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TSP REHMKERRE (on/off, 4. 2V) ADD W, fr fraMzmEEh S, W=+ fr) 1 1 0001 110f #ff [C, DC, Z
CRFARYT LA DTy THREMIW) R (8 £ GLR fr frAf0co Y7 ENn%, (fr = 0) 1 1 0000 O11F FFFf |2
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Y CHPERTEE. 50z MIEBHIIZ20 n sDEEH A VL ERRLELT:, ]
SX SV —XiF\—1— FP—%TF I F o DETFNIZBSEMRENTEY. CO7—FF2FyTlL. Ty TEST fr FricH L CrrE#n&d 2, (fr = fr) frAOOK |1 1 0010 001f ffff {Z
SLD—FEF—SMEERD 2 T U HREKITHHL T, RixorTz SAEMTIER LRXBO/ S FIBEREL 2, FACERED,
TUWET, PEBHHEN
SX28/20/18AC ') — K. 2K x 12bit DPIEBFlash TOFSLAEY & 136 /314 RO RM AR TLIET, RAM CALL addr8  [PC<10:0> + 1 -> Stack 2 3 1001 kkkk kkkk [~
RERELAMEIZT KLy S TARETY, 2TOT 72035 - LURSE F—FAE) 0 LUR el
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L. BeORS e WL BE2ARS Y FRBEOHRD 152 KER RET WOEERL THBZRT . 2 3 0000 0000 1100 |-
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RI— Ao Uty b PR) EF/AZ - Yty k- B4 7—I2. FH88)+y FEBESEL LELA, RETH RETI £ %. 'g?~ﬁt?4b4mﬁ§ﬁb2 3 0000 0000 1111 [C, OC, Z
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HRBEEMADZRJ—TE— K. D4 vF ,;,,gg,(-:iis_ F@i;‘iﬁ%ﬁi@? biyiaffgjz;ja R_Em_mizeralAWteral(x@ *BLTED. 1 3 1000 kkik kkkk [~
DR FERSTEMNTEET, ) VAT LHBES L
BANK n FSR7FSREE v MnZBEHT, (n = 0-1) 1 0000 0001 Tnnn |-
IREAD WODE WY 7 F L A TMODE W] I8 % Bedsit! 4 0000 0100 0001 |-
1. 4 FOySz: = e MODE n MODEISnZBEH T, 1 0000 0101 nann {-
IuISELTEFIRY PAGE n PAZ.PAOE y FIn 2 BEHT, (n = 0-3) 1 0000 0001 Onnn |-
SLEEP YxuF Lo T RAIDT TSN, RESIE 1 0000 0000 0011 [10, PD
SX S U—XIF, Flash X T ERMT 5 &ITk YRS L—F—FETEIZ L. 0— FEISICIRERE T3, ToM1IZey bEhD, POAOICY Y TE
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AFE: 1= AN, 0= HAh /0= AtHN P = R - = KEM TIL = TIL AN, ON0S = OMOS AA), ST =2

2Ty hRYH—AN MW = ILFARDz—2F v TARN

3. 2 LTS48

Fetch Decode Execute Write
Clock Clock ‘ Clock Clock
Cyde Cyde | Cyde Cyde

1 2 i 3 4

Figure 3.1: 130 IS4 909 ) OHEH

SX Y -=ZDr S TT4 AZENTIS Figure 31 125HD& 512, SEERTTIETIZ 4 DOBEHHYE
7.
BHDY O 794 I LZEVTRIOBSNATY NS Tz vFEhET, 2 BEOYOVIHAH LT,
BHO®HETI—FEh, 2BBORPHN T 1 vFEhET, 3BBROIDvIH 1 ILTIE. RUDGHH
Efreh, 2 BROSRETI—FEh, -3 FBOKSN Dz vF&hET, 4BBOIOYHIHA LT
13, BOOGROBRNDEXI-REHESIET, TLT. 2 BEOGHIET &N, IBEORSETFI—-F
Sh, Ff 4 BEOGRA T v FEhES, 5 BEOI QY IHM LTI L EBOBYTT, /4TS5
A VBTG BIZE, BRI DI BIIRITENET,
FATSLNI A NBOREBEEET 565F BRI, jums, calls, HA) ZHLTIL /A TS5(>
BT YT ENHOTHTBEANET HENHYES, /A TSI MO YT ENIB, T2 9FEFa—F
DAT v I~ nop BRNEEAEN. TOER. DEL CEIBHERBEINES,

3. 2. 1 Read-Modify-Write (ZDLVT

1/0 R— MR U TRENIZ SETB 113 ARB £RITLTLSHAIL. SHITEHORIANT—4IL. &%
ETPIENTRHREILY FEAL, HNIBRIL. SERARTE ENERVET.

ZOt®, —EIIEETHEL TLDE, 1/0 R~ NEITET HBIEM7 Read-HodifyArite OBMEIZH
WTIS5—hRE DR HY £T.

SX TlE. SO&IBT—FLT—%B CH-HREIC Write-Back t7 a3V ER->TWETH. ERo0y
2 ERBULNTRE—0 1/0 -~ k£ UAZH L TR Read-Hodi fyWrite OBEEITIBAITIL. "nop HE 5
AT BLSIZLTFEL,

1/0 R— FOBEAH L LIE, FBIZEUTILALTEY, HAT—2E59FLTLSbHTREY T
An DFEY, BLEVOBAFSA/ AT ERT, HIG 12K TERTOELTE, MBS R T LEAIA
LW [ZRIFLTUTUOIIE, R~ FORME LB LN e Y FET,

3. 8 F1IMRAVT4TL—LavLPRY

SXICIE 3 BOLIRANHBY, 4—HE— FORR, HERAF v B LALOFES) OBE. RBRCRE
BRFOBELTVET,

FUSE RUAFUSEX L DR %1, BEDBEHIC T OIS LM SRET 5 LIFTEE A,
ZhBDOLTARETOY S LEEAHBIZOMREARTT,

DEVIGE LURBIZ, )— KA o y—Dn— DA ¥~ FTEBETEE A,

3. 3. 1 FUSE Word (Read/Program at 1FFFh in main memory map)

1 |10 9 [ 8 [7 Je 5 Ja 3]z 1 Jo_ ]
'URBO_ | SYNC_ [OPTIONX_| STACKX_| IRC_ {DIV2 DIV1 pIVo|cP_| WDTH FOSCI[FOSCo |

TURBO_ ~ & —RE— Fife]
0 = turbo (HHIOv%Y = 0SC/1)
1= rormal (BFBY B w9 = 0S6/4)

SYNC_ - BHBARIEE] (4 —HE— FRD:
0 = §a]
1= ik

OPTIONX_ - OPTION L TR & {i3REFal :
0=0PTION LU 5% 6y FAD 8 By HIZH3E (RTCC_OF_& RTCC_IE_R)
1=0PTION LU A Z4TE6 By MZLET MSB2EY M1 IZEY k)

STACKX_ ~ R % v 7 Hi3REFH]:
0=8L~JL
t=2L0L

IRC_ — 948 RC FEiROCIRRET 5] :
0 = B¥7] ~ OSCt IXTNH D, OS2 IETTAT v TLET,
1= #uk - 0SC1 & 0SG2 1%, FOSC1: FOSCO IZ#>TBEL XY,

DIV2: DIVO - NEBRC RIRFESA:

000b = 4 MHz
001b = 2 MHz
0106 = 1 MHz
011b = 500 KHz
100b = 250 KHz
101b = 125 KHz

110b = 62.5 KHz
111b = 31.25 KHz

CP_ - A—FJ7OF% kel
= BFAl (FUSE. 32— F& ID A E 1)L 3nibbles-XOR d $EAHHT)

1= b
YOTE ~ U v F Ky 2 A <l
0= Kt
1= g

FOSC1: FOSCO - #AEBSEIRBECE (IRC = 1 DBy, F|HD :
00b = LP - {ERAKRERF
01b = HS - MREKRIERIF
106 = XT - —ROKMEMTF
11b = RC - RC ReERS. 0SC2 Ik TULT7 v FLET, (CKOUTHALL)

3. 3. 2 FUSEX Word (Read/Program via programming command)

[u_ TJwo TJo [e T e s T4 B [2 [1 To
{ Precet [Precet [ Preset [ Preset| B_OSC |CF__|BOR1 |BOR0 | RAM1 |RAMO |MEMI |[MEMO |

