document, including but not limited to, the product data, drewings, charts, programs, algorithms, and application examples.

3. Nolicense, express, implied or otherwise. is granted hereby under any patents, copynights or other intellectusl property rights of Renesas Electronics
or others.

4. You ehall be responsible for determining what licenses are required from any third parties, and obaining such licenses for the lawful import, export,
manufacture, sakes, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.

5. You shall not alter, modify, copy, or reverse engineer any Renesas Blectronics product, whether in whaole or in pant. Renesas Electronics disclaims any
and all lability for any losses or demages incurred by you or third parties ansing from such alteration, modification, copying or reverss engineering.

6. Remesas Electronics products are classified according to the following two quality grades: "Standard” and "High Quality”. The intended applications for
each Renesas Electronics product depends on the product's quality grade, as indicated below.

"Standard®: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment industrial robots; ste.
“High Quality™: Transporation equipment (automobiles, trains, ships, etc.); traffic control (raffic bghts); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Uniess expressly designated as a high reliability product or 8 product for harsh envirenments in a Renesas Elecironics deta sheet or other Renesas
Electronics document, Renesas Blecironics products are not intended or authorized for use in products or systems that mey pose a direct threat to
human life or bodily injury {artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; underses repeaters; nuckear power control systems; aircraft control systems; key plant systems; military equipment; etc ). Renesas Electronics
dieclaims any and all lisbility for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics dats sheet, user's manual or other Renesss Electronics document.

7. Nosemiconductor product is abeclutely secure. Motwithstanding any securnty measures or features that may be implemented in Renesas Elecironics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any wulnerability or security breach, including but
not limited to any unauthorized access ko or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
REMESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION {*Vulnerability lssues”). RENESAS ELECTRONICS DISCLAIMSE ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE. TO THE EXTENT
FERMITTED BY APFLICABLE LAW, RENESAS ELECTROMICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED. WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.

8. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, opersting power supply voltage range, heat dissipation characteristics, installation. edc. Renesas
Electronics disclaims any and all Eability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.

6. Although Renesas Blectronics endeavors to improwe the quality and reliability of Renesas Electronice products, semiconductor products have specific
characternstics, such a5 the occurrence of fallure at a certsin rate and malfunctions under certain use conditions. Unless designated =s a high reliability
product or a product for harsh environments in 2 Renesas Electronics data sheset or othar Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or demage caused by fire, and'or danger o the public in the event of a fallure or malfunction of Renesas Electronics products, such as
eafety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention. appropriste reatment for
aging degradation or any cther appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.

10. Please contact & Renesas Electronics sales office for details as o environmental matters such as the environmentsl compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controfied substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with il these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occuming as a result of your noncompliance
with applicable laws and regulations.

11. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systams whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or reguiations. You shall comply with any applicable export control [sws and regulstions.
promulgated and administered by the govemments of any countries assering jurisdiction ower the parfies or transactions.

12. Itis the responsibility of the buyer or distributor of Renesas Electronice products, or any other party who distributes, disposes of. or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.

13. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renasas Electronics.

14. Please contact a Renesas Electronics sales office if you hawe any questions. regarding the information contained in this document or Renesas
Electronics products.

[Motel) “Renesas Electronics™ as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlied



