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e Hanuume nHCTpyKUMN
OAHOBpPEMEHHO paboTalLmx c
ABYMs1 pernctpamu.

e Bce komaHgp! (BKnoYas KoMaHay
8x8 BbuTHOE YMHOXeEHNe)
BbIMONHAKTCSA 3@ OAUH UmMKn (OT
121HC), KpOMEe KOMaH BETBNEHUS U
yTeHusa/3anmcmn Tabnuu,
BbINOSTHAEMbIX 3a ABa LMKNa.

e ®narn 3awmnTbl OT Moanukaumn
cogepxmumoro EEPROM gaHHbIX:
BE3 — 3awmnTa akTMBMpoBaHa
BE31 — 3awurta oTkno4eHa.

e TemnepaTypHbIN AnanasoH:
O6o3HauYeHne Owana3oH
1886BE3(31)Y MuHyc 60 — 85 °C
K1886BE3(31)Y MuHyc 60 — 85 °C

K1886BE3(31)YK 0-70°C
K1886BE3(31)QI mMuHyc 40 — 85 °C

XX- ropg Bbinycka
YY- Hepens Bbinycka

Tun kopnyca:
nsa mukpocxem 1886BE3Y, K1886BE3Y, K1886BE3YK, 1886BE31Y, K1886BE31Y,

K1886BE31YK - 48-u BbIBOAHON MeTanniokepamuyeckuin kopnyc H16.48-1B.
Ana mukpocxem K1886BE3QI, K1886BE31QI - 64-x BbIBOAHOW NiacTukoBbiv kopryc LQFP64.
Mukpocxembl K1886BE3H4, K1886BE31H4 nocTtasnsatotca B 6eCckopnyCHOM UCMNOSTHEHUN.
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Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),
K1886BE3(31)QIl, KI886BE3(31)H4

e 4-X BEKTOPHbIN KOHTpOMSiep npepbiBaHUA nogaepxumsawowmn 18  MUCTOYHMKOB
npepbIBaHUN (BHELLHMUX WU BHYTPEHHMX)

e 16-T1 YpOBHEBbLIN annapaTHbIA CTeK

e BoamMoxHOCTb paboTbl TOMBKO C BHYTPEHHEW, C BHYTPEHHEW W BHELIHEW U TONbKO C
BHELLHEN nNamMATbl0  NporpamMm  (PEeXUMbl:  MUKPOKOHTPOMNEP,  pacLUMpeHHbIN
MUKPOKOHTPOSSEP Y MUKPOMNPOLECcop)

e CymMmapHbI agpecyeMbinn 06bem namatn nporpamm 128 Kbant (64K x 16 6uT)

e O6bem BHyTpeHHen namaTn nporpamm 64 Kbanta (32K x 16 6uT)

e BHyTpeHHssa namaTb nporpaMmm nepenporpammmpyemas FLASH tuna

e O6beM BHYTpeHHeEN NamsaTh AaHHbIX 902 6anTa

e Bce perucTtpbl «cneumanbHOro Ha3HayeHusl» HaxogaTcs B agpecHOM MpOCTpaHCTBE
namMsiTM AaHHbIX

e [lo 28 yHuBepcanbHbIX §nMHWA BBOAA/BbiIBO4A C WHAMBUAYANbHOW HACTPOMKOM
HanpaBfieHMsI U BbICOKOW Harpy304HON CNOCOBHOCTbLIO

e brok annapaTtHon noggepXku anroputMma Kpuntorpadomyeckon 3awmTtbl MHpopmaumn B
cootBetcTBUM ¢ TOCT 28147-89

e 16-TM paspsagHbIi  TamMmep/cyeTynmk C  8-MuM  paspsgHbIM - MporpaMMupyemMbiM
npegaenutenem (Tanmep 0)

e OauH yHMBepcanbHbI CUHXPOHHO-AaCUHXPOHHBLIM npuemonepegatyunk (USART), c
nporpaMmmMmpyemMon CKOpOCTbIO Nepeaayn nHpopmaumnm

e VYHMBepcanbHbI  annapaTtHO  pearniM3OBaHHbI  KOHTPOMSep W aHanoroBbiN
npuemonepenatynk nHTepdenca USB 1.1, ¢ AByMs NONb30BaTENLCKUMUN OKOHEYHBIMMN
TOYKaMn N CO CKOPOCTbIO Nnepeaaym ao 12 Moéurt/c

e YHuBepcanbHbIn KOHTponnep BHewwHen namatn Tuna NAND FLASH

e BcTpoeHHoe 3anomuHawouwee yctponcteBo Tuna EEPROM obvemom 256 6ant c
BO3MOXHOCTbO YCTAHOBKM 3aLMTbl OT CTUPAHNS U 3anucu

e MuKpokoHTpoOnnep MMeeT cuctemy cbpoca no BKITHOYEHUIO N CHUKEHUIO HaMNpshKeHUs
nuTaHus (C TanMepamMm OTCPOYKUN BKIHOYEHUS 1 3anycKa TaKTOBOro reHepartopa)

e CropoxeBon Tammep cC cobctBeHHbiM RC reHepatopoM Ha kpuctanne, Ans
obecnevyeHns BbICOKOHAAEKHOM 3aLLluTbl OT cboeB

e 3allMLLEHHbIN pexnm (3awmTa Koga nporpaMmmbl)

e [locnepoBaTenbHbli PEXUM MPOrpaMMMPOBAHUSA MNaMATU NPoOrpamm, BO3MOXHOCTb
BHYTPUCXEMHOIO NPOrpaMMmnpoBaHus

e [lopoepxmBaeTr pexum aHeprocbepexeHns SLEEP (c BO3MOXHOCTbIO Bbixoga C
MOMOLLIbIO BHELLUHUX N BHYTPEHHUX NpepbiBaHWi 1 cbpoca)

e UYeTbipe pexumma paboTbl BCTPOEHHOro TakTtoBoro reHepatopa (RC reHepatop,
NCMNonb30BaHME B Ka4eCcTBe TaKTOBOW YacTOTbl AEfIEHHOM Ha [ABa 4acToThl reHepaTopa
USB koHTponnepa, XT — cTaHAapTHbIN reHepaTop C KBapueBbiM pe3oHaTtopom, EC —
BXO[, BHELLHEro TakTOBOro curHana)

e BCTpoeHHbIN perynaTop HanpsbkeHna Ha 3.3 BonbTa (Tok Ao 40 MA)

e [lnanasoH HanpsXeHnsa NuTaHua aapa MUKPOKOHTpossiepa ot 4.5 0o 5.5 B

e [lManasoH HanpsKeHUs NUTaHUsA Nonb30BaTENbCKMX BbIBOAOB MUKPOKOHTpOnepa ot 3
0o 5.5B
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Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),
K1886BE3(31)QIl, KI886BE3(31)H4

O6wee onucaHmne n o6nacTu NPUMEHeHUs1 MUKPOCXeMbl

1886BE3Y, K1886BE3Y, 1886BE31Y, K1886BE31Y n K1886BE3(31)QI (manee no
Tekcty 1886BE3 wunu 1886BE31) - BbicokonpomsBoauTesibHbIN 8-Mn  paspsgHbin RISC
MUKpPOKOHTponnep ¢ MapBapackon apxutektypon. OH npegHasHadeH Ansi OAHOKpUCTanbHOM
peanu3auun kpuntorpadumyeckmx cuctem nepegaymn, obpaboTkm N XxpaHeHus AaHHbIX, B TOM
yucne C nNpuMEHeHMeM BHelHen aHeproHesasucumon namatm Tuna NAND  Flash,
ucrionesytownx  USB  uHTepdpenc. MoxeT  ucnonb3oBatbCA  ANA  opraHu3auuu
Manonpou3BoAUTESNbHbIX BbIYUCIUTENBHBLIX CUCTEM U B KavyeCTBe YCTPOMCTBA COBMELLEHUS
pasfnyHbIX TUMOB UHTEP(ENCOB.

OCHOBHble 06n1acTU NPUMEHEHUs:

Cuctembl kpuntorpaduyeckon obpaboTkm nHpopmaumn.
TenekoMMyHMKauMoHHOe 06opyaoBaHue.

YCTponcTBa XpaHEeHUs1 JaHHbIX.

YcTponcTtea ¢ nucnonb3oBaHnem nHtepdgerica USB.
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Cneyugpukayua muxpoxkonmponnepos 1886 BE3(31), K1886BE3(31),
K1886BE3(31)QIl, KI886BE3(31)H4

OnuncaHue BbIBOOOB
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47 17
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42 41 40 39 38 37 36 35 34 33 32 3 “ PA3_Tx1_cK1 |22
Ueem ] 43 30 [ PD1_aD9_REN — N Upp PCo_aDo_loo 42—
- =01 101 141
PC1_AD1_lo1 |21 —
UssM ] 44 . 20 [ PD2_AD10 . PC1ADLIO a0
=D 103 |29
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=05 105 |25
TEST [ 46 K 27 [ Ucezport al op :’g:_ﬁgg_:gg )
3 feecsed IFT)
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2 31
0SC2_CLKOUT ] 48 26 [ PD4_AD12_CLE 1] 3“ :’g?—ﬁgg—gg;‘ 30
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26 BD2 29
ussout ] 1o 2 3 uss 1 b oAt e a—
5 25
uee 2 1886BE3Y == uwon: 5 eom PDSADISALE | 22—
=D14 % 22
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oP 4 21 [ PD7_AD1S 24 3:: PEO ALE TXDP |18
37 ~En> 15
uss 5 20 [ PA3_TX1_CK1 Uss Ff:;_vggﬂ_%gg 14
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USBCLK [ 6 19 [ PA2_RX1_DT1 UssM PE4 RXD |10
7 8 9 10 1 12 13 14 15 16 17 18 28] Yeetport o PES5, RXDP g
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Puc. 1 PacnonoxeHue BbIBOOB M YCIOBHO-rpaduyeckoe 0b603HaveHne
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N[—]1 ® 48 [—INC 71 0sC1_CLKIN PAOINT 20—
s MDRSF3QI PA1_TOCLK 517
UeeM ] 2 47 [ RD1_AD9_REn 0SC2_CLKOUT PA2_Rx1_DT1(-24
PA3_TX1_CK1
UssM ] 3 46 [__JRD2_AD10 2 TEST 53
— MCLR_Upp PCO_ADO_I00 |—==——
MCLR Upp C—] 4 45 [—IRD3_AD11 15 Lsmork Po1_AD1_l01 02—
TESTC] 5 44 [ Ucezport 10 ggizﬁgi::gi -2——
— 1 U33out _ _| [
NcC—] 6 43 uss PC5_AD5_I05 [(28——
— 13 pp PC6_ADS6_|06 243‘7
0SC1_CLKINC—] 7 42 uee — 2] om PC7_AD7_l07 [22——
osc2_cLkout C— 8 M DR8F3QI 41 IRo4_AD12 CLE —1 1 Uce PDO_AD8_R8n [-0——
—==1 Ucc PD1_AD9_REn |———
NCC—] 9 40 [luss 421 e PD2_AD1O |45
——521 yee PD3_AD11 2?7
U33out C—] 10 39 [ RD5_AD13_ALE 5 PD4_AD12 CLE [-00——
— UccM PD5_AD13_ALE |>>——
Uce ] 11 38 [ RD6_AD14_WEn “ PDE_AD14_WEn 257
—{ Uss PD7_AD15 |—~——
om ] 12 37 [—IRD7_AD15 21 s
- — 401 es PEO_ALE TXDP |- 28—
oPC] 13 3% [INC ——221 s PE1_OENn_TXDM |21 ——
—=H uss PE2 WRn_TXOE [-26——
Uss T 14 % [IRASTXICKI  — . Uss pea RIS
— UssM _| ET
USBCLK [ 15 34 [RA2 RX1_DTH ” LQFPG4 PeS_RXOP -
— | Ucelport _| .
NCC—] 16 33 [INe ——24 Ucezport PE7 |18

27 30

N 3
RE7TC] &
—]=
—8
—R
RESC—] B
Uce ] 8
uss—| &
NeC—] &
—8
—]
—8
—8
—]
[
Ne—] 8

NC

RE4_RXD

RE6_RXDM
RES_RXDP
RAO_INT

RA1_TOCLK

E2_WR_TXOE

RE1_OE_TXDM
REO_ALE_TXDP

Puc. 2 PacnonoxeHne BbIBOAOB 1 yCrnoBHO-rpadmnyeckoe o603HauveHne
MUKpocxemsbl B kopnyce LQFP64
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Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),

K1886BE3(31)Ql, K1886BE3(31)H4

Tabnuua 1

Homepa, Ha3BaHue, TN n HasHa4yeHne BbiIBO4OB

Homep B Boaa B
kopnyce H16.48

Homep BbiBOAa B

KopnycelL QFP64

Homep KOHTakTHOM
nrowagku

O6o3HauyeHue
BbiBOAA

Tun BX. 6ychepa

TunBbIBOAA

HasHa4yeHune

51

OSC1_CLKIN

ST

BXOA

Bxog reHepatopa B pexumax RC
reHepaTopa W reHepatopa C KBapLEeBbIM
pe3oHaTopoM. Bxo BHELUHEro TakToBOro
curHana

48

52

OSC2_CLKOUT

BbIXO[,

Bbixog reHepaTopa. [logkntovyaeTtca K
KBapLeBoOMYy pe3oHaTopy (B
COOTBETCTBYIOLLIEM peEXMME reHepartopa). B
pexumax RC reHepatopa n BHeLHero
TaKTOBOroO CUrHamna - BbIXO4 CurHana ¢
yacTtoTton Fc/4 (YacToTa UUKINOB KOMaHL)

BbiBoAbI nopta A

JononHutenbHoe Ha3Ha4YeHue
BbiBOOOB:

17

30

18

PAO/INT

ST

BXOA

BxogHon nopT obwero HasHayeHus. PAO
MOXET MCMOorib30BaTbCH KaK BXOA, BHELLHEro
npepbiBaHUs. MOXHO HacTpouTb: POHT
uUnu cnaj curHana BbI30BET MpepbiBaHue.
TornbKko BXOOHOW KOHTaKT

18

31

19

PA1/TOCLK

ST

BXO4

BxogHon nopT obwero HasHayeHus. PA1
MOXET MCMOorib30BaTbCA KaK BXOA, BHELLHEro
npepbiBaHUs. MOXHO HacTpouUTb: POHT
Unu cnaj curHana BbI30BET MpepbiBaHue.
PA1l - moxeT ObiTb BbibpaH Kak BX0og
TakToBOro curHana ans tammepa 0. Tonbko
BXOOHOW KOHTaKT

19

34

20

PA2/RX/DT

ST

Bxon/
Bbixog®

[ByHanpaBneHHbIV nopt obLwero
Has3Ha4yeHUsi, COBMELLEHHbIN C JUHUEN
RX/DT mopgyns USART. Pexum BbiBoga
JocTyneH Tonbko n3 USART

20

35

21

PA3/TX/CK

ST

Bxon/
Bbixog®

[ByHanpaBneHHbIV nopt obuwero
Has3Ha4yeHUsi, COBMELLEHHbIN C JUHUEN
TX/CK mogyns USART. Pexunm BbiBOAa
poctyneH tonbko n3 USART