Presets - TSR, Thodby i, TELRLTT LY,

BOSC - 8 V0% 0502 % LowIZF S LITKHBEBOBUEHAILES,
CF_- 774707 - AD L SBHRZHLTHF I —TSTANEANSD,
BOR?: BORO - TIBZGSE(l

RAMT: RAMO - F v JEICHIREh 20D RAM /I8

006 =1
01b = 2

106 = 4

11b = 8 banks

MEMT: MEMO - F v T LITHIRENh B AT Y4 X:
00b = 512

otb = 1024

10b = 2048

11b = 4096 words
3. 3. 3 DEVICE Word (Hardwired read-only)

[1w0]e 8 |7 [6 [5 ]afs [z [t Jo

[ res. [ res. | res. [res. jres. Jres. |res. [res. |RaM1]| RAMO ] MEM1 | MEMo |

res. - LIBERSEIE,

RAMT: RAMO - F v 7 LOD#3e RAM /X 88

00b =1
0lb = 2
106 = 4
11b = 8 banks

MEMT: MEMO - F v DB A EYH A X

00b = 512
01b = 1024
10b = 2048

11b = 4096 words



3. 4 ARV NI PO aALURE

ARVNNT 7T AV LDRRIE, CPURIBE T/ A RIBETRDND LV RAE TY,
Table 3.2 ARSI YN T 79230 LIRS

Addr Name Function

00h INDIRECT RMET FL v L 71zfEbh 3

0th RTCC UPZNBA LD YD hoE
02h PC TOYSLHIUA (low byte)
03h STATUS  AUDRF—HREw FERIF

04h FSR T7ANELY FLTRSE
05h RA RAR— ML SR 5
06h RB RB R— FHIBIL DX 3
07h RC(H)  RCR— ML IZ%Z

NOTE (%) :SX18 /Sy r — S TILEROD RM & L TREFRTAE
3. 4. 1 INDIRECT- RfiEL R4 (00h)
ZOLTARE, PIENIZA L TIAL FERTVERAN, MHEZ FLY S LT R TP ERTHIE
MTEFET, AR5 FELT INDIRECT %2{E S&RIL. FSR OEICE>TRENEL A2 E0%E LTRE
EhET.

3. 4. 1. 1 BERRURMET FLyL o5 0B

Direct addressing:

mov RA, #0t :move “17 to RA
Indirect addressing
mov FSR, #RA :FSR = address of RA

mov INDIRECT, #01 :move “1” to RA
NOTE: BT KL v U T INDIRECT ORMDERL. FR TIRURLI-L A2 FHRITRT SN ER
TREAEY,

3. 4. 2 RTCC(01h) UTFNBA LI DYDY/ A OB EW LIRS

RICCIEB EY FDYPAEALBAT/NIETE, RICC LIRRIE, HoRI@MaYA oL (TYRr—
SHL) BIZALOUA REhET, .

H9BE— KT, RICCIL RICC EVDANYA I (FVRT~5HY) BIZAVO YA bEhET,
TYRr =313, RICC E=dD+ v F Fu 243 %16 Ev FETERBRICT 01280 hET. 0PTIN
LYZ4 bit TORME Y FORRBIZE 2T, LIPRZ 0h OFAHLIL, RICCEHL T E RWIXT) Ff-
INEHCTE RWILO) EBYET.

7585, RTCC OIBILR E v MREITANDSTEYET. RICC &ETVRT—SOHMDOEFELTILS 225
BLTTF&LY,

3. 4. 3 PC- IOUSLADLELIRE(O2N

TOTSLNOURLIARIE, TATSLH IV 2—DOTFES EY FEERTILUAETY,
T o IHREORTETSDICT VR A LTCT I LRARETT . BHHNRITEN-BIRIZ PCIZIZITESE
HO—FEh, STAIUS LUREOLEE Y ME, RIS LN UE—OLEY A MzOo—FEhET, Th
[F3— FARYDAR—URREBI CHESN Oy IS T L—F o a— L ~OHHIZHETT,

3. 4. 3. 1 JO¥SLhHUE
TOTS LN —lE EEShEHHO 11 EY F7 FLR (3—FKXEY) TY., TRT. FaJ54Lh
DR ESTATUS LR A OBEIZOLTRALE T,

3. 4. 3. 2 UM

W BRNEITENDH, TRTSLADIDOTFH 9 By ML EESISLO7 FLANO— K&
hEY, o, TOTFLAIUAOLE2 By ML STATUS LURIMER—T4 LS REw kb (PA1:PAO)
Mo—FEhE?,

ST, Sr UITHBROERAMICA—SHLY FEY FAFELLAR—UEELRLTVSAESIAEBELTT
&b,

[sTATUS<6:5> |  jmp LABEL |

[ Pc<i09> | PC<80> |

3. 4. 3. 3 R—=UTrIDORER

W ERORTIBVT, TOFERNBLDIR—VITH I, D v o THIORIIEE LEA—CF LR
FEBDITR—TE LI FEY bRy FLETRIERY EH A,

COEMEIL, SETB & CLRB @R dH DI STAUS LR ANEER L CRRICKRTSNET,

SX L —XTlE, PAGE EFFIEND S LT MY A I L TRITE AH LS ER>TLETS,

PAGE Z v L TOEWNEOBILLITOEY TF,

STATUS<6:5> | jmp LABEL |
v
PC<10:9> | PC<80> |

Note: nld. 055 3 ORDBFCLFIUILLY FH A,

3. 4. 3. 4 a—LITDNT
CALL BRITEYRDEL S URBAETENET,

- IAUSLAIEOBIEEL. A0 ) AV FENTRE v O—BEIZT v aEshET,
= INNDT FLADTES By M, FOUSLADEOTEE Ey Miab—&hFT,
~PCOIFBAMDE Y HE Y UTEhET,

- STATUS LURADMAR—I LY FE Y & PCOLRE2 Ev MTaE—EhET,

LRTHRESATVD I EE, BFUHLEDOETET FLRAETOY 5 La— FEMO. R—S0FiEs =B
BIFNIERE SN EEB/KLET, XL 00n-0ffh, 200h-2ffh, 400h-4FFh ¥4,

[STATUS<65> ] 0 | callLABEL |

PC<109> | PC<8>| PC<70> |

3. 4. 3. 5 X"—=Ta—JUIDT

RIGBR—JIZHFET DY TI—F UL SBBNH DB, FUL LERTTZMIC. BEEhI—J %
LETEHITR—Tt LY bEY FEE Y FLATRIER Y ERA.

CORIEIL, SETB AP CLRB P DEITO, STATUS LRI ~DEEEC T & TRRICEFTEhET,

SX T, R—DOFUHRLES TN I DU IHA JLTETTIHLLGSEF>TUET., R— 0oy
HLOBLWADRIUTOREY TF,

[sTATUS<65> | 0 [ callLABEL |
[ pc<io9> TPc<8>]  Po<70> |

Note: niE. 045 3 DMOBF TLThIELY EFH A,
3. 4. 3. 6 YIL—Fohom)E—

YIN—F L. BRUZ—224 TORETRTLET, L{OAPDYI—HEOBADEIZ, 252 vs
DI DVNTRALET.

3. 4. 4 RE9Y

AR 9DE, HITN—FUHNRT LTHASRLBHRERITEOIELR L AT YZEMTT, X2 v
128 LNLOREHHY. 8 LALETHR FEMIYTL—FLORY 7 FLRAEEZ TH TEMTESE
Fo FAPEMIYTA—F L ElE HOYTN—F o ORBISFUREENIY TL—~F N ETTF, R~
By VI, push & pop D 2 DOBEENHYET, BRDE. XFvViE 4542 2120TL— ALy
—ERCESITHELET, push 2. RE vV LIZTL—EBLOERALTHY. pop IZRFvIMLTL
—FERYHTOLEIC &L 5 5ETT,

3. 4. 4.1 Fyia
YIN—FUNEHIN LB, RY7 FLARAE v 912y adhEd,
OB, RF 9 IDERDT FLAR, A F7ENDHLLT FLAROEMERRT 10RO TFRLAR
MIBBLET. RF 99 112, TOTSLNDURIIHE 7 FLAKAYET, X2 v78IL R4 v
9 712H27 FLATLREEIN X2 v ) BIZH-RBILAEEShET.

3. 4. 4. 2 Ky
Y- EmENRASNIE,. RFvITRy TEhET,
2897107 FLAK, 7a¥5Lhmo21za—&h, A2 92 0&RO7 FLAR, ROLELAL

IZB#LET. RE v 1TIE RF v 7 2(12H - ENRAY. RE 99 TIZERE v 7 8 DRBEA LEEE
h, TORKRELT, R8I0 7ERVEY BORBIIELCITAEYET,

Stack 1 v Stack 1 A
V[ Stackz | A Stack 2

Stack 3 V Stack 3 A
\l, Stack 4 /1\ Stack 4

Stack 5 Stack 5

Stack 6 v Stack 6 A
¥ Stack 7 N Stack 7

Stack 8 V Stack 8 A

3. 4. 4. 3 Yar—

SXIZIXS DDREZ Y F—LEHBHHY ET.

RET Return) @ H1E. U LID CALL &R BRIZTOTSLNDI L %ty b AFthicBEiiz2 4
v ERYTLTVET,

RETW &5 (W LU ~DIEEE>TES) 4. RET ERILESBHELET A, I5E&h-EE W L IR 4120
—FLES,

RETP & H51E. A2 v &Ry TLT. TOR—IIZRBFOITHURLER—SE LI FE Yy b EEHLES,
RETI 8513, A8 v O %Ry TLT. MATEIYRBND K TR0 FOL U ARSI TILM- K,
STATUS & FSR ZRIZRT 1201z fEbh T,

RETIWIZ RETI ERLC &L SICBELET AL M TRICCHNW LSR5 D 2 DBMIEEMA B2 &12& >T. RICC
EWET DWEETOES,



3. 4. 5 STATUS L'UR#% (03h)

COLTARRIE, AV TORBEROCA—SHLY FEY bEYEY FRT—EARERFLES, STAIS LD
ABE WOTHT 2 ELATRETTA, Yty FEY FOPD & T0 XY —FF ) —TF,

STATUS LU B ISEEHIRE, AU AT—FREy MNIEEH LABORTHATESROYET, *08
B ERLI-OLRUDBRTSTAIS LURSIZRYET., FOEISIBLTTFSL,

P-T. COLTRZITHLTIZSET & OLRB RBDHERITT DL IITLTFELY

[7 J6 [s Ta[3 J2]1]o0 ]
| PA2 [Pa1] PAo [T0] PD[Z |pCC” |

Bit 7-5: (M A—T LY FE Y b PA2:PAD
000 = Page 0 (000h - O1FFh)
001 = Page 1 (200h - O3FFh)
010 = Page 2 (400h - OSFFh)
011 = Page 3 (600h — 07FFh)
100 = Page 4 (800h - 09FFh)
101 = Page 5 (AOOh - OBFFh)
110 = Page 6 (COOh ~ ODFFh)
111 = Page 7 (EOOh - OFFFh)

NOTE (¥) : 23— FZERIAS 4K RBDT/ A A TIlE, PA2:PAO (ZRMBHD read/write £ b & LTHEAEhET,

Bit 4: FALFIREVF, T0.

1= /87—F oy TElIL CLRWOT Fi=ld SLEEP SHRITH. “17Ictw bEhET,
0=+ 9F F9TE4IDSA LT b RE

Bit 3: /D=4 E Y K, PD.

1= =7 v TEIL QROT HBRITE, "1"Ictu b ShET,

0 = SLEEP ®RIS& >TO" 2ty FEhET,

Bit 2: ¥OEwWH, Z

1 = HHERE ORI 0"

0 = RN OBRAEOTLEL

Bit 1: FUu k¥r—Evk, 00

gk

1= T4 Ey FALOFv ) —RE,

0=TH4EY FHSDFY)—HL,

b e

1= T4 €y bAadFRo—%L,

0= T4 £y bADKD—HY,

Bit 0: F¥Y—Ewk, C

1 = SRONSB Hh ¥ v )—hE, rotate R and R MR TIX. FhEROYHILNINAF—F—E >
FTO—F&hEY,

0= MSBASHrY—iZL

3. 4. 6 FSR- D74 LELY FLSRS (04h)

SX YY—XTIK 12 Ev bOFRI— FEERALET, ARSUFELTLIRSEERTIHSIL 5 By

FOULIRET FLRAETTY, DFY, 00h S IFh ETHL IR S ELTTZ Y AT B EATRTT .
FSRIZ, WFh ZBA =L IR BIZTH AT H=HIZERLET,

Figure 3.2 TIE, FSROLEI3 Ev M8 DO RM /S IDS5HM 1 DEBIRT 3K ZEHBLTLVES,

RM LURETF FLAG 00h - OFh DS, FSR ORBIBIbLTRICT 2 EAT HT e TESZTO—/L
SRITY, RC(OTh) (L. 18 EZ O SXIZBULTRMRM & LTRIATEET,

BT 307 4QUOAS 100 ISHEHTHEOMTT,

mov W, #80h ;Select Bank 4 by

mov FSR,W ;setting FSR<7:5:>

mov W, #64h ;load register 10h with
mov 10h;W ;the literal 100d

[7]6]5]4]3]2]1]0] Fsr

A -

———r 8 Register Banks
I_" 000 001 010 011 100 101 110 111
00h
07h
08h

GPRs
OFh
10h
Gengral Purppse Regjsters
GPRs ar
1Fh

Figure 3.2: FSR & RAMA~DBERSHLIET—2 A EY 70T

3. 4. 6. 1 EHEFFLYILY

BFRENIL IR IAHRICEEHTI-OICIE. FSR ~AELMEEBII-BMIThIEL Y A, ROTF—
INETOTFLIFIN Y ENI- LSRR ICEET 7 AT BHEERLET,

If you want bank... Value to move to FSR is...
0 000h mov W, #070h :Select RAM Bank 3
1 030h mov FSR, W
2 050h clr 010h ;Clear register 10h on Bank3
3 070h mov W, #0DOh ;Select RAM Bank 6
4 090h mov FSR, W )
5 0BOh clr 010h  ;Clear register 10h on Bank6
6 0DOh
7 OFOh

3. 4. 6. 2 ME7FLYI LY

MHET FLo o T EBLTHBL IR BITT I EAT B0 FR IS7IEALEVLIRED 8 Ey
F7 FLREBELT. ARSUFLLT INF #ERLET,
COWTIE. BIET KLy S TEEL. Ho0E/ 7 LOHLBERM LIRS £ YT LET,

Temp = 008h

INIT

mov W, Temp

mov FSR,W :FSR = TEMP addr

LooP

clr INDF :Clear location

incsz FSR ;Next location

Jjmp LOOP ;Repeat until all clear
DONE

jmp DONE :Then wait forever

3. 4. 6. 3 /\UOBD

SX TlE, /S VOV LES VTN Q9294 ILNTRAT IRBEF>STULET, /I8 1 &
FHAINLT, FROIT LT FE Y MR L THERD/ 0 ERET S enfcEEd.
FRIL I RRERESHEOMTT.

bank 3  ;Make FSR point to bank 3

clr 10h ;Clear register 10h (bank 3)
bank 6 ;Make FSR point to bank 6

mov W, #1 ;Set register 10h (bank 6) to |
mov 10h, W

3. 5 R—brarra—LLTRE

3. 5. 1 f#—hALDRS

H—FAD | SOEVERET H10IZ 3 DOLIASHHYET. RA LURSIE. ANE-(EHNAE—F
ADT—RHERERELET. LA LOZR (& TIL Ezid oS BELAUZANE S EREBLET, PLPA
LORSIE R—FAELDINLT v TEREHRE HELET, Thi 3 DOLIRZITT I €T B8
1Z1E, MODE LU R B ISR E NI B BEATLTILLY T A,

H— FAIZP 2 2R T B-HIZIRET D MDE L SR 3 Dl Table 3.3 EBMLTTELN ThBOLIRS
DEY ME 1$9—7 v THIZ 1SRy FEhET,

3. 5. 1. 1 RA- T—AHKALIRS

Ivlalsllda [2 T1 Jo ]

[RA3 [RA2[RA1|RAO |

COLSRIMEY FE IS Y FTHIETHRT S | S OR—FEVEANE—F (N A UE=F
A) Iy FLET.
COLUREME Y hEO Iy FFAIETHRT D | SOR— FEVEHAE—FIZEY FLET,

3. 5. 1. 2 LVL_A-TTUCMOS BIRLUR %

[7]e]s]4a]s J2 [1 Jo |
LT

|rA3 [RA2[ RA1[RAO |

COLTREDEY FE 12y bTARIETHBT B | /OR—FEVDAALANETTLIZEY FLE

7.
ZOULURADE Y FED 1Tty MBI ETHBT B | SOR— FEVDANLAILECMOSIZEY RL

7.

3. 5. 1.