MopT C - napannenbHbIn

ABYHanpaBeHHbIN NOPT BBOAA/BbIBOAA

JononHutenbHoe Ha3Ha4vyeHue

BbIBOOOB:
42 63 45 PCO/ADO/I00 TTH Bxoa/ 1. 8-mu paspagHada LLIVI/IHa OaHHbIX 10 gn4a
BbIxoa obpalleHns k BHelwHel mukpocxeme NAND
41 62 44 pCU/AD1IO1 | TTRH | BXOA | Flash namamu. 3 3
BbIXO/, 2. Mnagwwuin 6ant 16-tm GUTHOM CUCTEMHOMN
Bxoa/ LWWHbI B peXmnme Mmnkponpoueccopa unm
40 61 43 PC2/AD2/102 TTN BLIXOL PEXIME PACLUIMPEHHOTO
© AO «lKK MunaHop» TCKA.431295.003CTr1 8




Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),
K1886BE3(31)QIl, KI886BE3(31)H4

agl 5% |8 5
85 o E
g2 e | E8 8 g
g ﬁ 3 E s 0603HauYeHmne Y a HasHauenye
o 0| B8 3 4 g BbiBOAA » 2
oz §2 o g o =
2515 (§° | ¢
T |2 g o -
e T
Bxon/ MUKPOKOHTponnepa. [nsa peanusauum
39 60 42 PC3/AD3/|03 TT” BbIXO CVICTeMHOVI LLINHbI 3TN BbIBOAbI MOFyT
Bxon/ ABNATLCA BbIXO4AMU aapeca U
36 57 39 PC4/AD4/104 | TTN BbIXOZ BXO4amu/BbIXo4aMu AaHHbIX
35 55 38 pcs/apsios | TTn | Bxod
BbIXOA
34 54 37 pce/aD6/IO6 | TTN | BXod
BbIXO[,
33 53 36 pc7/ap7107 | TTN | BXod
BbIXO[,

MopT D - napannenkHelil AByHanNpaBneHHbIi NOpT BBOAA/BEIBOAA | [ononHMTENbHOE HA3HAYEHUE BbIBOAOB:

Ctapwun 6ant 16-TM OUTHOW CUCTEMHOM
WKWHbI B peXuMMe MUKponpoueccopa Wiu
peXUMe paclUMpeHHOro MUKPOKOHTporifepa.
Ona peanusaumm CUCTEMHOM LUMHBLI 3TK
BbIBOAbI MOIYT ABMATLCS BbIXOA4aMW agpeca
N BXOAaMu/BbIXOA4aMUN AaHHbIX

31 50 33 PDO/ADS/RBn | TTH Bxon/ Wnna yljpaBneva RBn gns obpallueHus K
BbIXO[, BHeLwHen mukpocxeme NAND Flash namaTtu
30 47 32 PD1/ADY/REn | TTH Bxon/ Wnna yljpaBneva RENn gns obpallueHus K
BbIXO[, BHeLwHen mukpocxeme NAND Flash namsaTtu
29 46 31 pD2/AD10 | TTR| BXOH Het
BbIXO[,
28 45 30 poz/aD11 | TTN | PO¥ | Her
BbIXO,
o5 a1 27 PD4/ADL2/ICLE | TTN Bxoa/ Lvna ynpaenenus CLE pgnsa obpawieHus K
BbIX0O[ BHewwHen mukpocxeme NAND Flash namaTtu
23 39 o5 PD5/ADIYJ/ALE | TTN Bxona/ LLnHa yljpaBneva ALE ans obGpauieHus k
BbIXO[, BHeLHen mukpocxeme NAND Flash namsaTtu
22 38 o PD6/ADL4AWEN | TTH Bxon/ LLnHa yI]paBJ'IeHI/Iﬂ WEn gns obpalleHus K
BbIXO[, BHeLwHen mukpocxeme NAND Flash namsaTtu
Bxon/
21 37 23 PD7/AD15 TTN BbIXO Het

JononHutenbHoe Ha3Ha4vyeHue

MopT E - napannenbHbIi ABYyHanNpaBreHHbI NopT BBoAa/BbIBOAA
p p AsyHanp p a0 it BBIBOJIOB:

1. B pexume wmukponpoLeccopa wunu
pacluMpeHHOro  MUKpoKoHTponinepa PEO
CTaHOBUTCA BbIXOOAOM CUrHana cpmxcau,mm
agpeca BHewHewn namatn (ALE). Agpec
pomkeH 6bITb 3adumkcMpoBaH Ha cnage
curHana ALE.

2. CwurHan tx_dp koHTponnepa USB B

Bxon/
BbIX0O[

16 28 16 PEO/ALE/TXDP | TTN

© AO «[l1KK MunaHOp» TCKA.431295.003Cr1 9




Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),
K1886BE3(31)QIl, KI886BE3(31)H4

vl 23 |8 g
xe| 5 | Es 2 e
x| 2o | Ex 4 o
@I 33 ks 0603HauYeHmne Y a
A od 3 HasHaueHue
a S o %9 BbIBOAA % A
Q = % E‘ [o M = [11] | ==
2 o s o [ = C =
O 0 o O = = [
I x T X ] -
T
pexume TectupoBaHus 2 (USB TEST?2)
1. B pexxume mukponpoueccopa unu
pacLuMpeHHOro MMKpokoHTponnepa PE1
Bxon/ CTaHOBUTCH CUrHanoMm ynpasneHus, ans
15 27 15 PE1/OE/TXDM | TTh Bblxg YTEHUA OaHHbIX U3 BHELLHEN NamsaTn
A (aKTVBHBIN YPOBEHb - HU3KUNA).
2. CurHan tx_dm koHTponnepa USB B
pexvme TectnpoBaHusa 2 (USB TEST?2)
1. B pexxume mukponpoueccopa unm
pacLUMpEHHOro MUKPOKOHTponnepa PE2
Bxon/ CTaHOBUTCHA CUrHaNoOM paspeLleHns 3anucu
14 26 14 PE2/WR/TXOE | TTN Bblxg BO BHELLHIOI NaMsATb (aKTUBHbIA YPOBEHb -
A HU3KUIA).
2. CurHan tx_oe koHTponnepa USB B
pexvme TectnpoBaHusa 2 (USB TEST?2)
11 22 11 PE3 T | PO e
BbIXO,
Bxoa/ CurHan rx_d koHTponnepa USB B pexume
10 21 10 PE4/RXD T BbIX0[ TectupoBaHusg 2 (USB TEST?2)
Bxoa/ CwurHan rx_dp koHTponnepa USB B pexume
9 20 9 PES/RXDP T BbIX0[ TectupoBaHusg 2 (USB TEST?2)
Bxoa/ CurHan rx_dm «koHTponnepa USB B
8 19 8 PE6/RXDM T BbIX0[ pexume TectupoBaHusa 2 (USB TEST2)
7 18 7 PE7 | BXOA | ey
BbIXO,
6 15 6 USBCLK ST BXO[, TakToBaga YacTtoTa Ans koHTponnepa USB
4 13 4 DP - ;:2221 CurHan D+ wuHbl USB
3 12 3 DM - :‘:2?; Cwurnan D- wuHbl USB
21
12, 11, 23, 2,12, Ucc _ |HanpsixeHve [NonoXnTenbHbIA BbIBOA, HANPSXKeHUs
26, 42,52 28, 35 nuTaHusa nuTaHmsa
32
38 59 41 Ucclport . [anpsbkenre HanpspkeHne nutanus nopta C
nUTaHWs
27 44 29 Ucc2port . [anpsbkenre Hanps»eHne nutaHuns nopta D
nUTaHWs
HanpAXeHne [NonoxutenbHbIA BLIBOA HanN
43 2 46 UccM - nMTaHus 504 PAXEHNA
nuTaHns BHyTpeHHen Flash namaTtu
5, 13, 4113 421;1 5, 13, Uss _ |HanpsbkeHve 3emns
24, 37 51’ 58, 26, 40 nuTaHuna
© AO «lKK MunaHdp» TCKA.431295.003Cf1 10




Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),
K1886BE3(31)QIl, KI886BE3(31)H4

el 23 |8 g
Fo| 82 | Es gl g
aT| 80 £ S o
| I ® O6o3HauyeHne © o
A od , 3 HasHauyeHue
o 9O o <3 BbiBOAA % o
o g2 o g 0 E
= o s 5_ [ = c =
O 0 o O = = -
I x T X [] -
T
HanpshkeHne
44 3 a7 UssM - nMTaHus 3emns BHyTpeHHen Flash namaTtu
Ynpasnswowmin Bxog Ans  nepexoga B
46 5 49 TEST ST BXOA4 TECTOBbI pexunm. Ona obblMHOrO pexvma
paboTbl AoMmKeH ObITb NoakItoYeH k Uss
Bxop/ Bxop, BHELLHero «cbpoca»
45 4 48 MCLR_Upp ST |Manpsenve MUKPOKOHTpPOMfepa C aKTUBHbIM HU3KUM
ypOBHEM curHana. Bxog HanpspkeHus
nuTaHns
NporpaMmMmnpoBaHus
1 10 1 U33out _ |HanpsbkeHuwe | Bbixon BHYTPEHHEro perynsropa
nnTaHus HanpsxeHus (3.3 BonbTa TOK 4o 40mMA)
1,6,9, 16,
17, 25, 29, 17, 22,
- 132, 33, 36, 34 50 NC - - He ncnonbaytoTcs
48, 49, 56, '
64
Obo3Ha4YeHus:

TTJ1 - BxogHoun 6ydbep TTJ1 Tuna, ST - Bxog ¢ Tpurrepom LLmutTa.

[lpumeyaHue:
1. Pexum BbIxoaa OOCTYNEH TONbKO U3 nepudepuimnHbiX YCTPONCTB.
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Cneyugpukayua muxpoxkonmponnepos 1886 BE3(31), K1886BE3(31),
K1886BE3(31)QIl, KI886BE3(31)H4

CTpyKTypHasa ONnoK-cxema MUKPOCXEMb.
O1nnuus 1886BE3 ot 1886BE31

Otnuunem mexay MukpokoHTpornepamu 1886BE3 n 1886BE31 aBnsertca coctosiHue
nnaeBkon nepembldkn 3awmtel EEPROM namatn. Y wmukpokoHTponnepa 1886BE3 ata
nepemMblyka nepexkeHa, a y MMKpokoHTposinepa 1886BE31 HeT.

00000o00otoCOodoooon
LISE 1.1 = = E =
up to 12 Mhitis C ] C ]
C Fod  Crypta — C —
4 L uze = C =
C Processzar = C =
C Core HAMND —] C —
E oy I = = MAMND Flash Memary =
= azh _
E Inerface % E . %
UART (RS232) C = C [upto 4 Ghit) =
i C L] lr O C =
up to 1 Mbitis E = = E E E
< IE USART é? EEPRORM E E E
PROG
C — C —
C ROM = = =

vuoioooooyooooooy

Puc. 3 lNpumep peanusauum Kpuntorpamn4eckomn CUCTEMbI C UCMONb30BaHMEM
MUKpOKoHTponnepa 1886BE3 (1886BE31)

Mwukpocxema BbinonHeHa Ha ocHoBe KMOI1 TtexHonormn 0.6 wmkm.  Aagpo
MUKPOKOHTpOMfepa WMeeT pasBUTYID apxXuUTEKTypy, LUMPOKMA Habop KOMaH4, MOLUHbIV
KOHTposnep npepbiBaHUN. MUKPOKOHTPOSNEP UMEET BbICOKYIO MPOU3BOAUTESNbHOCTL 3a CYeT
Habopa apxuTekTypHbix ocobeHHocTen npucywmnx RISC mukponpoueccopam. O6bLeEM
agpecyemoun namsTtu nporpamm Ao 64K x 16 6ut. Ha kpuctanne cogepxutca 32K x 16 out
namsitn nporpamm FLASH Ttuna.

MwukpokoHTpONNep wnMeeT MoWwHbIK Habop wuHTepdencoB. KonTponnep USB
UHTepdgenca obecneunBaeT npuemMm u nepegadvy gaHHbIX co ckopocTbio go 12 Méut/c (Full
Speed). KoHTponnep nocnegosatensHoro npuemonepeaatinka USART B CUHXPOHHOM
pexume obecrneymBaeT CKOpoCcTb A0 8 M6uT/c, B acMHXpPOHHOM pexnme o 1 Méut/c. bnok
annapaTHOM noAdepXkn anroputMma wudpoBaHuss B cooTtBetctBuM ¢ OCT 28147-89
NO3BONSET 3HAYUTENbHO TMOBbLICUTL MNPOU3BOAUTENBHOCTL MPOrpaMM BbINOMHAEMbIX Ha
MUKPOKOHTpOMepe Mo WUgpoBaHUIO U pacmdpoBaHmio AaHHbiX. C  MCNonb3oBaHMEM
dyHKUMn 6noka annapaTHOW MNOAAEPXKM LUMPPOBaAHMSA CKOPOCTb LUMpoBaHuA gocturaeT 8
M6uTt/c. CneumanunanpoBaHHbIn nHTepdenc k BHewHen NAND Flash namatn nogaepxusaet
LUMPOKNI CMEKTP MUKPOCXEM MaMsATM AaHHOro knacca ¢ obbemom namatun oo 4 lvrabwur.
BCTPOEHHbIV B MUKPOKOHTPOSINEP PEryNATOp HaNpsKeHUst NO3BONSAET OCYLLEeCTBAATb NUTaHue
MUKPOCXEMbI ~ MaMATU  HENnocpeaCcTBEHHO OT  MUKpPOKOHTpomnnepa. PeanunsoBaHHad
HenocpeacTBEHHO Ha KpucTanne MUKpokoHTponnepa namsate EERPOM pasmepom 256 6ant
nMeeT annapaTHble MeXaHuU3Mbl 3alinTbl OT 3anuMcu U CTUpPaHUs, YTO NO3BOSISIET 3aJaBaTb
Ka>XOOMYy YCTPOUCTBY YHUKaNbHbIN MOEHTUPUKALNOHHBLIA UM CEPUNHBIA HOMEP WUITU XPaHUTb
Kakyto nMbo KnoyeByro nHdopMaumio. Tak e Ha MUKPOKOHTPONSiepe peanvu3oBaH psag Apyrnx
Moaynen: MHOrO(YHKLUMOHAmNbHbIM  TanMep/CYeTUNK, TaKTOBbIA reHepaTop, CTOPOXEeBOW
Tanmep, cxembl cbpoca wu T.4. Mukpocxema Bbinyckaetcs B 48  BbIBOOHOM
MeTannokepaMmn4yeckomMm Koprnyce c npuemkon «5» un B 64 BbiBogHOM LQFP kopnyce B
NMHOYCTPUanbsHOM U KOMMEPYECKOM UCTONHEHNN.
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Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),

K1886BE3(31)Ql, K1886BE3(31)H4
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Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),
K1886BE3(31)QIl, KI886BE3(31)H4

YKasaHus no NMPUMEHEHUIO N SKCNJNyatTauuun

Mpn peMoHTe annapaTypbl 1 U3MEPEHUN NAapPaMeTPOB MUKPOCXEM 3aMEHY MUKPOCXEM
Heo6Xxo4MMO NMPOBOAMUTL TOMBKO NPW OTKIMIOYEHHBLIX NCTOYHUKAX NUTaHMUS.

NHCTpyMEHT [ns nankm (CBapku) WM MOHTaXa He [OIfKeH MMeTb MnoTeHuuan,
npesbiwatowmin 0,3 B oTHOCUTENBHO WKHBLI "O0LWmMiA".