2 T1 Jo |

} |rA3 [RAZ[ RA1[RAO |

3 PLP_A- L7 v FERHEIL IR S

[7]6]5]4]3

[
ZOLTURAOE Y FEV ISy FFAIETHIET S | /OR— FELOTILT v TEAEHALET.
COLTREMEY FE ISy FFHIETRET S | /OR—FELDTLT v HERERELET,




3. 5. 2 R—+BLTRE

F—+BD | /OEVERET H-HIZ6 DDLIRINHYET,

B LUAFIE, AAMEOMNR—FBOTF—A@ESREET.

LEVL B LU R B UE, TIL FfzI3 oM0S BELJUZANE U EHELET .

PLP_B LURARIE, R—FAELOTNT v TR 2L LET, STB8 LURAL, R—kBAAE Y
DAy b RYH—ANEHA EELET,

NLOLTARITT I ERT B1-H12. MOE LU Z IIHEDE A S BAVEITIIEL Y FR A,

R— rBIZ7 I RAT BI-DITHEET HM0E LA R DIEL Table 3.3 #BBLTTFEL. CThoDLURE
DE Y HE RO—F YTV ZEy FERET,

3. 5. 2. 1 RB- T—4AMLIRE

[ J6 6 Jo I3 T T1 o
[RB7 | RB6 |RB5 |RB4 [RB3 [RB2 [RB1 |RBO |

COLISREDEY FENVIZEY PRI ETRHRT S S OR—FEVEARE—F (A 2E—F Y
) iz v bLET.
COLSAZDE Y FEO ISty FFBIETHGT B | /OR—FEVEHAE-FIZEY FLET,

3. 5. 2. 2 LVL_B-TTUCMOS #RL A%

7 |6 |5 J4 [3 J2 1 o |

RB7_RB6| RB5| RB4| RB3| RBJ RBI| RBO |

ZOLSAEDE Y bE Iy b T BT ETHBT B 1 /OR—bEVDARLALET T LIZEY FLE
.

COULIABOEY FEQIZEY FTAIETHRT B 1 /OR—FELVDAALXLECMOSIZEY L
EX N

3. 5. 2. 3 PLP_B- A7y JiBEFAIL IR R

[ J6 s ¢ 5 T T1 Jo |

| RB7|RB6 |RB5 |RB4 |RB3 |RB2 |RB1 [RBO |

ZOLUABOEY bE 02y FTHIETHET B | ~OR—bELOTLT v TEIAEHALET .
COLZREQEY FEVIZEY FFAIETHIGT D | JOR~FEVOTLT v TBIAERELET,

3. 5. 2. 4 STB- Y23y hryA—HFLIRS

[7 Je Js Ja 3 T2 T1 To |
[ RB7 | RB6 [RB5 |RB4 |[RB3 |RB2 | RB1 |RBO_|

ZOLUREDEY FEO Y FFRIETHET B | /OR—-FEVDL 2Ty kb bYH—ADEHAL
7,

ZOLIAEDEY FENVIZEY FTRIETRIET D 1| /OR—FELDIaAZT Y R bY HB—=ANEREL

E3

3. 5. 2. 5§ WKEN B- x4 97y THAILURA

[ Te s & J8 P J1 Jo |
[ RB7|RB6 [RB5 |[RB4 |RB3 [RB2 | RB1 |RBO |

COLSABOEY FETIZEY bR ETRABT 5 1/ OR— FEVDILFANIZA VT v T ERY
ABEFRELET.
COULIABOEY EOITEY FTASETHBT D | S OR—FEVOILFAND 49T v T ERY
AHEHOILET,

3. 5. 2. 6 WKED B- 9z 97 v Ty BRLIURA

[z T6 [ Ta [3 T Th To |
{RB7 | RB6 |RB5 |RB4 |RB3 [RB2 | RBI |RBO_|

COLIPASOE Y FENIZEY FFEIETHET S| /OR— FELDT v SR ETE FAYISRRL
Y.
ZOLIAIOEY FECIZEY FFRIETHET D | JOR—FELOT Y SHRIBEITE EACYISRIRL
E$8

3. 5. 2. 7 CMP_B- 2w/ L—4HaALURY

[ [6 [sT4fsf2]a o ]

{cMP_EN_ [cMP_OE_ ] res [cMPRES |

W_EN_ - 7O T4 70% - 2L/ L—4a%a

WP_0E_ - 7V 54707 - aviL—4aHh#e

res = %#J -

CMP_RES - comparator result (CMP_EN_ = 0, OMP_OE_ = X)

3. 5. 3 F—rCLTR%E

H—hCO | SO LERRT HEHIZEDND 4 DOLURANBHYET, RISC LIURZIL. ANMtR
POF—RAMEZELET, LM CLIURAIE. ANELETIL HHLME NS BELNLIZHRELET.
PPC LUZRAIE. R— bCELDTNT v AEHEFEL B LET, STC LIRFL F—FCAREY
DYy FYH—ANEHEL ZUELETS, SRODUIRARIZT I AT HIHIZIE MODE LIRRI
EEEN-EEBNBERAELTNIUY EL A,

HR— FCIZ7 2 £ RT B1=DITHRET B M0E LRSI DIEIL Table 3.3 2BBLTTFEL, ThoDLIURS
DOE Y kM =Ty THIZ1 Iy bEhET,

3. 5. 3. 1 RC- F—2AMLIRE
[7 Je Is T4 [s To T1 o |
[RC7 [RC6 [RC5| RCa[ RC3| RC2 [RCI | RCO

ZOLURADE Y FE VT Y FTBIETHET S | SOR—FEVEANE—F A 2E—FY

R) IZty FLETS,
COLUABDE y FEVITEY b A ETHBYT S | SOR—FEVEHNE—FIZEY FLET,

3. 5. 3. 2 LVL_C-TTUCMOS BRLTZ%

[ T6 s T4 Is [2 [1 Jo |

[rC7 [RCs |RC5| RC4| RC3 [ RC2 | RC1 [RCO

COLTREADE Y FEVIZEY b AIETHET S | SOR— bEVOANLNLETTLIZEY FLE
7.

COLUARADE Y FEOITEY MBI ETRIET S 1 S OR— EVOADLALECMOSIZEY FL
ES N

3. 5. 3. 3 PLP_C- L7 v FERHFAL VRS

[ fe Is T4 I3 [2 11 To ]

[Rc7 | Ros [RCs| RCa| RC3[ RC2 [RC1 [RCO |

ZOLIZADE Y FEVIZEY FFAIETRIET S | SOR—FELOINT v TBAEHTLET,
ZOLIRADE Y FE VI Y MBI ETHRT S | SOR—FELDTAT v TERERLLETS,

3. 5. 3. 4 ST.C- YasyhhYyH—HALURS

(7 Te Is T[4 s e v To |

['RC7 | RC6 |RC5| RCa| RC3| RC2 | RCL [RCO_|

ZOLIRADE Y FEOIZEY T BIETHRT H 1 SOR—FELDLAE Y b Y H—AREFIL
Ex
ZOLIORADE Y FE VI Y FFAIETRET S | /OR—FEDIa Iy b rYA~ADERLL
E3

3. 5. 4 MODE LR ER—+ay FO—ALUREDEE

[7]e]s]4a]s 2 [1 Jo |

6]
[o]o]olo[M3]|M2 M1 [Mo ]

M3:MO TRIS E—FEw F - MODEH. MOV M N HALMI MOV W, N R EE->THARSETLET,

R— FDFGEIZ, M0E LR S ISEY)GEEREHT L. BYLHEN LR R0 FT 528, Ff23,
BT BR— MIBLTTRISHRERTT B LTS SEMURET. UTIL LONDHTT,

mov W, #0Fh

mov 'MW ;Set up MODE for Data
:Direction configuration

mov 'RA, #03h RA3:RA2 = Outputs,
;RAL:RAD = Inputs

mov W, #0Eh

mov 'MW ;Set up MODE for Pull-tp
configuration

mov 'RA, #0th ;RA3:RA1 = Unaffected,
:RAO = Pull-up enabled

mov W, #0Dh

mov 'MW :Set up MODE for

;TTL/CMOS configuration
mov 'RA, #02h ;RA3, RA2, RAO = Unaffected,
iRA1 = CMOS

Table 3.3: MODE LU RABYNT

£—F R—FA +— k8 K—-+C
OFh WA STRIS AICIE—, WASTRISBIZOE—, [WALIRIS CIZIE—,
0Eh WASPLP AlIaE—, IWMSPLP BIZOFE—, [WAVGPLP CIZaE—,
0bh WANSLVL AlaE—,  WASLVL BIZaE—, (WA GLVL Clcat—,
0Ch WA 5ST BIZaE—, WANSST ClzaE—,
0Bh WA SWKEN BIZ 2 E—,
0Ah W SWKED_BIZ 1 E—,
09h W& WKEN B 3CH,
08h W& COMP_BH X1,
00h -~ 07h +