3anpewaeTca noaBedeHMe Kakmx-nmbo aneKkTpuYecknx curHanos (B TOM YuUCne LWKH
"Mutanne", "O6wuin") K BbIBOOAM MMUKPOCXEM, HEUCMNOSIb3YEMbIM COrfacHO CXeme
ANEKTPUYECKOMN.

He3agencTBOBaHHbIE B CXEMOTEXHUMYECKOM  pelleHUW  BbIBOAbl  MUKPOCXEMbI
Heob6Xxo4MMO MnoAknoYaTb K NUTAHUIO UMK 3emMne, Npu 3TOM PeKoOMeHAyeTCs MCNonb3oBaTb
TOKOOrpaHn4yMBaloLmMe Pe3NCTOPbl HOMUHANIOM He MeHee 55 KOM.

C uenb0 NOBbIWEHUS  HAAEXHOCTWM  pekoMeHAyeTca  MnpuHMMaTb  Mepbl,
obecneunBaroLlLMe MUHUMArNbHYO TemnepaTypy Harpesa Koprnyca MUKPOCXEM W 3aluTy OT
BO34ENCTBUS KIMMATUYECKUX DAKTOPOB, @ UMEHHO:

— obecneyeHne paboTbl MUKPOCXEM B OBMNErYeHHbIX ANEKTPUYECKUX U TEMNEPATYPHbIX
pexumax;

— ynyJleHne BEHTUNALNN, paunoHanbHoe pasMeLleHme MMKPocxem B Bnokax;

— NPUMEHEeHne TeNNOOTBOAALLMX NaHeNen 1 3KpaHoB.

Mopsaok nodaYn W CHATUSA  HanpPshKeHUs NUTaHUs W BXOAHbIX CUrHanoB Ha
MUKpPOCXEMY:

— nopaya (BKMHOYEHNE MUKPOCXEMbl) — OBLWMA, NUTaHWe, BXOAHble CUrHanbl WMu
OOHOBPEMEHHO;

— CHATME (BbIKINOYEHNE MUKPOCXEMbI) — OJHOBPEMEHHO UMM B 0GpPaTHOM NOPSIAKE.

[AnanasoH pabounx TemnepaTyp nNpu MAPOrpaMMMPOBAHUN U CTUPAHUN NaMSATU
nporpamm ot 0°C go 70°C.

KonnyecTBo LMKNOB 3anucu/ctupaHns AaHHbIX namsat nporpamm — 1000.

[dnanasoH pabounx TemnepaTyp Npu 3annucm n cTupaHnm namaT gaHHbix EEPROM ot
MuHyc 60 go 85 °C.

KonnyectBo uuknos 3anucu/ctupanna gaHHeix EEPROM — 10 000.

BeposTHOCTb OTKasda otgenbHon sdenkn ICIIM3Y namaty nporpaMmm M namsaTm
JaHHbIX  BO  Bpem4 uMKkna  3anucu/cTupaHusi  OaHHbiX  He  bonee n-3-107,
rge: N — YMCrio UMKINOB 3annucu CTUpaHus

Cpok xpaHeHusa nHgopmaumm B SCIMIMN3Y namatn nporpaMmm 1 namatu AaHHeix 10 net
npu Temnepartype pabotbl 85 °C.

3aBMCMMOCTb BpeMeHn XpaHeHus aaHHbix B QCIMN3Y namsaTtu nporpamm oT paboyen
TemnepaTypbl NpusBeaeHa Ha Puc. 5.

PekomeHgyemas cxema nogknioyYeHns nutaHusa npuseneHa Ha Puc. 6.

[onyckaeTcsa HarpyxaTb BblBOAblI MOPTOB BBOA4A-BbIBOAA Tokamu Oonblue 4yem 6 MA,
HO He 6onee 4Yem 10 MA Ha BbIBOA U He Bonee Yem 50 MA Ha rpynny BbIBOAOB OOQHOrO nopTa, a
TakKke TnMpu YCIrOBUM COXPaHEeHUs npenenbHO-AOMYCTUMOro pexuma Mo Harpy3odHowm
CMoOCoOBHOCTK BbIBOAA MO TOKY.
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Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),
K1886BE3(31)QIl, KI886BE3(31)H4

120
110 *
100 \
90
80 A
70
60
50
40
30
20
10
0

Bpems xpaHeHuss gaHHbIX B QCMM3Y,
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Temnepartypa kpucrtanna, C

Puc. 5 3aBncumocTb BpemMeHu xpaHeHus gaHHblx B QCIMN3Y namaTtu nporpamm ot paboyen
TemnepaTypbl Kpuctanna

—
cL c2 5 T T~ U
Ucc U U 32 cc
te=| = N | 37== c5
csT GND GND 31
12 43
ha 13 Ucc Ucem 44_f_ c6
& GND GNDy, 1
Cc4 26 38 R ¢7 Uccr
T e HH cs
GND . GND UCCPZ d

Puc. 6 PekomeHgyemas cxema nogkmo4eHns nuTaHns
C1 — He meHee 22 MKd, He MeHee 7 B;
C2...C8 — He meHee 0,1 Mkd, HE MeHee 7B
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Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),
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OnucaHve (pyHKLMOHUPOBAHUA MUKPOCXEMDI
BCTpOEHHbLIN TaKTOBbIU reHepaTop

MWKPOKOHTPONSIEP UCMONb3yeT ABe TaKTOBbIX YaCTOTbI:

e riepBas - 4NA MUKPONPOLIECCOPHOIo A4pa U nepndepumnHbiX Moaynen,
e BTOpas - onsa KoHTponsnepa USB.

B cooTtBeTcTBMM cO cneundukaumnen wnHel USB TakToBas 4YactoTa Ansg KoHTponnepa
USB pomxHa 6biTb 48 MMy npu paboTte B pexxume Full Speed, n 6 MI'y npu pabote B pexnme
Low Speed. [aHHaa 4acTtoTa [OfKHa nogaBaTbCs OT BHELWHEro reHepaTtopa Ha BbIBO[,
USBCLK.

TakToBas 4actoTa Ons MWUKPOMPOLECCOPHOro aapa M octaribHOW nepudepun Moxet
BapbupoBaTtbca B npegenax go 33 Mlu. N moxeT Kak nogaBaTbCa OT BHELLHEro reHeparopa,
Tak U PopMUPOBATLCS BHYTPU MUKPOKOHTpornnepa. 'eHepaTop Ans hopMmnpoBaHms TakToOBbIX
CUrHaNoOB COAEPXUTCA Ha KpucTanse MUKPOKOHTposinepa. YeTbipe nepuoga TaKTOBbIX
CUrHarnoB reHepaTopa COCTaBNAT LMK BbINOSIHEHNSA KOMaHAbI.

[eHepaTop MUKPOKOHTpoOMnepa MoXeT paboTaTb B 4YeTblpex pexumax. Pexunmbl
BblbupatTca nporpammmpoBaHnemM [OByx 6utoB koHdurypaumm FOSC1 m FOSCO npu
nporpaMmmMupoBaHMM MUKPOKOHTposiepa. BoamoxeH BbIGop cnefyowmx pexxmmMoB:

e LF - pexum paboTbl MUKPOKOHTPOSSIepa Ha TaKTOBOM 4acToTe paBHOM S 4acToThbl
KoHTponnepa USB;

e XT - reHepaTop C BHELHMM KBapLEBbIM UNN KepamMUYeCKMM pe3oHaTopoM (4YacTtoTa [0
33 Mlu);

e EC - pexvm nogayn BHELIHEro TaKTOBOro curHamna (KoHdurypauus reHepaTtopa no
YMOS4aHuo);

e RC - RC reHepaTtop ¢ yactoton o 4 MI'y (nogkrnoyaeTcsa BHELLHAS YacToTo3ajarouwas
RC uenouka).

Mpn BbINONHEHMM KomaHabl SLEEP TakToBbLIM reHepaTop BbIKNHOYAETCsl, YMEHbLUas
notpebnsaembin Tok. COCTOSIHNE BHYTPEHHErO TAaKTOBOrO CUrHana cooTBeTCTByeT TakTy Q1.

Mpn noctynneHun curHana «cbpoc» oT BbiBoga MCLR npu HopmanbHOM paboTe
MUKPOKOHTpPOMiepa TakTOBbI reHepaTop He BbIKNO4YaeTCs.

Ucnonb3oeaHue Keapueeo2c0 UJiu KepaMu4eCKO20 pe3OHamopa

B pexunme TakTtOoBOro reHepatopa XT, KBapueBbll WX KepamMU4ecKun pesoHaTop
nogcoeanHsietca k BbiBogam OSC1 _CLKIN un OSC2 CLKOUT. TleHepaTtop Tpebyet
NCMNONb30BaHNSA KBapLUEBbLIX PEe30HaTOPOB C MapannenbHbiM pe3oHaHCOM. Wcnonb3oBaHue
pe3oHaTopoB C nocnefoBaTesflbHbIM PE30HAHCOM MOXET MPUBECTU K MOSTYYEHUIO TaKTOBOW
4YacTOTbl He COOTBETCTBYHLLEW MapamMeTpam pesoHaTtopa. [ns 4actoT npesblwarwmx 24
My, KBapueBbI pe3oHaTop OObLIMHO paboTaeT Ha 4YacToTe rapmMoHuku. B aTtom cnyvae
TpebyeTcs pPe30OHAHCHbLIN KOHTYP, 4YTOObI YMEHbLUMTbL YCUSIEHME Ha YacToTe OCHOBHOW
rapmMoHukn. Ha Puc. 7 nokasaHbl NpMepbl CXeM NOAKNIYEHNS pe30HaToOpPOB.

Mpy BKNIOYEHUN HAMNPSHKEHUSA MUTAHUS, TaKTOBbLIM FEeHepaTop HavyHeT reHepauuto
curHana. Bpemsa Heobxogmmoe ans 3anycka reHepatopa 3aBMCUT OT OONbLLOro Konm4yecTea
drakTopoB. B MX 4MCro BXOOAT: YacToTa pe3oHaTopa, EMKOCTb UCMNOMb3yeMbIX KOHAEHCAaTOPOB
(C1 wn C2), cKOpOCTb HapacTaHMA HanpskeHWs nuTaHuga, pabodas TemnepaTypa,
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COMPOTUBIIEHNE PE3NCTOPA, €CNN OH MOLKITYEH, PEXMM TaKTOBOro reHepatopa (KOTopbi
BblIOMpaeT KOIPPULMEHT YCUNEHN BHYTPEHHErO MHBEPTOpa). HanpsikeHne nonHoro pasmaxa
BbIXO4a TAKTOBOro reHepaTtopa MoXeT OblTb AoCcTaTo4YHO ManbiM (MeHee 50% ot UCC) noka
BpeMeHHas agnarpaMmma TakToBoro curHana ueHtpupyetcs k UCC/2.

BHelwWHNN TakTOBbLIN reHepaTop

B pexnme BHewHero reHepatopa (EC), Ha BBog OSC1 moxeT ObiTb NogaH BHELUHWUN
TakToBbI curHan ¢ KMOI ypoBHsmu. B atom pexunme, Bxogq OSC1_CLKIN nmeet Bbicokoe
BXOoOHoe conpoTtmeneHue, a BbiBog OSC2_CLKOUT gaensetcs Bbixogom CLKOUT (Fc/4). B
KayecTBe reHepaTtopoB MOryT ObiTb WCMNOMb30BaHbl [FOTOBbIE MOAYNW rEHepaTopoB,
obecneunBaroLme LWNPOKMIA Habop TaKTOBbLIX YAcTOT U CTabuibHblE NapaMeTpbl.

[na TakTMpoBaHUS MUKPOKOHTPOSIepa MOXHO WCMOMb30BaTb BHELWHUW reHepaTop
TakTupoBaHus koHTponnepa USB (pexum LF). Beisog OSC1 B 3TOM criydae MOXeT OblTb He
nogcoeanHeH. Ha Bxog USBCLK pomkHa nogaBaTbcsa TaktoBasa yactota ans pabotel USB B
3ajaHHOM pexume. PyHKLMOHMPOBAHME MUKPONPOLECCOpPHOro aapa OyaeT OocyllecTBNATLCA
Ha 4YactoTe USBCLK geneHHon B gBa pasa. Ecnu koHTponnep USB He ncnonbayeTcs, To BXxoq
USBCLK posmkeH nogcoeanHATLCS K JTOrMYeCKoOMy HYIH.

B pexume BHelwHero reHepatopa (EC), npu pabote koHTponnepa USB B pexunme Low
Speed, TaktoBasi Yactota 6 MI'y MoxeT ogHOBpeMeHHO nogaBaTbcd Ha Bxoabl USBCLK wu
OSC1_CLKIN.

—C|:I 0SsCc1 —c|:;I 0SC1
1 ' | !
= =
C2 T Rs C2 T
———{ 0SC2 — 0SC2
— _"_NV\_
1 c3 L1
Puc. 7 MNogkntoyeHne pesoHaTtopa. Cxema cnpasa - Ansi pe3oHaTopa pabdoTatoLllero Ha
rapMoOHUKax.

[pumeyaHrus:

Pesnctop Rs moxeT noTpeboBaTbCst ANA HEKOTOPbLIX TUMOB PE30HATOPOB.

MapannenbHbii pe3oHaHCHbIN KOHTYP L1C2 oThunbTpoBbIBAET OCHOBHYHO YacToTY:
(2pf)2 = 1/(L1*C2).

C3 (0.1 MKd) NpenaTcTByeT NPOTEKaHMIO MOCTOSIHHOIO TOKa Ha 3eMITHO.

[nsa pe3oHaTtopoB HeobxoaMMbl BHewwHMe koHgeHcaTopbl C1 n C2 (cmoTpute
crnpaBoyYHble nNapameTpsbl). [py pacyeTe eMKOCTN KOHOeHcaTopa HeOBX0aUMO yYnTbIBaTh
€MKOCTb neyaTHon nnaTtbl. bonblwas emMkoCcTb yBennumBaeT CTabunbHOCTb reHepaTtopa, HO
yBENUYMBaeTCs BpeMs 3arnycka U TOK reHepartopa.
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Pexxum RC 2eHepamopa

B npunoxeHunsax, He Tpebylowmx BbICOKOCTabUIbHOM TakTOBOW 4YacTOTbl, MOXeT ObiTb
ucrnonb3oBaH pexmm RC reHepaTtopa, KOTOPbIA MO3BOMSET YMEHbLWUTb CTOMMOCTb
yctponctea. Yactota RC reHepatopa 3aBUCUT OT HanpshHkKeHUss NUTaHUA, 3HavYeHus
NOOKITIOYEHHbLIX BHELUHUX COMPOTMBAEHUA U €MKOCTW, U OT paboyen Temnepatypsbl.
HdononHutenbHo 4actota OyaeT BapbuMpoBaTbCA B HEKOTOpPbIX  npedenax  wus-3a
TexHonormyeckoro pasbpoca napameTpoB Kpuctanmna. Takke Ha 4acTtoTy O6yayT BNuUSATb
€MKOCTM Mexay BblBOAAMW Kopryca M AOPOXKaMW neyaTHOW nnatbl, 0COOGEHHO npu Marbix
3Ha4YeHUsX EMKOCTU BHELLHEro koHaeHcatopa. HeobxoanMmMo yumTbiBaTb M TEXHONOMMYECKUI
pa3bpoc napameTpoB BHeLLHNX komnoHeHToB R 1 C. Ha
Puc. 8 nokaszaHa cxema nogkntoydeHnss RC  uenoykm K  MWUKPOKOHTponnepy. [Onsa
COMpOTUBNEHNA pe3uctopa MeHblie 2.2 KOM YyacToTa TakTOBOro reHepaTtopa MOXeT ObiTb
HecTabunbHa MNU reHepauusi MOXeT npekpaTuTbes. [0ns o4eHb GOoMbLIOro ConpoTMBEHUS
pesuctopa (bonee 1 MOM) reHepaTop TaKTOBOIro CuUrHana CTaHOBUTCS YYBCTBUTESEH K
BHELLHMM MOMexaM, BRaXHOCTM W YyTeuykm Toka. [loaToMmy, pekomeHayeTcs BblOMpaTtb
BeNuUuHy conpotmeneHuns pesmctopa ot 3 go 100 KOm. NeHepaTtop MoxeT paboTaTb 6e3
BHELLHEro KOHAEHcaTopa, HO PEKOMEHAYETCHA UCMNOSb30oBaTb KOHAEHCATOP C EMKOCTbLIO Bonee
20 n® pgna crabunbHom paboTbl reHepaTopa. be3 BHelwHero koHaeHcaTopa, WU ecnu
KOHOEHCcaTop MMEET OYEHb Maryl €MKOCTb, YacToTa reHepaTopa MOXET BapbMpOBaTbCs U3-
332 U3MEHEHUN BO BHELLUHNUX €MKOCTSX, TaKMX Kak eMKOCTM NPOBOAHMKOB MeYaTHOM nnaTbl Unn
BbIBOAOB KOMMOHEHTOB.

B pexnme RC reHepaTtopa Ha BbiBoge OSC2_CLKOUT dhopmMupyeTcst TakTOBbIN CUTHAT
c yactoton FOSC/4.

eHepaTop B pexume RC HaumHaeT popmupoBaTb TaKTOBbIN CUrHaAM cpasy nocrne
AOCTMXKEHUS1 HaNpPshKEHMEM NUTaHMS MOpPOroBoro ypoBHA. Bpemsa 3anycka RC reHepaTtopa
3aBUCUT OT psida (PakTOpoB: COMPOTMBIEHUA pe3ncTopa, eMKOCTU KOHOeHcaTopa, CKOPOCTU
HapacTaHUsA HaNPsXKeHUs NUTaHus, TemnepaTypbl U T.A4.

Ucc
R

0sC1
. L
I -=— 0S(C2
Fc/4

Puc. 8 Cxema BkntoveHus B pexxume RC reHepartopa.
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CVIHXpOHVI3aI.|I/IF| BbINOJIHEHUA KOMaHAbI

Bbixog TakTOBOro curHana pasgensieTcss Ha 4 HenepecekarLlMXcs KBagpaTypHbIX
TakToBbIX curHana, umeHyembix Q1, Q2, Q3, Q4. lNMporpammHbI cdeTyunk (PC) yBennyusaetcs
B Takte Q1, a BblibOpka KOMaHAbl M3 MPOrPAMMHOM MaMsiTU U COXpPaHEHUE ee B perncrpe
KOMaHA4 MpPOUCXOAMT No cuHxpocurHany Q4. KomaHga gekogmpyeTcs U BbINOSHSETCA B
TeyeHue unknos Q1-Q4. TakToBble cUrHasnbl 1 BbIMOMIHEHNE KOMaH NoKas3aHo Ha
Puc. 9.

Linkn BbINONHEHNA kOMaHAbl cocTouT 13 YeTbipex Q umknos (Q1, Q2, Q3, Q4). Buibopka
N BbINOSIHEHME KOMAaHA NPOUCXOOAT KOHBEWEPHbIM CMOCOOOM, T.€. BblOOpKa OOHOM KOMaHAb!
ncnonb3yeT TOT XKe LMK, YTO U AeKoaMPOBaHWE U BbINOMHEHUE ApYyron koMaHabl. bnarogaps
KOHBeVepHon 00paboTke KOMaHA, Kaxaas WHCTPYKUMST BBIMOMHSETCA 3a ofauH umkn. Ecnu
KOMaHOa M3MeHSIeT cYeTyMK KoMaHa (KomMaHAbl BETBREHUS), TO ANS BbIMNONHEHUS KOMaHAbI
TpebyeTca ABa uukna, Tak kak Heo6XoaMMO yaanuTb BblbpaHHY0 KOMaH4y 13 KOHBenepa (CM.
Puc. 10). Bo BpemMsa yganeHus BbibnpaeTcs HoBasi KOMaH4a, 1 3aTeM OHa BbIMOSTHAETCS.

Livkn BbIGOpPKM KOMaHAbl HAYMHAETCHA C NPUpAaLLEHMs cYeTYMKa koMaHg B Takte Q1. B
LMKMe BbINOMHEHMST KOMaHAbI, KOA 3arpy>keHHOW KoMaHAbl moMeLaeTcsa B permctp komang IR
Ha TakTe Q1. [lekogmpoBaHMe U BbINONHEHME KOMaHAbl npoucxoauT B TakTax Q2, Q3, Q4.
OnepaHa 13 namaTM AaHHbIX yMTaeTcs B TakTe Q2, a pesynbTaT BbINOMHEHUS KOMaHAbl
3anucbiBaeTcs B TakTe Q4.

Q1/Q2|Q3|Q4|Q1,Q2|Q3 Q4 |Q1Q2|Q3 | Q4
OSC1 L/ /7 7 T T T T T s Ty

Q1 )/ Ty Ty,

Q2 | T a—

Q3 P ST N

Q4 S A S

PC FC P Fead
0SC2 .

RC L O N
reHepaToOp
EBIDORKS MHCTRYELWAR (PO
BEINONHEHKE MHCTRYEUMIA (PC-1] BEIDORKS MHCTRYELAR (P41
BEINOAHEHIHE HHCTRYKURM (PO BEIDOpKS MHCTRY KL (PC+20

EBINONHEHWE MHCTRYELAKM (PC+1)

Puc. 9 CMHXpOHI/I3aLI,I/19I BbINOJIHEHNA KOMaHAbI
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TCYO TCY1 TCY2 TCY3 TCY4 TCY5
BblGOpKa BbIMONTHEHNE
komMmaHAabl 1 komMmaHAabl 1
BblGoOpKa BbINONHEHNE
KoMaHabl 2 KomMaHabl 2
BblGOpKa
BbIMOSIHEHNE
komaHze! 3 KomMaHabl 3
(CALL) A
BblbOpkKa HeT
KomaHabl 4 BbINOMNMHEHUS
BbINONMHEHNE
BblGopKa
komaHabl 1
KomaHabl 1 n3 3
:IonnporpaMM nognporpamm
bl
BblGopKa
KoMaHabl 2 13
nognporpamm
bl

Puc. 10 KoHBenepHoe BbINOSIHEHNE KOMaHA

Cxema cOpoca MUKpPOKOHTponnepa

MWKpOKOHTPONMEpPbI pasnuyatoT cnegyowme sBnapl copoca:
cOpocC No BKITOYEHWNIO NUTAHMS;
cOpOoC N0 CHWKEHWNIO HANPSHKEHUSI NMUTAHNS;
cbpoc no BHewHemy curHany MCLR;
cbpoc No NepenosiHEHNIO CTOPOXEBOro Tanmepa.

HekoTopble pernctpbl He M3MeHsTCA nocne cbpoca: nocne cbpoca no BKKOYEHUIO
NATaHUSE OHW codepXaT Heu3BeCTHOe 3HadeHuwe, a nocne nwboro apyroro cbpoca wux
COCTOSIHME OCTaeTCd Heu3MeHHbIM. BOonblMHCTBO OpyrMx perucTpoB rnepeBoaAaTcs B
onpeaeneHHoe coctosiHme no cbpocy. butel TO n PD npvHMmaloT onpeaeneHHble 3Ha4YeHus
npv pasnuyHbIX Bugax cobpoca, kak nokasaHo B Tabnuua 3. 311 61Tl B COEaUHEHUN C BUTaMm
POR n BOR, ncnonb3syttcsa B nporpammMHoM obecneveHun ansa onpegeneHuns suga cébpoca. B
Tabnuua 5 npefcraBneHo onucaHme Bcex BMAOB cOpoca Anis BCeX perMcTpos.

Mpy nocTtynneHum curHana «cbpoc» perncTpbl HampaBneHus nepedayn CUrHanos
(DDR)  ycraHaBnuBatoTcs B «1», nepeBogs  BbiBOAbl MNOPTOB B COCTOSHME
BbICOKOMMNEAaHCHbIX BxogoB. CocTosiHe cbpoca HEKOTOpbIX MNepudEepunHbIX Moaynen
MOXEeT NepeBecTV BbiBOAbI NMOPTOB B APYrne COCTOSIHUA, Hanpumep, TakMe Kak aHanoroBble
BXOAbl NN CUCTEMHASA LUMHA.

B cocTosiHum «cBbpoc» BbIXO4 BHYTPEHHEro TakTOBOrO CurHana COOTBETCTBYET TaKTy
Q1. Ecnn MUKPOKOHTPOSNEP HAaXOAUTCHA B PEXUME «PaCLUMPEHHOrO MUKPOKOHTPOMNepa» unm
«MUKporpoueccopa», TO BO Bpemss «cbpoca» Ha BbiBoge PEO/ALE/TXDP ©ygert
NPUCYTCTBOBaTb HWU3KUA NOMMYECKUA YPOBEHb BbIXOOAHOro curHana, a Ha PE1/OE/TXDM u
PE2/WR/TXOE BbICOKMIA YPOBEHb.
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YnpouieHHas 6ok-cxema cxeMbl copoca nokasaHa Ha Puc. 11.

MCLR BHE W HIE chpoc
= o
MDY b
CTOROHEEBOM TaHMEpDS
Uce
Moy e COpoca No =
CHMHEHMIO MATEHMA
B HYy TREHHMIA
MLy N CApoca No chpoc
EKNKYEHMID MMTaHKA R ] e
Q=

= I|>C 10-TH pE3HARHEIR
CHETHME

TAHMERD ZENYCKS TEHEpATORA

CHIHAN
pAGpEL EHM A

RC 10-TK pasp AnHEI
TEHERETOR CHETHIEK

TEII:'II'u'IEFI EENHIYEHWA MWTIHKWA

CHIrHan

paspEWEHKMA

Puc. 11 YnpolieHHas 6nok-cxema BCTPOEHHON cxeMbl cbpoca

Copoc no éxknwuenuo numanus

Cxema cbpoca no BKIIOYEHWUIO MUTAHUSA YOEPXKUBAET MUKPOKOHTPOSMSEP B COCTOSIHUM
«cbpoc» OO0 Tex Mnop, Noka HanpskeHne NUTaHUA He OOCTUrHeT OnpenerieHHOro YpOBHS
(npumepHo 1.4 — 2.3 BonbTa). bnarogaps aton cxeme, B psige NpPUNoXeHUn MOXHO 060MTUCH
6e3 BHewHen RC uenoykun, nogknovaemon k BoiBogy MCLR. B atom cnyyae BbiBog MCLR
NOAKMNIOYaEeTCH Yepe3 pPesncTop UMM HanpsMyko K HanpskKeHuto nuTaHus. BHewHaa cxema
«cbpoca» (cm. Puc. 12) notpebyetrcs TONbKO B Crlydae HWU3KOW CKOPOCTM HapacTaHud
HaNpsHKeHUs NUTaHNS.

Ucc

D R

1

MCLR

m——  R2

T

Puc. 12 BHelwHaa cxema «cbpoca» No BKKYEHUIO NUTaHNS

[MpumeyaHrue:

Avog D npegHasHaveH Ana ObiICTpoOW paspsgkM  KOHAeHcaTtopa MpU  CHUDKEHUM
HanpskeHust nuTaHms. ConpoTmBneHune pesmcrtopa R1 pekomeHayeTca Boibmnpatb He 6onee 40
KOm (4Tobbl MageHve HanpskeHus Ha pe3ncTope, n3-3a TokoB yTeukun BeiBoga MCLR/Upp, He

© AO «[l1KK MunaHOp» TCKA.431295.003Cr1 21



Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),
K1886BE3(31)QIl, KI886BE3(31)H4

npesblwano 0.2 B). Peanctop R2 npegHasHayeH ans orpaHndeHunsa Toka vepes BbiBog MCLR,
pekomeHgyemas BenudnHa 100 Om — 1 KOwm.

Taumep eknroyeHuss numaHusi PWRT

Tanmep BKMOYEHUA NUTaHMA obecnedMBaeT 3afepXKKy BKAOYEHUS (HOMUHanbHoe
3HayeHne 96 MC) Mo curHany cxembl cbpoca BKMOYEHUA NUTaAHUSA. OTO MPOUCXOOUT nocne
poHTa BHYTPEHHEro curHana «cbpoca», unu nocne dgpoHTa curHana MCLR. Tanmep
BKMOYEHUSA nuTaHusa pabotaet Ha BHyTpeHHeMm RC reHepatope. B TeyeHune 3TOro BpemMeHu
MUKPOKOHTPONNEp YAEPXKMBAETCA B COCTOsiHMM cBpoca. B 6GonbliMHCTBE crniyvyaeB aTa
3afilepXka Mo3BONSAET HaMpPsHKEHUIO MUTaHUA OOCTUrHYTb HOMUHAnbHOro 3HadeHus. Bpewms
3a[epPXKKM BapbMpyeTCst OT MUKPOKOHTPOMepa K MUKPOKOHTPOSNEPY M 3aBUCUT OT BESTMYUHBI
HanpsbKeHust NuTaHna U Temnepatypbl. CMOTpUTe Tabnuuy napameTpos.

Talimep 3anycka 2eHepamopa

Tanmep 3anycka reHepatopa obecneymBaeT OOMOMHUTENBHYIO 3aaepXKy B 1024 Takta
reHepaTtopa MOcCfe OKOHYaHWA 3adepXKM OT TahmMmepa BKMAYEHUA MNUTaHUS WU BbIXO4a
MUKpOKOHTponnepa n3 pexxuma SLEEP B pexumax XT nnu LF. Tanmep BKNIOYEHUA NUTaAHUS U
TanMep 3anycka reHepartopa paboTaloT nocrefoBaTenbHO. Tanmep 3anycka reHepaTopa
cyuuMTaeT  Kaxablh  MMNynbC reHepatopa Ha Bxoge OSC1. CyeTyuk HauvmHaet
WHKPEMEHTMPOBATLCA MOCMe TOro, Kak aMmnnuTyda curHana reHepartopa LOCTUrHeT nopora
BXogHoro bydepa. 3agepkka rapaHTMpyeT ctabunmnsauuio 4acToTbl reHepaTopa C KBapLeBbiM
pe3oHaToOpOM npexae, YeM YCTPOMCTBO BbINAET U3 pexunma cobpoca. AnutenbHOCTb 3a4epKKu
3aBMCUT OT YacTOTbl pe3oHaTopa.

Ha Puc. 13 nokasaHa paboTa cxembl Tanmepa 3anycka reHepaTtopa (pacnpegeneHve
BpeMEHU Npu 3anycke reHepartopa). Ha aToM pUCyHKe nokasaH HM3KOYaCTOTHbIN reHepaTop,
BpeMs 3anycka KOTOpPOro He MpeBblaeT 3adepXKy TarvMepa Mo BKIAYEHW0 nuTaHus. Ha
pucyHke: TOSC1 - Bpemsi, Tpebyemoe KBapLieBOMY reHepaTopy Ans 3anycka.