3. 6. 5 A7 3>

[7_Ts [s Ja T3 T2 i JTo |
RTW |RTE_IE | RTS |RTE_ES| PSA| PS2 [PS1] PSO |

OPTIONX = O DB§, B b7 &6k RiFT&hFET,
OPTIONX = 1 DB, Ev kT E6IX "V"ELTHEALENET,
RTW - 0 8%, Oth LR S DFHLIL. WERRELTHONET,
1 D8}, Oth LR B DA LIL, RTCC #4580 & LTBONET,
RTE_IE - 0 DBF. RTCC O— LA —/\—i3HRT&hET,
1 OB, RICC A—LA—/\—(3s2it S hES,
RTS - 0 DB, RICCIE. WERBYAINTI OO YA b LET,
1 OB, RICCIE, RTICC EDELTA Y )AL R LET,
RTE_ES - 0 DBY, RTCCIL, O 0—N\ADELTA LI YAV ELET,
1B RICCIE, N —OIDELTA oY AR LET,
PSA -0 DBY. TURT—FIE, RICCIZHIY B TSNS, PSO-PS2 'y FTRESN DS BIOBAIZL YT,
1OF. TYRT—51E WTIZHY ST Sh3, RICCOHFIOBAEIL. 11 T,

PS2, PS1, PSO | RTCC Watchdog Timer
SBROBE SBOBE

000 1:2 11

001 14 1:2

010 1:8 1:4

011 116 18

100 1:32 1:16

101 1:64 1:32

110 1:128 1:64

111 1:256 1:128

3. 8 NT—=HFHUE—F

SXIZAD—H YU E— FEHE, SLEEP SR ERITT A LIZL > THAT—FI U E— FABH LET,

VA IF EYTRAINLORYRS, RYAHHR S hi-H— FRBEUOASBERAAHDNE, MR B
DOABY 7y FADIZE2TAD—F YU E— Fh BT ENTEET,

VIATT  TEEEE. INLFAND AT T v T M) EFEIERHRB ELEBLTHELET,

MIWIZE BBYRAAMOR D101, SXIZIZ2 DDA RETI & RET) ARESATULET,
NT—=FYLE—FTIE, WO OHERFTEETT, 00T AFTENTLDHES) .

SXIZSLEEP B RARITENBRIDL VR 8 T 7 A LDRE (F—5 A E ' SRAW & 1/0 ELDREEHIS L E T,
WOT AEFE[ SN T BIBE . SLEEP R DRITEH T X7 U 7 M. STATUS LR ZDPD Ew b 7 (07
ShATLBM, TOEy MMEty (1) EhET,

I8T=FYE— FIZEVTIE & YHRBHEMA B2, WOT EREL. MW E=I30887/ 50 XY £y k
I2&2TRT—F O E— FRVIRITHET L5 BROLET,

3. 7 BYRHHYKR—

SX (&, IR/ SHEBRAEORY AHEYHR— FLET, SHETRAHIL. RBHR— b X UFbhET, Ff D4
IE— FoiRITADICLEDNET. (3. 68D

REBREAAIL, WOT HBLMIRICC EBE LML H>TRELETS,
SXIZHTEMYRAMITRTEALANTHY, BABELIHY FEA,

SX 13, WEICHYRAHBEREITUET, FMULAHBEEENL L. 2ROBYRAHIRETHOATLIHY A
HRENLRIETRIEZNET,

PCIE. R 2I2T v a&RT, FSR, STATUS, WDEL DCRAFORBRBEINET, HYAHLEBNSE
&, CPLRLICAZORFRTIRERET,

BYRHF—EIAL—F DRI AT FLRIE 0 T, £LT. MW, RTC KU STATUS LORA #ERT D
CETRYRAHY—EARLRITENET,

4. 0 AEHEE

4. 1 FadSLAEY

SXDTATSLAEY, KI—FIE 420512 71— FR—JIZHBEhTVET,

HEOMFIL, “in-line GRERTT IBICHBNICA LI YA FFETOTS LAY POIZE-T
hO—LERTWET,

SREESBIOBEIL. ETOMIZPAL & PAO v FLEBHIIELRY THA,.

COEAIE, “flatten the architecture” |2k >TTATSI VT ERBIZT B1-OIZH L < PAGE HHEMZ
=5 TY,

8 LRAZRZY (1 Ew MDIZEY, 8 LRLDFIETHIN—FUERA T BIENBRITHYEL
Tz PAGE DBRWLARUMIL, £V 32343 %BBLTTEL,

4. 2 THAEY

136RAM LR R (E, 16 LURED B/ SV IHENUIENTILVENS LURZIZE > THRENTULET,
N EFLY AT OmAIL. EENHBLIE. FR ZESTRUEMIZT FLR TR ENTEET,
ARYR T FUILAVUIRRIE, FT—RAEYITT Yy TEN, BAHLEBREH LELTEET, 3.4 12
T ARV T 7P 3V LDRARITDOVTREALTLET,

RN ENTATYDOROADBRBAESIL, €232 3.4.6 & Figure 3.2 FR EBBLTF L,

4. 3 FOUsnrryorfarszvy

SXRAIA3L +A—51F, In-systen TIOTSLTED L SIRHENTULES, SX-KEY BIRRY—ILIL.
SX A —F v biR— FIZIRY T Shiz T, 4 E2DA2F— T ZEHEST, Z—4y O XTFLOD
SXETOTSLF B LAMRET. 4y FURTLIZIR 4 ENy FLBNIBBR LD HY Tt A,
SX-KEY DBRE ONO HREBEIMZ T, 0SC1 & 0502 D 2 BT O 5 I LIz 5K LA YRY F B1=Hi=
EhhET. 0SC1 [E. FLASH TOT5 2 LT OBR Vpp=12. 5V) £HRT B1:-0IZfELIET, 0sc2 12, FO
TS LABVISHLT, F—ROEHBE, RUTF—FEELCBEADENERDT 5100 1) TIT—
21 /0TT, BRMTT L1k, ABTOTSLATYADFT I EREBCF=, FUSE T~ KLSR 411
REEY MHYABEINTLET,

5. O Fiasz%

5 1 FIL—2 K341

5. 1. 1 #E
SX XA O30 FA=5OF L L—F F54/33, M8 RC RIRB RO, EBTAREDT (P), =LOKS
BT XD, BEKREHT H) DLVThNEEAEDE T, YATFLY Qv ERET BHItEbhET,

5. 1. 2 HHEERRR

SXIE. 5 DORIEDF U L—F E— FCHBEE LI LN HEFT,

P EEAEKSIREF
XT: REOKRIRBHF
HS: BEKEMERTF
.RC: PR~ 5488 RC Rk
5. 1. 3 XT,LP $%LV& HS £—F

XT.LP B HS E— FTIE. REICRESEILOIIKEH D MEES I v 7 EHFE 0SCI/CKIN &
0SC2/CLKOUT EATHHRT D EMTEET Figure 5-1). SX O L—4F FSA/8FHA LTI, E5h
A TORGEFALTFEL, BED Y b2 A TOKRIZ. SBRALENTTEL, XT.1P HBLVLHS T—
RO, 7734 RUL0SCI/CKIN (Figure 5- MBI O o Y~ R EH DI ENTE, ZOBS 0SC2/CLKOUT
Euig, A—TUIZLET,

i 0SC1
ol SX
—_— sleep
l_:_ AL RF
. To internal
= 1 '\;\s/\/ 0sC2 logic
gl >o——

Figure 5.1: K&ER (HDHLNEES I v I ERETF) S, XT HBLNELP 0SC HIRD

Note 1: C1 & C2 DHERBIZD LT —BIRT—TILEBRBLTT &L,
Note 2 AT R MY v Thy FAREERT B8, & U—XEHRRS) HBBIZHYET,
Note 3: RF DL, KRJIOBRIZL>TEHLET, (BLE 1MQ)

Clock
from
external
System

——>— 051

SX

Open +«——— 1 0SC2

Figure 5.2: $M8BY Oy o ANEER (HS, XT $HBLVELP 0SC HFRD)

Table 5-1: £33 vV EBMFOIL T AH—RR

Osc | Resonator | Cap. Range | Cap. Range

| Type | Freq. C1 Cc2

XT 455kHz 68-100pF | 68-100pF
2.0MHz 15-33pF 15-33pF
4.0MHz 10-22pF 10-22pF

HS | 80MHe | 1022F | 1022pF
16.0MHz 10pF 10pF

Note:

ALTUYH—C1 L, 0501 EVIZigE N, 22T Y — 02 (4, TMQIBIREET 052 EIziggsh
Y,

Table 5-2: K@RED T AH—RIR

Osc | Resonator | Cap. Range Cap. Range
Type | Freq. C1 C2
LP 32kHz 15pF 15pF
XT 100kHz 15-30pF 200-300pF
200kHz 15-30pF 100-200pF
455kHz 15-30pF 15-100pF
1.0MHz 15-30pF 15-30pF
2.0MHz 15pF 15pF
4.0MHz 15pF 15pF
HS 4.0MHz 15pF 15pF
80MHz | 15pF 15pF
20.0MHz 15pF 15pF
50.0MHz | 15pF 15pF

Note 1: Vdd A%4. 5V LLETIZ, C1 = €2 = 30pF ZHRBL S,



5 1. 4 #44BRC £—~F

BASIUTNBEYEBRCHNT TUS—2 3 UITE RC T/1A ZRA TS a v EEATHI Elck>TaR b
FUAEIRET T, RC RIRABMIE. #HARE. EH Rext) & 3T — (Cext) DIELBHFERETREY
¥ CHIZHA T, RIRBEMIE. ERO/SA—2OEHI-LYBRITERLET, HABEOLIZ. Suh
—URNY— FI7L—LDOBROALD. & YDIHEL Cext {5, RIFARMHEEBLET, LoT. FAT
BHEBOR & CORNITL ZEMEERT DLENHYFET,

Figure 5-3 I&. SX it N2 RC DHIAEHEHEERLET, Rext ~OflilE 2 2k QUTFTCIt. RIREMEIL
FRELLDM. HHINVIKLIEEINE LhERA, ETELEL Rext BTIEMAIT INQ) ., RIRBIL,
JAX, BECREICETLRHBMIBYET, ®oT, Rext [L3kQAS 10kQUIBOC L EHBLET,

fE RSB LT LY —12 L (Cext = OoF) CEMAT HELTH, REME / 1 XOBHT 200F LLEDBAES
CEEMRLET, ALHDININEL LT UH—TR. RIRERNE. SHBEROELIZEY. BAIE PG
NE—UBFRHDIVNE/S w7 —DU—FIL—LBRTHNIZZEHLET. RIEBRERG TR 1) 1%,
0SC2/CLKOUT E L THARIRET TR FEMSHILIMNO S v o EORMIZERTEET.

vdd

SX Internal
S
Cext 'jl[' ?
Ve

OSC2/CLKOUT

Rext

Fosc/d o

Figure 53: RCRRE— K

5. 1. 5 BBRCE—F

MEBRC RIRIL. LABWALT I~ 32z, 7097 2 H8T 5-00NBERL LTIV ILF v Ty
Va—I 3 RRILET. MEBRC DL, BRIHE(EI2 32 0) 2SBLTT AL, HRIcE3/0y
13 ASERBHTO 8 DOERMBERE— FERBLTOET, BRI 31.25 KHz B D Mz TTTT,
7232331 DOFUSE LTRAMDIV2ZDIVO ZBELTTF &L,

5. 1. 6 | 08

5. 1. 6. 1 Ah

OSC1/CLKIN - K&k, RC A, S8BI OV Y—2AAH

LP_sel - LP mode.

XT_sel - XT mode.

HS_sel - HS mode.

RC_set -~ RC mode.

Sleep - ZY—TE—F, RIRFSA/LOFF IZRYET,
5. 1. 6. 2 Hh

0SC2/CLKOUT - KRR\ D

KEREE— KT, K®HIVZEBFEERLET. WBSLUSE RC T— FTI. 0502 Bz, pyzs~

LT o TERRATILT v TEanEY.

Clk = SAFLYBYY

5. 2 RTCC-(0MH) UZNBA LoDy D XT3 LTrs

RICC 1Z. HBFHA INBHBLNEL RIC EVDANYA IIIUZEYA LD YA TR 8 By FYTPILAEA
LEAITY, PBTYRT—SORBIZLY RICC % 16 £y MEETHRT B LMTEES, TYRS—
SV VF FUTEAIHBVIRICIZMYSTHIEMNTEEIAN. BARBILCEELADTIBELT
FELY,

RICC EZ2A—ADAL T YA FY—R

BERFFAVITRICCEA 2T Y AL bTBEDIZEA T3V LTRS bitSORIS By b ES Y P LET,
COY DI E—FTIE RICCIEHODIBTF A ILB(TVATr—SB|L)IZA Lo Ak EhFEY,
RICC EXDANYA VILTRICC %A 29 ) A b 10T, ATV I ULURH bits DRIS By 4
Y hLET. CONIUFE—FTIL RICCIERTCC EVDANY A FILEIZA LD Ak ThET,

BOUEE—FIyIRR

RTE £ k (OPTION. 4) T B LAY HALNIILE FARYDEL SD RICC EBNDT v SHERET A EAHE
FY, FBRIZRICC LIOREGEA LYY AL MLES, RTE Aty SN BB RICC (. RTCC EL DL TA
YT vSTA oY AL RLET, FITRIE AN U7 SN BB, RICC L. RICC ELDIE ERYTA 2y 1) 4
vhLET,

FUR—5

8 v FOTYRT—SIE, RTCC HBLME WT EE5MBY BTHIEAMEET, BYUBTE PSA Ey
ROPTION. ) DERFITL > THT 5 S EMERET, PSA By bty FEh BB, TURT—SIE. WT 242
ITHYBTSh, MO OSEILIE 111 TF, PSA B FAD ) 7 Eh 285, TYRr—51%, RO IZH)Y T
Sh. HBLIZPTIN LURBITH S PS2. PSI,PSO 'y hOKBETRESRET, TURS—3511. F—4 %
EVNIRYTERT . SR A LTI CRZHEEE A

OPTION LT Z 4

OPTION 1L, YRS —3S & RICC OMRIZEDLNZ3Y FO—LE Y FEELSA rEY—LTRA T,
F—RE—FTIE SSIZRWERTED 2 DDE y FAEIZLY ET,

WDT enable bit
— RTS bit

FOSC
RTCC pin
RTE_ES bit
PSA bit

PS2:PS0 bits

l 8-bits

WDT Time-out Data Bus

Figure 5.4 RTCC & WOT [@I28
5. 3 DAVFKRYITEAT

VA UF R TRATIE RICC LRIL KR —FERBELTULET. (FigureS. 4 #81)
RIr—=3Id WT ORR bR7F—3 L LTEDhET, Fto RICOTYRS—F & LTEBDATIET,

5. 4 3w\L—4

SX1E, RBZESISL—2FRELET, H—FEL RBORR (F. I/ iL—FHH. —AN. +ANEL
TBRIZEOhFT., B F— FELEFBLTIAL/L—F | S/OIZ7HERTBIEICMAT, 3L —4
DERIEIL. PORTB_OP HEL O ZEBLTHBIENET. COLORRIE. 3 L— 2 OHEL 21t O
., WE A TOIIL—FHAOFESE L. 2/ L— S HNOHT R F2OBREETS = EAH
FEY, ML €232 3527 FBBLTFEL, 2/ L—S0OBIR-SHIE Y FE. RESET TH Y
FEN AL SEREEhET, EREARELBLT 7 TUS—2 30T o ib—5i 80
—HIE—FIZADRICRIEIZT DT EFMRLET, ELLBHEE LTI, A—Y—(d. 22L—4D
AN/ /HNE LTELL RBO.RBY & RB2R— R TOTSALLGITRIEEY FHA. SUMAZHIL. RBI & RB2

T ARELTEY FT T LAHRIELLT, RBO I BAELTEY PPy I LEHRER Y EEA, 3

D1RL—5 0 AC/DC HHHRIE. €723 6 EBBLTTEL,
5.5 Ytvh
5. 5. 1 @%

NI=TFyFTETZIU79 AT £y FERET B128012SX Y49 03> +O—5Tibhh 5 RESET B
[ZDVLTERBALET,

5. 5. 2 HRERRE
SX 11, /87—F v THONEBF v Ty b ERBT B/0—F DUty k(PR BEAEAATATLNE

T BEVD) HMEDBMELTIZRTT 280 TIRALY . T5H079 FERIE. FoTEUty LT,
B EEET,

[E POR &
Brown Out

vdd por

[

wdt_time_out

R

MCLR_Vpp pin

8-bit Asynch
Ripple S Q
Counter
(Start-Up R QN
Timer) drt_time
rc_clk _out

reset_

Figure 5.5: M"Yy FEBOTO VI A XTS5 L

RI—AUT VRV PIUFIR—EY FER TALA Yty FEATORD A Yy FLET, RT 24 (L
MOR_BNAZH B EEBMTHET C. DIV bEWMOET, Toms THEZA LT MERE. SvFY
Ty FIYEY FLES, COXIITLTRREY £y MESRRTLEYS,