HanpaxeHue
NUTaHKA /
MCLR A

08C2

R | 1024 Tosc

sanycka
reHepaTopa

I
I
Talimep I
I
]

Tanmep I
BKNIOYEHMA I
NUTaHMA

BHY TREHHMI |

cBpoc

Puc. 13 Bpems 3amycka remeparopa
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Ilocnedoseamenvrnocmo yoepicanus MUKpOKOHMPO1Epa 6 COCMOAHUU cOpoca

Mpn BKNIOYEHUM NMUTaAHUA BbINOSHAETCSA creayolasa nocnegoBaTenbHOCTb yaepXKaHns
MUKPOKOHTpOMfepa B COCTOSHUM cOpoca: BHYTPEHHMW CUrHam «cbpoca» MO BKIYEHUIO
NATaHUSA yBENMYMBAETCH, MOKa He OOCTUrHEeT noporosoro yposHs. Ecnu curHan MCLR
Haxo4uTCs B BbICOKOM YPOBHE, TO HaudMHaeT paboTaTb TanMMep BKOYEHMS MUTaHWS, Nocrne
TOro, Kak OH OTCYMTaeT MOSIOXKEHHOEe BPeMs, BKINIOYaeTCa TaMep 3anycka reHepartopa, ecnm
MCLR B HW3KOM ypOBHE, TO TalnMmepbl 3anyckatoTca nocne poHTa atoro curHana. O6bI4HO
3afiepXka OT TarvMepa BKMOYEHUS nuTaHus 6onblue, 3a WCKMIYEHMEM HU3KOYACTOTHbIX
KBapueBbIX pe3oHaTopoB. OOLlee BpeMsi 3a0epXKU Takke M3MEHSieTcsa B 3aBUCMMOCTU OT
KOH(purypaumm reHepatopa. B Tabnuua 2 nokasaHO BpeMs 3a4epXXku, B 3aBMCUMOCTU OT
KOH(purypaumm reHepaTopa. Ha Puc. 14 otobpakeHbl nocnenoBaTenbHOCTN 3afepxek.

Ecnn HanpsbkeHne nuTaHuMs  YCTPOMCTBA HE  COOTBETCTBYET  cneumdukaumnm
ANEKTPUYECKMX XapaKTEPUCTUK MOCIe OKOHYaHUS 3adepXKn OT TauMepoB, TO Ha BbIBOAE
MCLR_Upp gomkeH npucyTCTBOBaTb HU3KUIN JTOTMYECKNIA YPOBEHb, NOKA HanNpsiXXeHne nNuTaHns
He OOCTUrHET HOMWHAIbHOro 3HavyeHud. [na 60nbWMHCTBA CXEM 4OCTAaTOYHO UCMNOSIb30BaHUSA
BHewHen RC uenoyku.

Ecnn curHan cbpoca ot MCLR nopgaetca BO BpeMd HopMasnbHOW paboThbl
MUKPOKOHTpOMMepa, TO MOCMe ero OKOHYaHUSA TauMmepbl BKMAYEHUS MNUTaHus M 3anycka
reHepatopa He paboTaloT, HO 3anyckaeTcsd TauWMep 3adepXkn Ha ObHoBreHue
KOH(UIypaUMOHHbIX OUT (TMNoBoe 3HayeHne 1 mc).

B Tabnuua 3 n Tabnuua 4 nokasaHbl COCTOSAHUSA Nocne cbpoca Ana HEKOTOPbIX BUTOB
N cneumanbHbIX Peructpos, B TO BpeMs Kak B Tabnuua 5 nokasaHO COCTOsiHME Mpu
MHULManu3aumm ans Bcex permcTpos.

Tabnuua 2

Bpems 3agepxkun npy pasnnyHbix Bugax coépoca

KoHdurypaumsn BknroyeHne nnm cHMxeHue Bbixoa n3 pexuma C6poc ot
reHepartopa HanpshkeHuUs NnuTaHusa SLEEP MCLR
XT, LF cymma 96 mc n 1024*TOSC 1024*TOSC 1 mC
EC, RC cymma 96 mc n 1024*TOSC - 1 Mc
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Ta6nuua 3
Butbl cTaTtyca un ux 3HadeHune nocne «cbpoca»
BOR (ecnu pa3spelueH c6poc no
POR | cHWXeHUuo NnuTaHus, nHave 3HaveHue | TO | PD Tun «cbpoca»
He U3BECTHO)
0 0 1 | 1 | COopocC No BKNHOYEHNIO NUTAHKUS
1 1 1 0 Bbixog n3 pexxuma SLEEP no
npepbiBaHUIO (CM. NpUMeYaHue.
C6poc ot WDT npu HopmManbHOM
1 1 0 | 1 | pexume paboTbl (CM.
npyMmevaHve)
1 1 olo Bbixoa n3 pexxuma SLEEP ot
WDT (cm. npumeyaHme)
1 1 111 C6poc ot MCLR (cm.
npumMmeyaHme).
1 0 111 CBpocC N0 CHMXKEHUIO HANPSHXKEHUS
nUTaHUs
X X 1 1 | BbinonHeHue komaHabl CLRWDT
[lpumeyaHue:

[lns oTMeYeHHbIX BUAOB «cbpocay, coOCTOsHUS GUTOB cTaTyca GyayT COOTBETCTBOBATb
npuBeAeHHbIM B Tabnuue, Ans cryyas, ecnv 6uTbl NpeaBapuTenbHO YCTAHOBMNEHbI B eAVHULLY.

Tabnuua 4
Ycnosus cbpoca nporpammHoro cdetymka un permctpa CPUSTA
Tun «cbpoca» PCH:PCL | CPUSTA(3) | 3agepXKa BKNHOYeHUSA
C6pocC No BKAIKYEHWNIO NUTAHUS 0000h | --11 1100 Cymma 96 mc n 1024*TOSC
COBpocC No CHMXEHUIO HanpskKeHust 0000h 11 1110 Cymma 96 mc n 1024*TOSC
nUTaHus
Cbpoc ot MPLR B pexunme 0000h | --111111(4) 1 mMC
HOpManbHOW paboThl
Co6poc ot MCLR B pexume SLEEP bonbliee n3 1 mc nnu
0000h | --111111(4) | (Tonbko ans pexumoB XT u
LF) 1024*TOSC
C6poc ot WVDT B pexume 0000h | --11 0111(4) Het
HOpManbHOW paboThl
C6poc ot WDT BO Bpemsi pexnma Ons pexumos XT u LF:
SLEEP 0000 | 11 0011(4) | % 5o4+10SC
Bbixoa 13 pexuvma GLINTD Onsa pexumos XT u LF:
SLEEP no YCTaHOBMEH PC+1 | -111011(4) | To24+TOSC
npepbIBaHNIO GLINTD _ Ona pexunmoB XT u LF:
cbpoLueH PC+1Q1) | --10 1011(4) 1024*TOSC

Obo3Ha4YeHus:

U = HEe USMEHAETCAH, X = HEe N3BECTHO, - = HE pearnim3oBaHoO, YNTaeTCA Kak «0»
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[TpumeyaHue:

1. Mpn «npobyxaeHun», BbINOMHAETCA 3Ta komaHga. [danee komaHaa Bblbupaetcsa B
COOTBETCTBUMN C BEKTOPOM MpepbIBaHUS, a 3aTeM BbINONHAETCA.

2. lMporpammHbIn cyeTumk = 0, TO eCTb YCTPOMCTBO NepexoauT K BekTopy cbpoca u
yCTaHaBnMBaeT perncTpbl B coctosiHne cobpoca no WDT.

3. 3HayeHune 6uta BOR n3BECTHO TONBKO €cnn paspeLleH COpPoC MO CHMKEHMIO MUTaHUS.

4. CocTosiHue cTaTyCHbIX BUTOB COOTBETCTBYET NpMBEAEHHbIM B Tabnuvue anga cnyyasa nx
npenBapuTenbHON YCTaHOBKM B €ANHULLY.

Hanp axeHWe HanpaxeHWe
NUTaHKWA g NUTaHKWA /*I
1
|
MCLR MCLR i
_S L
ledBMC_ leJBME
Talimep ¢ TaliMep :
BKNIOYEHMA l BKNOYEHMA I
NMTaHKWA - NUTaHKMA ]
i 1024 Tosc, i E1[]24 Tosc |
Talimep Talmep t
3anycka ] 1 3anycka | |
reHepaTopa l reHepaTopa |
1 1
BHY TPEHHMIA ’— BHY TPEHHMIA l_
cBpoc cBpoc

Puc. 14 lNocnefosaTtenbHOCTb yaepXaHnsa B pexxume copoca no BknoyeHuto nutadmsa. MCLR
noacoeauHeH K HanpsbkeHuo nutaHus (cnesa). MCLR He noakmntoveH K HanpshKeHUIo NMTaHus

(cnpasa)
Tabnuua 5
3HayeHuns perncTpos npu «cbpoce»
Copoc no Co6poc ot MCLR Bbixon un3
BKINOYEHUI0
unu ot pexuma SLEEP
Perncrp Appec MU CHNXXEHUIO
CTOpPOXeBoro no
HanpsXXeHus o
Tanmepa npepbiBaHUIO
nuTaHusa
BHe OaHka
INDFO 00h N/A N/A N/A
FSRO 01h 0000 0000 uuuu uuuu uuuu uuuu
PCL 02h 0000h 0000h PC+1(2)
PCLATH 03h 0000 0000 0000 0000 uuuu uuuu
ALUSTA 04h 1111 0000 1111 0000 1111 uuuu
TOSTA 05h 0000 000- 0000 000- 0000 000-
CPUSTA(3) 06h --11 1190 --11 qquu --Uu qquu
INTSTA 07h 0000 0000 0000 0000 uuuu uuuu(l)
INDF1 08h N/A N/A N/A
FSR1 09h 0000 0000 uuuu uuuu uuuu uuuu
WREG OAh 0000 0000 0000 0000 uuuu uuuu
TMROL OBh 0000 0000 0000 0000 uuuu uuuu
TMROH 0Ch 0000 0000 0000 0000 uuuu uuuu
TBLPTRL 0Dh 0000 0000 0000 0000 uuuu uuuu
© AO «lKK MunaHop» TCKA.431295.003CTr1 25




Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),
K1886BE3(31)QIl, KI886BE3(31)H4

Cbpoc no C6poc ot MCLR Bbixog ns3
BKITHOYEHUIO
Peruncrp Appec MU CHNXXEHUIO wnu or pexuma SLEEP
HANPSKEHMS CTOPOXeBOro no
Tanmepa npepbiBaHUIO
nUTaHuA
TBLPTRH OEh 0000 0000 0000 0000 uuuu uuuu
BSR OFh 0000 0000 0000 0000 uuuu uuuu
BaHk 0
EP1 CFG1 10h 0000 0000 0000 0000 uuuu uuuu
EP1 CFG2 11h 0000 0000 0000 0000 uuuu uuuu
EP2 CFG1 12h 0000 0000 0000 0000 uuuu uuuu
EP2 CFG2 13h 0000 0000 0000 0000 uuuu uuuu
- 14h
- 15h
- 16h
- 17h
BaHk 1
DESCR_ADR 10h 0000 0000 0000 0000 uuuu uuuu
DESCR_DATA 11h 0000 0000 0000 0000 uuuu uuuu
PORTA 12h ---- XXXX ---- Uuuu uuuu gqqqqg
DDRD(5) 13h 1111 1111 1111 1111 uuuu uuuu
PORTD(4,5) 14h XXXX XXXX uuuu uuuu uuuu uuuu
DDRC(5) 15h 1111 1111 1111 1111 uuuu uuuu
PORTC(4,5) 16h XXXX XXXX uuuu uuuu uuuu uuuu
- N e e
BaHk 2
EP1 REG 10h 0000 0000 0000 0000 uuuu uuuu
EP2 REG 11h 0000 0000 0000 0000 uuuu uuuu
NAND DATAZ2 12h 0000 0000 0000 0000 uuuu uuuu
CRPT DATA2 13h 0000 0000 0000 0000 uuuu uuuu
PIR1 14h --00 0010 --00 0010 --uu uuuu(l)
PIE1 15h --00 0000 --00 0000 --Uu uuuu
- I I e T e T T s
- N e e T T s
BaHk 3
EP1 STAT 10h --00 --00 --00 --00 --uu --uu
EP2 STAT 11h --00 --00 --00 --00 --uu --uu
- 12h
- 13h
EP1 CNT 14h -000 0000 -000 0000 -uuu uuuu
EP2 CNT 15h -000 0000 -000 0000 -Uuu uuuu
- 16h
- 17h
BbaHk 4
USB ADR 10h -000 0000 -000 0000 -Uuu uuuu
USB ERROR 11h 0000 0000 0000 0000 uuuu uuuu
USB STAT 12h -000 0000 -000 0000 -uuu uuuu
USB CTRL 13h --00 0000 --00 0000 --Uu uuuu
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Cbpoc no C6poc ot MCLR Bbixog ns3
BKITHOYEHUIO
Peruncrp Appec MU CHNXXEHUIO wnu or pexuma SLEEP
HANPSKEHMS CTOPOXeBOro no
Tanmepa npepbiBaHUIO
nUTaHuA
USB IE1 14h ---- 0000 ---- 0000 ---- uuuu
USB IE2 15h 0000 ---- 0000 ---- uuuu ----
USB IE3 16h 0000 0000 0000 0000 uuuu uuuu
USB IE4 17h ---- 0-00 ---- 0-00 ---- U-uu
BaHk 5
- I e e s
DDRE(5) 11h 1111 1111 1111 1111 uuuu uuuu
PORTE(4,5) 12h XXXX XXXX uuuu uuuu uuuu uuuu
RCSTA 13h 0000 -000 0000 -000 uuuu -uuu
RCREG 14h 0000 0000 0000 0000 uuuu uuuu
TXSTA 15h 0000 --10 0000 --10 uuuu --uu
TXREG 16h 0000 0000 0000 0000 uuuu uuuu
SPBRG 17h 0000 0000 0000 0000 uuuu uuuu
BaHk 6
NAND MODE 10h 0000 0000 0000 0000 uuuu uuuu
NAND DATA 11h 0000 0000 0000 0000 uuuu uuuu
- 12h | e | e e e
WRDIF 13h 0000 0101 0000 0101 uuuu uuuu
EERPOM_CONT 14h g000 0000 000 0000 uuuu uuuu
EERPOM MODE 15h 0000 0000 0000 0000 uuuu uuuu
EERPOM_DATA 16h 0000 0000 0000 0000 uuuu uuuu
EERPOM ADDR 17h 0000 0000 0000 0000 uuuu uuuu
BaHk 7
CRPT CWR 10h 0000 0000 0000 0000 uuuu uuuu
CRPT SR 11h 0000 0000 0000 0000 uuuu uuuu
CRPT DATA 12h 0000 0000 0000 0000 uuuu uuuu
CRPT KR 13h 0000 0000 0000 0000 uuuu uuuu
CRPT CR 14h 0000 0000 0000 0000 uuuu uuuu
CRPT_SYNR 15h 0000 0000 0000 0000 uuuu uuuu
CRPT ITER 16h -010 0000 -010 0000 -uuu uuuu
CRPT _IMIT 17h 0000 0000 0000 0000 uuuu uuuu
BHe 6aHka
PRODL 18h 0000 0000 0000 0000 uuuu uuuu
PRODH 19h 0000 0000 0000 0000 uuuu uuuu
Obos3Ha4yeHue:

U = He USMEHAETCA, X = HEN3BECTHO, - = HE pealrin3oBaHoO, YATaAeTCAd KakK «0»,
g = 3Ha4YeHne 3aBUCUT OT yCnoBUA.

[NpumeyaHus:.

1. OgwuH 6ut unu 6onee B INTSTA, PIR1 6ygeT nsmeHeH (41o6bl NpoM3oLLEN BbIXOA).
2. Korga Bbixog n3 pexxuma SLEEP npoucxoant no npepbiBaHmio n 6ut GLINTD cbpolueH,
PC 3arpyxaeTcs BEKTOpPOM MpepbiBaHUS.

3. CwmoTtpute Tabnuua 4 ansa 3HadeHnn no cbpocy B 0COObIX yCNOBUSAX.
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4. 3710 3HayeHue, KoTopoe ByaeT B Tpurrepe-3alLenke nopta BbiBoaa.
5. Korga 3anporpammmnpoBaH pexmmMm MUKPOMNpoLeccopa Unm paclumpeHHoro
MUKPOKOHTpoInepa, paboTta 3Toro nopta He 3aBUCUT OT 3TUX PErMCTPOB.

C6poc no CHUXEeHUIo HanpshkeHUsl numaHusi

MWKpPOKOHTPONSEp MMeeT Ha KpucTanmne cxeMy cbpoca Mo CHMKEHUIO HarnpsikeHus
nuTaHus. OTa cxema nepeBoANT MUKPOKOHTpOMfep B pexumm cbpoca, Koraa HanpsikeHve
NMATaHUS OMYCKAeTCs HWXe YCTaHOBIIEHHOINO YPOBHS, YTO rapaHTMpyeT npekpalieHve
BbINOSTHEHUSA MpPOrpaMMm MpU BbIXOAE HaMNpPsKEHUs NMUTaHUSA 3a YCTAHOBMEHHbIE HOPMbI.
Mpexae yemM Mcnonb3oBaTb CXxemy cbpoca MO CHUXEHUIO HanpsKeHWsA NMUTaHus, npoBepbTe
3NEKTPUYECKMEe XapaKTEPUCTMKKN, YTODObI YOAOCTOBEPUTLCA B TOM, YTO OHa OTBEYaeT BallMM
TpeboBaHnaM. BkntodeHne mnm BblkNoYeHNe cxembl copoca npoussoamtcs 6utom BODEN B
Crnose KOHurypaumn.

PaboTta cxembl cbpoca: ecnu HanpsbkeHne nutaHusa onyckaetcs Huxke Ubor (Tunosoe
3HayeHue 4.0 B), npousongeT cOpoC NO CHMXKEHUIO HaNPsKeHUs1 NUTaHus. MUKpOKOHTponnep
HaxoguTCs B COCTOSHMM cbpoca, rnoka HanpskeHue nuTaHus He nogHumeTcs Bbiwe Ubor.
3artem BKMOYaeTca Tanmep BKIOYEHUS NUTaHUA, fanee — TalMep 3anycka reHepaTopa (ans
pexumoB LP n XT). 310 yoepxmBaeT MWUKPOKOHTPOSNEP B COCTOSHUMM cbpoca 96 mc u
1024*TOSC. Ecnu HanpsbkeHne nuTaHus onyckaeTcs Huke Ubor Bo Bpems paboThbl Tanmepa
BKMIOYEHUSA MUTaHUSA, TO MUKPOKOHTPOSSIep BO3BpaLLlaeTca B COCTOSHME cbpoca u Tanmepbl
MHULManNu3npyoTes 3aHoBo. ocne nogbema NuUTaHus, TauMepbl HAYHYT OTCHET BPEMEHHOM
3agepxkun. Ha
Puc. 15 nokasaHa Tunosas cutyauus cépoca.

B HeKkoTopbIX NPUNOXEHMAX NapameTpbl BHYTPEHHEN CxeMbl cbpoca MO CHMKEHUIO
nUTaHUst He YAOBMeTBOpAT TpeboBaHusM. B aTtom cnyyae pomkHa OblTb nNpuMMeHeHa
BHELLHASA cxeMa cbpoca No CHMKEHUIO HAaNPSXKEHNS NMUTaHUS.

HanpaxeHne
NUTaHMA U W Ubor

1
BHYTPEHHMI [ 1« | | je—s |
chpoc cymma 96 pc <96 mc cymma 96 mc
11024 Tosc 11024 Tosc

Puc. 15 C6poc Mo CHUXKEHUIO HAMNPSKEHUS MTUTaHUS
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MNMpepbiBaHUA

MWKPOKOHTPONNEPBI UMEIT 24 NCTOYHMKA NpepbIBaHMUS:
e BHewHee npepbiBaHne oT BbiBoga PAO/INT,;
e [lepenonHenune Tanmepa TMRO;
e bydep nepegatumka USART nycT;
e bydep npuemHunka USART 3anonHeH;
e [1pepbiBaHusa oT moaynsa USB (17 nCTo4HMKOB npepbiBaHUN);
e [1pepbiBaHusa oT mogyna EERPOM,;
¢ [1pepbiBanus ot mogyns NAND Flash;
e NlameHeHne curHana Ha BbiBoge PA1/TOCLK, (TonbKko B criydae TakTMpoBaHus TarMmepa
TMRO ot aToro BbiBOAA).

MpepbiBaHnaMuU ynpaBnsaoT YeTbipe pernctpa: CPUSTA, INTSTA, PIE1, PIR1.

Pernctp CPUSTA cogepxut 6ut rnobansHoro 3anpeweHuns npepbiBaHun GLINTD
(Global Interrupt Disable). Ecnn aTtoT 6uT ycTaHOBMEH, BCe NpepbiBaHUsS 3anpeLleHbl. ITOT
OUT aBnseTca 4YacTbto  PYHKUMOHANbHLIX BO3MOXHOCTEN SA4pa MUKPOKOHTponnepa u
onucbiBaeTcs B pasgene ObpaboTka npepbiBaHUIA.

Korga npoucxogut npepbiBaHue, 6ut GLINTD aBTOMatuyeckn yctaHaBnuBaeTcsa AOJ1s
3anpeta danbHenwmnx npepbiBaHUA, agpec Bo3BpaTa 3anucbiBaeTcss B CTek, a B PC
3arpyxaetca agpec Bektopa npepbiBaHun. CywiectByeT 4 BekTopa npepbiBaHUin. Kaxabin
agpec BeKTOpa npepbiBaHWA npefHasHavyeH Ans onpefeneHHOro UCTOYMHWKAa npepbiBaHUN
(kpome nepudbepuinHbiX NpepbiBaHUK, Yy KOTOPbIX OAMH W TOT Xe agpec). OTU UCTOYHUKK
cnegyrowue:

e BHelwHee npepbiBaHue ot BoiBoga PAO/INT;
¢ [lepenonHeHue Tanmepa TMRO;

¢ /IameHeHue curHana Ha BbiBoge PA1/TOCLK;
¢ Jlloboe nepuepuiiHoe npepbiBaHKe.

lMepexon no agpecy BekTopa npepbiBaHUA He cOpacbiBaeT dnar 3anpoca npepbiBaHUS.
®nar 3anpoca npepbiBaHUS O0MKEH ObITb cOpolleH B nporpamme obpaboTkn npepbiBaHUA
nepen paspeLlleHnemM npepbiBaHnin, 4Tobbl NPeaoTBPaTUTL NOBTOPHLINM Nepexod Ha 06paboTky
npepsbiBaHnin. B nporpamme o6paboTkm nepudepuiiHbix npepbiBaHU UCTOYHUK NpepbiBaHUSA
MOXHO naeHTUUnpoBaTb NPOBEPKOM (bnaros 3anpoca rnpepbiBaHUN.

Korga BbIinonHsieTcs ycnoBue MpepbiBaHvs, WHOMBUAYalnbHble dnarn 3anpocoB
npepbIBaHUN YyCTaHaABNMBAKOTCA He3aBMCMMO OT cocTossHna 6uta GLINTD mn cooTBeTCTBYHOLLMX
OMTOB Macku.

Mpn BHeWwHeM npepbiBaHUN NPOUCXOAUT 3adepXka npepbiBaHus. [Ons  komaHg,
BbINOJTHAOLLMXCS 3@ ABa MALUWHHbBIX LUUKNa, 3agepXka ASIMHHEE Ha OAUH MaLUMHHBINA LK.

BosBpaT 13 nporpammbl 06paboTkm npepbiBaHuin npounssoantcs no komaHae RETFIE.
Mpn BbLINONHEHUN KOMaHAbl MPOMCXOOUT BOCCTAHOBIEHME nporpammHoro cyetdmka (PC) u3
cteka u cobpacboiBaetca 6uT GLINTD (4T0ObI paspelumTb NpepbiBaHNS).

© AO «[l1KK MunaHOp» TCKA.431295.003Cr1 29



Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),
K1886BE3(31)QIl, KI886BE3(31)H4

Pea2ucmp cocmosiHusi npepbigaHuli (INTSTA)

Peructp INTSTA cogepxuT dnarn 3anpoca npepbiBaHui U 6uUTbl paspeLlleHnin ansa He
nepudepuinHbix npepbiBaHun. but PEIF (dnar 3anpoca nepudepuiiHbix npepbiBaHU) TONBKO
yntaetcd, uM obbeauHaer no «WJIM» Bce He 3amackMpoBaHHble driarM 3anpocoB
nepudgepurHblx npepbiBaHun B pernctpe PIR1 (peructp 5-3).

Butbl cobnaros 3anpocoB NpepbiBaHUn YCTaHABMBAOTCA NO 3aaHHbIM YCIOBUAM, Aaxe
€Cnn COOTBETCTBYIOLNA BUT paspelueHns npepbiBaHus cOpolueH (NpepbiBaHne 3anpeLueHo),
unn 6ut GLINTD ycTtaHoBneH (Bce npepbiBaHUS 3anpeLleHbl).

CnenyeT € OCTOPOXHOCTbLIO cOpackiBaTh Nobon paspelsarowmnn 6ut permctpa INTSTA,
Korga npepbiBaHusa paspeweHbl (6ut GLINTD cbpoweH). Ecnu kakue-nubo cnarn 3anpoca
npepsbiBaHna (TOIF, INTF, TOCKIF, nnu PEIF) yctaHaBnuBaloTCs B TOM € MaLUMHHOM LMKIe,
B KOTOPOM COOTBETCTBYHLIME OUTblI paspelleHnsa npepbiBaHUsa cbpacbiBaloTCH, YCTPOWUCTBO
nepexoant no agpecy cbpoca (0x00). lMNpexage, Yem 3anpeTuTb Kakoe-nMbo npepbiBaHue,
cbpocom paspeuwlatowero 6uta permctpa INTSTA, HeobxoaMMo NpeaBapuUTENbHO YCTaHOBUTL
out GLINTD, T.e. 3anpeTntb BCe NpepbIBaHUS.

Bbix0fa M3 SLEEP
<« OKOHYaHKME "8 NMHHOMK"
TOF —]
USBIF —] ) |t_/)i__ TOIE —D_ ﬂ_;,
e £ Wy L
— INTE —{___ ] NpepbIBaHKue
REE—L TOCKIF —J i >
T Ii:g ——3_‘— TOCKIE —___
= - . PEIF
o PEIE —}
x GLINTD
= NANDIF _““j
& NANDIE —
EEPROMIF __“::
EEPROMEE —___
CRPTIF
CRPTIE
Puc. 16 CTpykTypHasa cxema fnornku npepbiBaHnin
Tabnuua 6
Pernctp INTSTA (agpec: 07h, He 3aBUCUT OT HOMepa bGaHka)
R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PEIF TOCKIF TOIF INTF PEIE TOCKIE TOIE INTE
ont 7 6 5 4 3 2 1 6ut 0
PEIF: ®nar 3anpoca nepngepuinHoro npepbiBaHus. 1ot ouT
saBnsaeTcs obbeanHeHnem no «UJNN» Bcex pnaros 3anpocos
nepudepurHbiX NpepbiBaHUM NOMMYECKU YMHOXEHHbIX N0 «M» Ha
6uT 7 cooTBeTCTBYHOLWME BUTLI paspeLleHns npepbiBaHnii. Jloruka
npepbiBaHUN HanpaBnseT BbINOSTHEHNE NporpaMmmbl no agpecy 20h),
Korga NnpoucXoauT 3agepkka nepuepunHoro npepbiBaHnS.
1 = ecTb He obpaboTaHHOE nepndepnnHoOe NpepbIBaHNE;
0 = HeT He 0bpaboTaHHOro NepnPEepPUNHOro NpepbIBaHUS
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TOCKIF: ®nar BHelwHero 3anpoca npepbiBaHnsa oT BbiBoga TOCLK.
Cb6pacbiBaeTcs nporpaMMHO nporpamMmmMorn 06paboTkm NpepbiBaHUS.

ouT 6 Agpec Bektopa 18h.
1 = Ha BbiIBoAe PA1/TOCLK obHapyxeH 3agaHHbI (OPOHT curHana;
0 = Ha BbIBoge PA1/TOCLK He o6HapyXeH 3agaHHbIi (OPOHT curHana
TOIF: ®nar 3anpoca npepbiBaHUA N0 NepenofniHeHuto Tanmepa 0.
C6pacbiBaeTca nporpaMMHO nporpaMmmon o6paboTkm npepbiBaHuS.
ouTt 5 Appec Bektopa 10h.
1 = Tanmep TMRO nepenonHeH;
0 = Tanmep TMRO He nepenosnHeH
INTF: ®nar BHewHero 3anpoca npepbiBaHus ot BbiBoga PAO/INT.
Cb6pacbiBaeTcs nporpaMMHO nporpamMmmMorn 06paboTkm NpepbiBaHUS.
out 4 Anpec Bektopa 08h.
1 = Ha BbiBoAe PAO/INT obHapyxeH 3agaHHbIN (OPOHT CUrHana;
0 = Ha BbIBoge PAO/INT He oBHapyxeH 3aaHHbIN PPOHT cUrHana
PEIE: buT paspeLueHne nepnudepunHbix npepbiBaHnin. 1ot 6ut
AencTByeT, Kak 6uT rnobanbHOro paspeLlleHnsa nepngepunHbIX
6uT 3 npepbiBaHU, Yb COOTBETCTBYIOLLME BUTBLI pa3peLleHnst NpepbiBaHUN
TaKkxe yCTaHOBIEHbI.
1 = nepudepuiHble NpepbiBaHNSA paspeLleHbl;
0 = nepuepunHble NpepbIBaHNA 3anpeLleHbl
TOCKIE: BbuT paspelueHuns BHeLWHero npepbiBaHNs OT BbiIBOAA
PAL1/TOCLK.
onr 2 _ )
1 = npepblBaHMEe paspeLleHoO;
0 = npepbiBaHNe 3anpeLLeHo
TOIE: buT paspeLueHunsi npepbiBaHXs Mo nepenonHeHunto Tanvepa 0.
out1 1 = npepbliBaHNE paspeLLEeHo;
0 = npepbiBaHNe 3anpeLLeHo
INTE: but paspelwleHunsa BHelLHero npepbiBaHus Ha BoiBoge PAO/INT.
out 0 1 = npepbiBaHNe paspeLleHo;
0 = npepbiBaHMe 3anpeLLeHo
Obo3HayeHus:

R = 6ut ang ytedus; W = OUT ¢ BO3MOXXHOCTbIO 3arnuncu;
U = 6uT He peanuaoBaH, YntaeTcs kak 0;
-N = 3Ha4YeHne 6uTa nocne cbpoca no BKIOYEHUO NMUTaHUA:

1 = ycTaHOBIEH;
0 = cbpouueH;

X = 3Ha4yeHne He N3BeCTHO.
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Peaucmpsbi pa3peweHus nepugepuliHbix npepbieaHul PIE1

oTH perncTpbl cogepat nHamsuayalbHble OuThI pa3pelueHnd HepVI(beleVlelX

npepbiBaHUNA.