VDD IZHEBAFROD MOLR_OD/ 77— 7 » FHlIE. Figure 5.6 TRUET. V0D 2315 EAY EHFBEEh. MLR_AU
AIZEHMICKELET. Fu i3, BEICEMR_ AN IZ15E, Tort ms TYEY bASERITET,



6. 0 BXHM (HEMHE)

vdd
' '
' '
MCLR_ ‘ o
) : ' 6. 1 BURATIE (TEHE)
por -———l [
Tdrt : .
>, ELElEEA ~40°C to +85%]
drt_time_out . .; BHEaE —65°C to +150°C
: . Voltage on Vdd with respect to Vss OV to +7.5
[_.__..__ Voltage on MCLR with respect to Vss OV to +14V]
reset Voltage on all other pins respect to Vss 0.6V to (VDD + 0.6V)
iﬁ%?ﬁﬁ B 800mW,
i 6 ISD—TF wTDEA LT b—47 A (MOLR_IZ V0D | ZHERA(R Max. current out of Vss pin 150mW,
Figure 5.6 /17 7 Max. current into Vdd pin 100mW]
) . . . & VoD, HEBFSHY). VDI, |Max. current into an input pin (TOCKI only) +500mA|
Figure 5.7 TlL, AR/ \D—A Yty FOBRIZEDRTULVET MCLR_ . AND5 TR Ik (Vi< r -
_ . . -pag L . LILE 2> i, lik (Vi<0 or VidDVdd) +20mA|
RE— TP TRALINEA LTI M BREIZRELT. IEHM{'J_‘E: +EhEL Fﬁﬁlﬁlﬁpﬁg‘/&/\{: BN 55~ T lok (Vo<O or VooVdd) 3 20mAl
A5, Vo0 ASB I EAY DRIRBDIRAETIZ Figure 5.8 D& SITIEYET, ORT I e BAY ST by any /0 pin 30mAl
T BEF & MOLR_/VPP £ 2 (L& VOD) f)‘"ﬁ%l:ﬂkﬁél:é?’éﬁd)f‘eﬂﬂ)ﬂ%l’s‘lﬁfﬁ?f%@tﬂl CORRETIE. _\W;ﬁ by any 1/0 pin oo
RB— T U TBAINEA LT FF BB VDD 1L VOD GBI BISER T, B0 TF v TIE. ELLEEA ﬁxv—xi;‘ﬁ(mj%/ﬂ—{—hA&éL\l;tB) TBD
REENTL A, TOLSHRIBITIE BUPR 7o LA 54 LERTOISEDNONEIRC IBENE L F [BAT VB RUIET/ F—FAs SN D) TBD|
F (Figure 5.9),
6. 2 DCH¥tE (MTH%)
Vad A
; EMEREE 0°C <= Ta <= +70°C (Commercial)
MCLR B S HE Mode Min Typ Max i
- Vdd EREL RC | 33 - 6.25 v
por . X XT 33 625
— | HS 33 6.25
' ; » LP 33 6.25
_ Tdt le—» Vpor _ |PORBMEBREER /IVdd - Vss = v
det_time_out Svdd Vddiz 5 E A3 0.05 - - V/ms
1
T BEER
seset 5 jE] Min Typ Max EXSES
Idd BEEA®DES - 40 - mA  [Vdd=5V, Fosc=50MHz
Figure 5.7 /30—7 v TBDA A LT b2—4 R 15 mA  |Vdd=5V, Fosc=4MHz RERC
MCLR_{ VDD IZRAER) : 2L VDD DI % LAY BERA 15 mA__|Vdd=3.3V, Fosc=20MHz
Mok Isd BRERR)—TE - TBD = uA |Vdd=33V, WDTF o] BF
TBD s A |Vdd=3.3V, WDTZt 1FBY
Vi ipd ERERARE(H - TBD - uA  [Vdd=3.3V, WDTEF a] 8%
Ved 10 #A_|Vdd=33V. WDT2 1t B%
1
MCLR_ : 6. 3 ACHEE (MEfHE)
por i:
Tat! | = 18 H Min Typ Max 5 S
det_time_out ' i Fosc SHABCLKINGE R 3 DC - 40 MHz RC
40 MHz XT
50 MHz HS
veset_ | 200 Khz Lp
EFIEET DC ~ 40 MHz RC
Figure 5.8 /39— 7 9 JBD AL LTF™ FL—bro2 04‘ ‘;-g m; :g
(NCLR_{2 VDO P8R - BL LS LAY BERR 5 200 Khz P
Tosc SHEBCLKINE B 250 - - nS RC
250 10,000 nS XT
20 250 nS HS
vdd 5.0 200 us LP
TosL, o8v%9 A H(0Sc) 50 - - nS XT
N TosH Low/Hightg
80 nS HS
20 u#S LP
TosR,  [ZOwH A AH(0SC1) = - 25 nS XT
TosF Rise/FallB§f8
25 nS HS
D () . 5X sl
R1 Note: "TYP IRBOSAHL. 5V, 25CTH,
A% MCLR_
6. 4 O /5L —% DC/AC HIE (Rt
C
HE E353 Min Typ Max EXD]
ANATEIREBRE 0.4V<VindVeg - 15V +10 | +25 mV
ADTECEBRELLD 04 Voc - 15|V
EBETA 300k V/V
DCERER @) Vee = 55V 250 uA
.3 T E B 1 uS
SX18AC/DP
Figure 5.9 S}/ S7—A 2ty FEIRE (/$9—7 » TAGEL VDD F)
Note 1: VOO /3T—7 5 THBE Y IZBUBRIZOH, 1817~ v T by FRBNERSHLET, v 0y ot 03
SO—AELBE, SAA—FDiE, BT EREE wET, e g% —
Note 2: R < 40 kQIE, R £MABERTAT/ A ROBEIHEI SR LBWZ EEHRBT H T EACRDS
h&d, 02600280
tote 3: R1 = 100Q to QL. MER(ESD) HBLNIBBRIZL D MOR_E L MEOLEE TN 5 i‘“‘"
Y—CME MR AOBRALEWRLET,
5. 6 T30 7 MR oom00n
. ?003':"'::" 0130 nom.
FIVUTY NI T RBE VD) A EOBMELTIH TS 2850 T . BET SREELOET, Shnee L ¥ 3 e T oeen
FIARE, TIOUTIRDARUETY Y FLETAERY EA. TIIUTY FLALIE, & ki mscan x T e

FULLEIZTY Y bERET. ol TSIU7D ME bromrout EBIZE > TEF v L ENETS,
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IN-SYSTEM PROGRAMMING
INTRODUCTION

In-system-programming is the capability to program or re-program a chip in place after it has been
mounted on & circuit board. The denefits of in-system programming have been weil documented. It speeds
up product development, minimizes the risk of over stocking of out-dated parts, and allows field upgrade
and buy fix.

With ISP, developing a micro-controller system is simpler and faster. During program development, codes
can be updated with the micro-controlier in the actuai system board. Without ISP, the micro-controiier has
to be removed from the board and plugged into a separate programmer before it can be programmed. The
conbiviler cal be program and re-program many times, usiog in-systeal-progiamming lealure, unti} the
design functions correctly. It saves a lot of time. Also, the micro-controller can be soldered on the board
just like the actuai production system. No speciai sockets are needed. It makes debugging timing or noise
sensitive designs a lot easier.

For manufacturing, there are many benefits too. System boards can be built with the controller mounted,
wilhoul sockels, before the design is finalized (0 meet lime-lo-market requircment.  Additional informaiion
can be added at end of production cycles, information that may not be available otherwise, such as, vendor
. But, one of the major benefits is to reduce the risk of over stocking out-dsted pre-programmed devices.
Because the controller can be programmed or re-programmed while in system, the parts do not have to be
pre-programmed. And pre-programmed parts can be re-programmed if revisions or upgrades become
necessary. Finally, with ISP, the parts can be easily upgraded or fixed in the field.

The ISP solution from Scenix is a proprietary system but uses the two pins, clock input (OSC1) and clock
output (OSC2), for crystal oscillator. It does not require an expensive JTAG tester and, in most
applications, does not need any additional hardware to isolate the ISP circuitry from other hardware on the
system board. The reasan is that OSC1 and OSCZare normally connected to passive. components such a3
capacitors, resistors, or crystals and can not be damaged with high programming voltages and would not
interfere with ISP programming signals. The Scenix solution does not use an expensive tester, does not add
pins to the micro-controller and does not need extra hardware. It reduces component cost and real estate
requitement on the circuit board

In-System-Programming

The in-system-progr (ISP) h allows SX to be programmed in the system board without
removing the SX. In most cases, no modifications to the system board are needed. Only two pins, OSCI
and OSC2 are used. OSC1 is used to supply power (Vpp = 12.5V) for EEPROM programming. OSC2 is
Lhe seriai data 1O {or writing data to EEPROM and reading data from EEPROM

There are three stages of in-system-programming: Entering ISP, Programming ISP, and Exiting ISP
Entering ISP:

The method to enter ISP depends on the oscillator mode selected. SX has three oscillator modes: crystal
(XTAL}, external RC (XKCj, and internal RC (IRC). The three methods are slightly different but the basic
idea is the same: signal SX to shut off the oscillator at OSC1 so that a high voltage can be applied at 0SC1
for EEPROM programming (Fig. 1).

0OSC2 is the communication pin for ISP. To tell SX to shut off the oscillator, drive OSC2 low. To avoid
the osciliator from beiny inadvertently shut off, & noise filtering fogic is used. OSCZ has to be fow for nine
consecutive OSC! clocks to signal the beginning of ISP.

Use the following steps to start ISP:

First, force OSC1 low. Then force OSC2 low. With OSC2 low, toggle OSC1 nine times. These nine
0SCI clocks, driven by the ISP programming module (e.g. ISP programming n_:od\‘ﬂe from Parallax, Inc.),
clears OSC_EN bit in the DEBUG register and disables the on chip oscillator circuit.

With the oscillator circuit disabled, OSC1 can be safely driven to Vpp level without any contention. Thc_
last step is to raise OSC1 to VPP. When VPP appears at OSC1, the intemal RC oscillator (freq. = 128K) is
enabled and becomes the clock for ISP state machine. The ISP logic is now ready for programming.

Programming ISP:

When ISP programming stage is entered, SX could be in the middle of executing a program. _To prevent
any acridental damage to tire systens board; the first-thunyg the ISP logicdoes 15 toreset the chupe Wien
reset is done, ISP logic executes the in-system-program protocol. It is a “selY aligned” protocol. One pin,
0SC2, is used for both serial data IO and a “synchronization clock”. No separate clock pin is needed.
0SC2 is implemented as open drain with an internal pull up

The ISP programming protocol is made up of a stream of ISP frames at OSC2. In the current scheme, a
frame has 17 cycles and a cycle has four clocks (Fig.2).

The first cycle of a frame is the synchronization cycle. It signals the beginning of a t‘ra.me._ It i; follqwed
by four cycles for entering ISP command. These are the command cyctes. The command is shifted in
serially and it specifies an ISP operation. For example, write data to EEPROM or read data from
EEPROM. The command phase is followed by twelve cycles for data. These are the data cycles.
Depending on whether the ISP command is to write data or read data, EEPROM data is either sen'ale
driven onto OSC2 by the externat programming module (write case) or by the chip (read case). In either
case, data is valid on the raising edge of fourth clock {clock 3).

There re four clocks in a cycle. On the first clock (clock0), nobody drives OSCZ. Hence, llze open drain
0SC2 is pulled high by the internal pull up of OSC2. On second cfock (clock 1), the chip drives 0SCZ
low. This is the synchronization pulse. The ISP programming module uses this pulse and the
synchronization cycle to align data for writing to or reading from the chip. The third and feurth clocks
(clock2 and clock3) are for data. Depending on the direction of data transfer, the c)g_cmnl module or the
chip can drive data during these two clocks. The data is valid and sampled on the rising edge of clock3.

One special note on the operation is that the encoding for the “no operation” command, NOP, must be all
one's. This is important because once entering ISP programming stage, the ISP logic on ct_np will start
looking for command to execute. But, the external ISP programming module takes some time to align its
internal clock to the synchronization cycle and synchronization pulses so that command cen be driven onto
OSC2 at the right cycles (command cycles) and at the right clocks (clock2 and clock})_, St'nce 0SCzis
open drain, ISP programming module, by not driving OSC2 (and thus no synchronimon is needed), )
effectively drives the NOP command. When the ISP programming module aligr\gd its internal clock with
the synchronization pulses, it can safely and correctly drive the command and write or resd data.

Currently, nine commands are defined:

Name Code __ Description

NOP oxf- No operatiom.

ERASE 0x0 Erase ALL EEPROM locations.

READ DEV 0x1 Read SX features available for the device.

READ FuseX 0x2 Read FuseX.

PROG FaseX 0x3 Write FuseX. Need to executethe LOAD command first to
specify the data to be programmed.

LOAD Ox4 Specify the data to be programmed.

PROG 0x5 Write data to EEPROM other that FuseX. Need to execute

the LOAD command first to specify the data to be
programmed.

Read EEPROM data other than FuseX.

Increment EEPROM address by one.

READ 0x6
INC 0x7

However, the scheme does not put any restriction on the number of commands. New commands can be
added as needed.

The on chip ISP iogic is consisted of three major biocks: command shift register, command decode and
data shift register. Command is shifted in serially and decoded once alt command bits are shifted in place.
In a write data operation, data to be written is first loaded in the data register by shifting the data in serially,
using the LOAD command. It is then written to the EEPROM in parallel using the PROG command. To
control the length of data write time, simply execute the PROG command continuously for the desired
number of times. In a read data operation, use the READ to load the data shift register with EEPROM data
in parallel mode and then to shift the data out serially. For example, to program one location in EEPROM,
following commands need to be executed:

1. ERASE (First, erase the memory. Issue the ERASE command several
time to aliow sufficient time to erase. For example, if the erase time is x
msec and each frame takes 0.53msec (1/128k * 4 * 17), issue ERASE
command x/0.53 times ) ’

2. LOAD

3. PROG ( Issue PROG command several times to allow sufficient time
to program. For exampie, if the program time is x msec and each frame
takes 0.53msec (1/128k * 4 * 17), issue PROG command x/0.53 times )

Exiting ISP:

When ISP programming is done, a method is needed to safely exit the ISP mode without accidentally
damaging the system board. A scheme is needed to let both the on chip ISP logic and the off chip ISP
programming module know that it is safe to exit ISP.

The scheme chosen is for the off chip ISP programming moduie to drop OSC1 from Vpp to low. This
signals its intention to exit ISP mode. The ISP mode is exited on the first rising clock edge after the
synchronization cycie. At this time, the on chip ISP logic generates a reset pulse to reset the chip and
terminate the ISP mode. Before this point, both on chip and off chip ISP logic need to observe all ISP
protocol,
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4. write : EEPROM data is driven in
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SX PARALLEL MODE PRQGRAMMING SPECIFICATION

The SX chip can be programmed in Pa.rallpl mode also. The pins that are used for parallel mode programming are Vdd, MCLR_/VPP, portB, portA, RTCC and
OSC1 pins. To program one location] in EEPROM, following commands need to be executed:

I. ERASE (Issue the ERASE command and allow sufficient time to erase the memory.)

2. PROGRAM (Issue PROG command and allow sufficient time 1o program. The PROGRAM command does WRITE and READ
opergtion. )

Fig.1 shows the pecessary timing diagram of the signals needs to be applied at the pins to program the chip in parallel mode.
The state machine for the paraliel programming hlock is as follows.

Read
- Commands: Hex Code:
Erase hx1x
Read deyice info h0oOo1
Read FUSEX h002
Write FUSEX (SX28) h003
Write FUSEX (SX18) hx2x
Read h004
Prqgram hFFE

Programming Specification Additional Information:

hd Recommend a protection resistor of 1002 on MCLR_/Vg, pin.
— V=125V

- Command is latched at the rising edge of MCLR_/Vpp signal. The rise time of MCLR_/Vpp signal should be greater than s
. There should be atleast 1us hold time for the data to be written after the rising edge of RTCC.

- There is a 50ns-delay time for the data to be read after the falling edge of RTCC.

- For 18 and 20 pin package, after ERASE command, ﬁ.rst need to PROGRAM the bit 10 of FUSEX word to 0.

hd Address is incremented on the leading edge transition of OSC1
— It can be advanced independent of RTCC

— To skip “X” number of locations, just toggle OSC1 “X” times. Then drive RTCC low to WRITE (if the command is to
write) or READ (if the command is to read) the location.

- Operation is specified by command
To do a series of commands, cycle Vdd, or Vpp, or both.
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