Tabnuua 7
Pernctp PIE1 (agpec: 15h, 6aHk 2)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
- - CRPTIE | EEPROMIE | NANDIE USBIE TXIE RCIE
out 7 6 5 4 3 2 1 6ut 0
out 7 3apesepBnpoBaHoO
ouTt 6 3ape3epBnpoBaHO
CRPTIE: lMNMpepbiBaHne oT 6510Kka Wndpaumm gaHHbIX.
our 5 1 = paspeLleHo;
0 = 3anpeLleHo
EEPROMIE: lMNpepbiBaHne ot EERPOM koHTponnepa.
out 4 1 = paspelLleHo;
0 = 3anpeLleHo
NANDIE: lMNpepbiBaHne ot NAND Flash koHTponnepa.
our 3 1 = paspeLleHo;
0 = 3anpeLleHo
USBIE: lNpepbiBaHne ot USB koHTponnepa.
1 = paspelLueHo;
6 0 = 3anpeLueHo.
nuT 2 )
MpumeyaHue: Kpome gaHHOro 6uta B perncTpax KoHTponnepa ectb
donaru paspelleHns npepbiBaHUn AN pasfnnyHbiX COObITUN B
KOHTponnepe
TXIE: buT paspelueHus npepbiBaHus ot nepegatymnka USART (Oydep
6 nepegaryuka nycr).
mt 1 A ]
1 = npepblBaHNe paspeLleHo;
0 = npepbiBaHME 3anpeLLeHo
RCIE: but paspeleHnsa npepbiBaHnsa ot npuemHuka USART (B
6uT 0 Oydepe npueMHmKa ecTb AaHHbIE).
1 = npepbiBaHNe paspeLleHo;
0 = npepbiBaHWe 3anpeLLeHo
Ob6o3HayeHus:

R = 6ut anga ytenus; W = 6UT ¢ BO3MOXHOCTbIO 3aMnucH;
U = 6uT He peann3oBaH, YyntaeTcs kak 0;
-n = 3Ha4yeHune buta nocne cbpoca No BKMHYEHUIO NMUTAHWS:

1 = ycTaHOBIEH;
0 = cbpouueH;

X = 3Ha4yeHne He N3BeCTHO.
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Peaucmpsbi 3anpoca nepugepuliHbix rnpepbieaHul PIR1

OTOT perucTp CcoaepXuT uHauBuayanbHble dnarnm 3anpocoB  nepudrepumHbIxX
npepbiBaHUNA.

[pumeyaHue:
dnarn 3anpoca npepbiBaHWA YCTaHaBMMBAKOTCA MPU  BO3HWKHOBEHUWN  YCIOBUI

npepbiBaHUIN, BHE 3aBUCMMOCTUN OT COCTOsIHUA dhnara obuiero 3anpeta npepbiBaHnn GLINTD un
COOTBETCTBYHOLLMX priaroB paspelleHns nepudepurHblx npepbiBaHun. Nepen paspelleHnem
npepbiBaHUsA, nNonb3oBaTeNb [OOMMKEH CcOpocuTb dniarn 3anpocoB NpepbiBaHUK, 4YTOObI
nporpaMma He rnepeluna HesameanuTenbHO K noanporpamme o6paboTku nepudepuinHbixX
npepbiBaHUNA.

Tabnuua 8
Pernctp PIR1 (agpec: 14h, 6aHk 2)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-1 R-0
- - CRPTIF EEPROMIF | NANDIF USBIF TXIF RCIF
out 7 6 5 4 3 2 1 out 0
out 7 3apesepBupoBaHO
ouTt 6 3apesepBUpoBaHO

CRPTIF: ®nar npepbiBaHUs OT Broka wudpaumm JaHHbIX.

1 = gaHHbIe roTOBbI ANA YTEHUS Nocne BbINOMHEHHOrO Npeobpa3oBaHUs
(wndpaumm unu gewmndpaumm).

0 = gaHHble He rOTOBbI A48 YTEHUS

outr>5

EEPROMIF: ®nar npepbiBaHus oT KoHTponnepa EEPROM.
out 4 1 = 3akoH4eHa paboTa;
0 = 6nok ceoboeH unu BegeT paboty

NANDIF: ®nar npepbiBaHus oT koHTponnepa NAND Flash.
out 3 1 = 3akoH4eHa paboTa;
0 = 6nok ceoboeH unu BegeT paboty

USBIF: ®nar npepbiBaHna oT KoHTponnepa USB.
ourt 2 1 = ecTb cobbITME B KOHTponnepe USB;
0 = HeT cobbITni

TXIF: ®nar 3anpoca npepbiBaHnsa oT nepegatynka USART. dnar
yCTaHaBnmBaeTcs U cbpacbiBaeTcs annapaTHO, AOCTYNEeH TONbKO ANng
out 1 YTEHUS.

1 = 6ycbep nepepatumka USART nycT;

0 = 6ydep nepegatinka USART 3anonHeH

RCIF: ®nar 3anpoca npepbiBaHus oT npuemHunka USART. ®nar
yCTaHaBnmBaeTcs u cbpacbiBaeTca annapaTHO, JOCTYNeH TOMbKO Ans
out 0 YTEHUS.

1 = B 6ycbepe npnemHmka USART ecTb AaHHbIE;

0 = 6ydep npnemHuka USART nyct

Obo3Ha4YeHus:

R = 6ut onga ytenus; W = 6UT C BO3MOXHOCTbIO 3aMnuncH;

U = 6uT He peanun3oBaH, YntaeTcs kak 0;

-n = 3Ha4yeHune buta nocne cbpoca No BKMKYEHUIO NMUTAHWS:
1 = ycraHoBneH; 0 = cbpoweH;
X = 3Ha4YeHMe He N3BECTHO.
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O6bpabomka npepbieaHuli

But rnobanbHoro 3anpeleHuns npepbiBaHuin GLINTD (CPUSTA<4>) paspeluaeT Bce
HeMackMpoBaHHble MnpepbiBaHNA (ecrnv cOpoLleH), unu 3anpewaeT BCe npepbiBaHusA (ecnu
yCTaHoBMeH). MHauBmayanbHble MpepbiBaHWS 3anpelleHbl 4Yepe3 COOTBETCTBYHOLWMA 66Ut
paspelwwenun B pernctpe INTSTA. [Ina 3anpeta nepudepunHbix npepbiBaHNn HeobXoammo,
4YTO6bI ObiN cOpolleH 6UT rnobanbHOro paspelleHnsa nepudepuriHblx npepoiBaHnin PEIE nnn
cbpoleH BMT paspelleHns COOTBETCTBYIOLEro NepudepunHoro npepbiBaHus. 3anpelleHue
nepudepunHbix NpepbiBaHUA  4yepe3 6uT rnobanbHOro paspeweHus nepudepumnHbiX
npepbiBaHUN, 3anpeltaeT Bce nepudepuirHble npepbiBaHus. but GLINTD ycraHaBnuBaeTcs
npun cbpoce MUKPOKOHTpOINepa (NpepbiBaHns 3anpeLLeHbl).

Komanga RETFIE cb6pacbiBaet 6ut GLINTD pgns paspelwweHuss npepbiBaHUn U
3arpyxaeT CHEeTYMK KOMaHA 3Ha4YeHueM M3 BeplUuMHbl cTeka. Korga npoucxoguT npepbiBaHue,
out GLINTD aBTOMaTudecku ycTaHaBnNMBaeTCsa AN 3anpeta AanbHenwmnx npepbiBaHUn,
agpec Bo3BpaTa 3anucbiBaeTCsl B CTEK M CHETUYMK KOMaHL 3arpy)aeTcsi agpecoM BeKTopa
npepbiBaHus. CywecTByeT 4 BeKTOpa NpepbiBaHus, YTO CNOCOBCTBYET COKpPALLEHUIO 3aepPXKKN
npu obpaboTke npepbiBaHUn. dnarn 3anpocoB NpepbiBaHUA AO0MKHbI OblTb COpOLIEHbLI B
nporpaMmme nepes paspelleHnem npepbiBaHum, 4ToObl n3bexaTb NOBTOPHOrO BbI30OBA.

Bektop nepudepuinHbiXx npepbiBaHUA MMEET MHOXECTBO WCTOYHWUKOB MNpepbiBaHun. B

nporpamme obcnyxuBaHmss nepudepumnHoro npepbiBaHUs, UCTOYHMK MpepbiBaHNUA MOXHO
onpenennTb NPoBEpPKON doriaroB 3anpoca rnpepbiBaHus.
MuKpoKOHTpONNep umeeT 4 BekTopa npepbiBaHWA. Agpeca BEKTOPOB M MX MPUOPUTETDI
nokasaHol B Tabnuua 6. Ecnn npoucxoguT 3anpoc ABYX MpepbIBAHUN OO4HOBPEMEHHO,
npepbiBaHne ¢ GonbwuM npuoputeToM OyaeT obcnyxumBaTbCs B MEpBYH odepedb. ITO
O3Ha4aeT, YTO agpec BEKTOpa MMEHHO 3TOro npepbiBaHMs ByaeT 3arpyXeH B CHETYMK KOMaHA
(PC).

Tabnwuua 9
MproputeTbl N agpeca BEKTOPOB NpepbiBaHUI

Apgpec BekTop MpuopwureT

0008h | BHelwHee npepbiBaHve Ha BbiBoge PAO/INT (INTF) (camblin BbICOKUI)

0010h | lMpepbiBaHme no nepenonHeHuto TMRO (TOIF)

1
2
0018h | BHewHee npepbiBaHve no PA1/TOCLK (TOCKIF) 3
0020h | MepudepunHoie npepbiBaHns (PEIF) 4

(camblii HU3KKIA)

[NpumedaHue:
1. NHauBuayanbHble chnarn 3anpoca npepbiBaHUA YyCTaHaBMMBAKOTCA He3aBUCUMO OT

COCTOSIHMS COOTBETCTBYHOLLEro Mackmpytowiero éuta nnm émuta GLINTD.

2. lNpexge, 4Yem 3anpeTuTb Kakoe-nnbo npepbiBaHne, cbpocom paspelsarowero ourta
peructpa INTSTA, 6ut GLINTD pomkeH ObiTb YycTaHoBreH (oOwmi 3anpet
npepbIBaHUR).
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lNpepbieaHue om ebieoda PAO/INT

BHewHee npepbiBaHne ot BbiBoga PAO/INT npoucxogut nubo no nepegHemy (ppoHTY
curHana, ecnm 6ut INTEDG (TOSTA<7>) yctaHoBneH, nMbo no 3agHemMy (PpoHTy, ecnn out
INTEDG cbpolueH. Koraa aktnBHbIi ppoHT curHana nosiensietca Ha Bxoge PAO/INT, 6ut INTF
(INTSTA<4>) yctaHaBnuBaeTcs. JTO npepbiBaHNEe MOXeT ObiTb 3anpeweHo cbpocom GuTa
INTE (INTSTA<O0>). NpepbiBaHne Ha BbiBoge PAO/INT MoxeT BbIBOAUTL MUKPOKOHTPOSINEP U3
pexxvuma SLEEP. CmoTpute pasgen onucaxus pexuma SLEEP.

lMpepbieaHue om ebieoda PA1/TOCLK

BHewHee npepbiBaHne ot BbiBoga PA1/TOCLK npoucxogut nubo no nepegHemy
dpoHTy curHana, ecnn 6ut TOSE (TOSTA<6>) ycTtaHoBREH, NMOO Mo 3agHeMy OPOHTY, ecnu
out TOSE cbpoweH. Koraa aktmBHbIi OpOHT curHana nosiensietca Ha BbiBoge PA1/TOCLK,
out TOCKIF (INTSTA<6>) yctaHaBnuBaetca. PopmupoBaHue pnara 3anpoca npepbiBaHUS
TOCKIF npoucxoauT TONbKO B criydyae TakTupoBaHusa Tanmepa TMRO oT atoro BbiBOAa, T.€.
3TO npepbiBaHWE OT BHELLUHEro TakToBOro curHana tammepa. Ecnn TMRO Taktupyetcs oT
BHYTPEHHEN TAaKTOBOW 4acTOTbl, TO NpepbiBaHne He dpopmupyeTca. [NpepbiBaHne MOXET BbiTb
3anpetueHo copocom buta TOCKIE (INTSTA<2>). MNpepbiBaHue oT BbiBoga PA1/TOCLK moxeT
BbIBOANTb MUKPOKOHTponnep u3 pexuma SLEEP. CmoTtpute pasgen onucaHusa pexmma
SLEEP.

lMepugpeputiHbie npepbieaHusi

YcTaHoBneHHbI doniar 3anpoca nepudepuiHblx npepbiBaHnin PEIF nokasbiBaeT, 4To
NpPOM30LWUSIo, MO KpanHen mMepe, ogHO nepudepurHoe npepbiBaHve. but PEIF Tonbko gns
yTeHus u saensgetca obbeauHeHnem no «UJMA» Bcex cpnaroB 3anpocoB nepudepumrHbIX
npepbiBaHUN, JOMMYECKN YMHOXEHHbIX MO «M» Ha cooTBeTCTBylLME OWUTbI paspelleHns
npepsbiBaHnn B pernctpax PIE. HekoTopble nepudepuinHble npepbiBaHUA MOryT BbIBOAUTb
MUKpOKOHTponnep m3 pexunma SLEEP. CmoTtpute pasgen onmcanusa pexmva SLEEP.

a1 |az2|e3|esar|ez|e3|adiar|az]|a3|astar|az |03 |4t 1] 02]| Q3|04 a1|az|03 |04 01| 02|03 | Q4!

: . .
NAANAAANAAAANAAAAAS AAANAAAANAA A A A

'
. Iv‘ \ g X f
OSELf X AL NfNLNLNF X NS N f \/ v/ \/ \/ /o !\ A/ W AN\ \S S\ [ \J ¥\
s Y Y U Yy YWYy Yy Y Y Yy Y Y Y Y Y YWY YUY Y Y Y Y Y Y Y Uy
'

INT wom [ 7T\ : : :

TOCLK i : : e
L] " L] [} L ] ]

INTF wau N : ! e

TOCKIF : : . :

.
s (C
phJ

GLINTD § : : o4 : : ) L. .
! : L

(e

PC PC i PC+1 v PCH 1 aapec exTopa ;

A ST G

|3b|61e1paeruiaﬂE<
KOMaHAa

komanga(PC) )E(KoMaH,qa(F'CH)}:(KOMaHAa(PCH)XkomaHAa(aemop):Qi RETFIE )KkomaH,u,a(YYH)):(KomaH,na(F’CH)):
B , . 5 g
1 komanga(PC) HET i HET 1 5

EBINDNHAEMARA),

KomaHga 1 RETFIE } HET l

Puc. 17 BpemeHHas guarpamma ob6paboTkm npepbisaHmii ot BbiBogoB INT unm TOCKI

© AO «[l1KK MunaHOp» TCKA.431295.003Cr1 35



Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),
K1886BE3(31)QIl, KI886BE3(31)H4

CoxpaHeHue co0epXuMo20 pe2ucmpoe Nnpu npepbieaHuuU

Bo Bpems npepbiBaHWA, B CTeKke cCOXpaHsieTcs Tonbko 3HaveHne PC ana BosBparTa.
CoxpaHeHwne opyrmx perucTpoB HeobxoAMMo peanu3oBaTb NPOrpPaMMHO.

B lNpumep 1 nokaszaHO coxpaHeHWe 1 BOCCTaHOBIEHWE MHdOpMaUun B nognporpaMmme
06paboTkn npepbiBaHMSA. ITOT NpUMep NpuBeAeH Ans NPOCTON CXeMbl MpepbiBaHWUN, rae He
MOXeT MNPOM30OMUTU BIOXEHHOCTU npepbiBaHUW. CoAepXXMMoe perMcTpoB COXpaHseTcs B
obnactn GPR BHe 6aHKOB.

B lNpumep 2 nokasaHo coxpaHeHue 1 BOCCTaHOBIEHNE UHAOpMaLUK AN crny4yas, korga
TpebyeTca BNoXeHne npepbiBaHnin. B npuBegeHHOM npuMepe MOXET BbINOMHATLCSH MaKCUMYM
Ao 6 ypoBHen Bnoxenumsa npepbiBaHun. BSR xpaHutca B obnactu GPR BHe 6aHkoB, B TO
BpeMs Kak gpyrve permctpbl 0yayT XpaHuTbcsa B onpegeneHHoMm 6aHke. Takum obpasom, ata
nporpaMmma MOXeT OCYLLEeCTBUTb 6 3annucen BIOKOB CO 3HAYEHUAMU COXPaHAEMbIX PErMCTPOB.
[na paboTtbl nporpamma TpebyeT BblAeNeHHOro perncTpa kocseHHon agpecaunn FSRO.

CermeHTbl k0oga PUSH n POP (3anucbk B CTeKk U 4YTeHWe cTeka) mMoryT 6biTb nnbo B
Kaxxgon nognporpamme o6paboTkm npepbiBaHuA, nmMb6o  MoryT ObiTb  Bbl3blBa€MbIMU
nognporpammMamu. B 3aBUCUMOCTM  OT  KOHKPETHOrO  MPWIOXeHUsl, Takke MOXeT
notpeboBaTbCA COXpaHeHUe n OpYyrux perucTpos.

Mpumep 1
CoxpaHeHne perncTpoB npu npepbiBaHMm (NPOCTON BapuaHT)
; Agpeca, KOTopble UCMOMb3YHTCA AN XpaHEHUSI 3HAYEHWIA PETUCTPOB HAaXOAATCSA BO
; BHYTPEHHen namsTn aaHHbIx. [uanasoH agpecoB 1Ah — 1Fh (BHe 6aHkoB).
; Mpwy nomowum komanasl MOVFP moxeT BbITb COXpaHEHO U BOCCTAaHOBIEHO A0 6 siyeek.
; OTa KOMaHda He BNUAET Ha OUTbl COCTOSIHUI U He HapyllaeT 3HadveHune permctpa WREG.

UNBANK1 EQU OxO01A ; agpec onsi COXpaHeHus1 NepBON SHENKn
UNBANK2 EQU 0x01B ; agpec ansa coxpaHeHns BTOPOKN S4EnKu
UNBANK3 EQU 0x01C ; agpec onsi coxpaHeHus1 TpeTbEN SSHENKN
UNBANK4 EQU O0xO01D ; agpec onsi COXpaHeHUs YeTBEPTON AYENKN
UNBANKS5 EQU OxO1E ; agpec ansa coxpaHeHns NATon s4emnku

; (MeTKa He ncnonb3yeTcsa B nporpaMmmMe)
UNBANKG6 EQU OxO1F ; agpec ansa coxpaHeHUs LLECTON S4YENKM

; (MeTKa He ncnonb3yeTcs B NporpamMmme)

; Agpec BekTopa npepbiBaHUS

PUSH MOVFP ALUSTA, UNBANK1 ; 3anucb B cTek 3HadeHuss ALUSTA
MOVFP BSR, UNBANK2 : 3anucbk B cTeK 3HavyeHna BSR
MOVFP WREG, UNBANKS3 : 3anuck B cTek 3HadeHust WREG

MOVFP PCLATH, UNBANK4 ; 3anucb B ctek 3HavyeHnsa PCLATH

; Koa nporpammbl 06paboTkn NpepbiBaHUS

POP MOVFP UNBANK4, PCLATH ; BocctaHoBneHnune 3HadeHus PCLATH
MOVFP UNBANK3, WREG : BocctaHoBneHue 3HavyeHns WREG
MOVFP UNBANK2, BSR : BoccTtaHoBneHune 3HadyeHus BSR
MOVFP UNBANK1, ALUSTA ; BocctaHoBneHune 3HadeHnss ALUSTA
RETFIE ; Bo3BpaT 13 npepbiBaHus (paspeluaeT npepbiBaHUS)
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Mpumep 2

CoxpaHeHme perncTpoB npu rpepbiBaHNn (BapVIaHT C I'IOLI,LI,Gp)KKOVI BJ10OXXEHHbIX I'IpepblBaHVIVl)

Nobank_FSR
Bank_FSR
ALU_Temp
WREG_TEMP
BSR_S1
BSR_S2
BSR_S3
BSR_S4
BSR_S5
BSR_S6

CLRF
CLRF
BSF
CLRF
MOVLW
MOVWF
MOVWF
MOVLW
MOVWF

PUSH BSF
BCF
MOVFP
CLRF

MOVPF
MOVPF

MOVPF
MOVFP

MOVFP
MOVFP
MOVFP
MOVPF

: MHmyuanusaumsa
CALL CLEAR_RAM ; Ouuctka O3Y gaHHbIX

INIT_POINTERS

; Apeca, KOTopble UCMOMNb3YTCA A5 XpaHEeHUs! 3Ha4YeHNn PErmcTPoB HAXoOOATCH BO

; BHYTPEHHEN NamATU OaHHbIX. [ns coxpaHeHus 3HaveHun pernctpa BSR ncnonbayetca
; obractb gaHHbIX ¢ agpecamu 1Ah - 1Fh (BHe 6aHkoB). Takum obpa3om MoxeT BbITb

; COXpaHeHOo 40 6 6rokoB 3Ha4YeHun pernctpos. MNporpamma ncnonb3yet pernctp FSRO
; (n 6uTbl ero ynpasneHusa FS1 n FSO B pernctpe ALUSTA).

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

BSR, F ; ycTaHoBKa 6aHkoB B 0

ALUSTA, F ; nepekntoveHmne FSRO B pexum

ALUSTA, FS1; aBTOMHKPEMEHTUPOBAHUS

WREG, F ; copoc WREG

BSR_S1 ; 3arpy3ka FSRO 3HaueHnem nepeoro agpeca ans
FSRO ; coOXpaHeHnsa BSR

Nobank_FSR

0x20

Bank FSR

; Koa Baluen nporpammel

ALUSTA, FSO; FSRO - pexum aBTOUHKpEMEHTUPOBAHMUS

ALUSTA, FS1
BSR, INDFO ; coxpaHeHue pernctpa BSR
BSR, F ; ycTaHoBka 6aHka 0 ons nepudepuinHbIX perncTpos U

ALUSTA, ALU_Temp
FSRO, Nobank_FSR ; coxpaHeHue 3HavyeHunsa FSR, ncnonbayemoro

WREG, WREG_TEMP
Bank_FSR, FSRO ; BOCCTaHOBNeHne 3HavyeHunsa FSR, ncnonesyemoro

ALU_Temp, INDFO ; 3anucb B cTek 3HayeHnss ALUSTA

WREG_TEMP, INDFO ; 3anucb B cTek 3HavdeHna WREG
PCLATH, INDFO ; 3anucb B cTek 3HadyeHuss PCLATH
FSRO, Bank_FSR ; coxpaHeHue 3Ha4vyeHus FSR, ncnonbayemoro

0x40

0x41

0x42

0x43

Ox01A ; agpec nepBou ss4elikm Ans coxpaHeHust BSR

0x01B ; 0x1Ah-0x1Fh - agpeca s4eek ansa coxpaHeHna BSR
0x01C

0x01D

Ox01E

O0x01F

; noaroToBka napameTpos Ang npoueayp POP n PUSH

; Alpec BekTopa npepbiBaHUs

: O3Y paHHbIx

; Ons coxpaHeHua BSR

; ANS1 COXpaHEHUs ApYyrmx 3HadeHun

, 414 COXpaHeHua Opyrmx 3Ha4YeHUM
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MOVFP Nobank_FSR, FSRO ; BoccTtaHoBneHue 3HauyeHnsa FSR, ncnonb3yemoro
; Ansa coxpaHeHna BSR

; Koa nporpammbl 06paboTkn NpepbiBaHUS

POP CLRF ALUSTA, F ; FSRO - pexum aBTO4EKPEMEHTMPOBAHUSA

MOVFP Bank_FSR, FSRO ; BoccTtaHoBrneHue 3HayeHnda FSR, ncnonbsyemoro
; ANA COXpaHeHUs OpYrmx 3Ha4YeHUn

DECF FSRO, F

MOVFP INDFO, PCLATH ; yTeHue 3HavyeHuss PCLATH

MOVFP INDFO, WREG : yTeHue 3HavdeHne WREG

BSF ALUSTA, FS1; FSRO - pexnm 6e3 naMeHeHusi 3HadeHns perncrpa

MOVPF INDFO, ALU_Temp ; uyTeHune 3Ha4veHus ALUSTA

MOVPF FSRO, Bank_FSR ; cOXpaHeHune 3HauyeHusa FSR, ncnonb3yemoro
; BNA COXpaHeHWsa OpYrMxX 3Ha4YeHU

DECF Nobank_FSR, F

MOVFP Nobank_FSR, FSRO ; BoccTtaHoBneHue 3HadeHnsa FSR, ncnonbsyemoro
; Ansi coxpaHeHus BSR

MOVFP ALU_Temp, ALUSTA

MOVFP INDFO, BSR

RETFIE ; BO3BpaT M3 NpepbiBaHus (pa3peLuaeT npepbiBaHns)
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OpraHusaumsi naMaTM MUKPOKOHTponnepa

B mukpokoHTponnepe ectb ABa 6noka namaTtu: namsaTb NporpaMm U NamsTb AAHHbLIX.
Kaxxabihi 610K MmeeT CBOK COBCTBEHHYIO LUMHY, TaK YTO AOCTYN K KaKgomy 650Ky BO3MOXEH
BO BPEMS OQHOrO M TOrO Xe LMKna reHepaTopa.

MamaTtb gaHHbIX genutcs Ha RAM obuwero HasHavyeHus U perucTpbl cneumnanbHbIX
dyHkumn  (SFRs).  ®yHKumoHupoBaHne SFR-pernctpoB, KoTopble YynpaBnsawnT  S4pOM
MUKPOKOHTpONsfepa, onucbiBaetca B 3ToM mmasBe. SFR-peructpbl, ucnonb3yemble Ans
ynpaBneHns MoaynsmMu nepudepun, OnNUCbIBAlOTCA B pasgenax, MOCBAWEHHbIM  3TUM
KOHKPETHbIM MOAYNAM nepudepun.

| PC<15:0> |
CALL, RETURN 16
RETFIE, RETLW

cTek (ypoBeHb 1)

cTek (ypoeeHe 16)
BekTop "cGpoca” 0000h

——1
Bektop mpeprieasms ot eaeoga INT |Q008h
Bexrop npepreama ot Taiepa 0 (001 0h
BexTtop mpeprieamia ot eereoga TOCKI] 0018h
Bextop nepudepmimerx npepueamnt | 0020h
0021h
BHYTPEHHANA

none3oBaTenbCcKad

NamMATE NporpamMm
7FEFh
7FFOh

erMcTpel KOHQUrypayum

P P curypay ZEEEh
perncTpbl KoHdbUrypayum IEEEIC-'}E
FFOOh

sarpysouHoe M3Y
FFFFh

Puc. 18 KapTta namaTtu nporpamMmm n cteka
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lMamssmb npoepamMm

MukpokoHTponnep umeet 16-TM OUTHBLIN CYETYMK KOMaHA, CnOoCObOHbIN agpecoBaTb
obnactb namaTu nporpamm pasmepomM 64K x 16 6ut. Bektop «cbpoca» umeet agpec 0000h,
BEKTOpa npepbiBaHNA HaxoasaTca no agpecam 0008h, 0010h, 0018h 1 0020h (cm. Puc. 18).

O6bem BHyTpeHHeW namsTM nporpamm coctasnser 32K x 16 6ut. [lamatb
nepenporpammupyemas FLASH tuna.

MwuKpOKOHTpONNep MoXeT (PYHKUMOHMPOBATL B OQHOM U3 4 BO3MOXHbIX KOHUrypaLunn
namaTn nporpaMmm. KoHdurypauus Beibrpaetcs Gutamm koHdurypaumm.

Bo3aMOXHbI cneayoLne pexumbi:

e MUKpOMpoLieccop;

® MWKPOKOHTpOINep;

e pacCLUMpPEHHbI MUKPOKOHTpONEp;

e 3alULEHHbI MUKPOKOHTPOSEP.

PexuMbl « MMKPOKOHTpOMepa» 1 «3alunLeHHOro MMKpPOKOHTponnepa» obecneymsatoTt
AO0CTYN TOMbKO K BHYTPEHHEN namsaty nporpamm. Jliobaa nonbiTka JOCTyna no agpecam BHe
namaTy nporpaMMm MpUBOAUT K YTEHUKO HEU3BECTHOro 3HadeHus. Pexum  3awmuieHHoro
MUKPOKOHTpOMepa uMeeT ewe yHKUMIO 3alinTbl Koga.

B pexume «pacluMpeHHOro MMKPOKOHTPOSEpa» MMEETCs OOCTYN KakK KO BHYTPEHHEWN,
Tak U KO BHELWIHeW namsTy nporpamm. BbinonHeHWe aBTOMaTUYECKU NepeksitoyaeTca Mexay
BHYTPEHHEN W BHELWHEeN namsaTbio. 16-TM OMTHBIM agpec No3BOMseT agpecoBaTb AuManasoH
namsitu nporpamm B 64K cnos.

B pexxume «Mmkponpoueccopy» BO3MOXEH JOCTYM TOMbKO K BHELUHEN NaMATU NpOorpamMm.
BcTpoeHHaa (BHYTpeHHsS) NamMaTb nporpamm urHopupyetcd. 16-tm GuTHbIN agpec no3sonseT
agpecoBaTb guManasoH namsaty nporpamm B 64K crnoB. MuKponpoueCCOpHbIN PEXUM UCXOOHO
YCTaHOBJIEH B HE3anporpaMMmnpoBaHHbIX Npudopax.

MWKpPOKOHTPONEP MOXET (PYHKLUMOHNPOBATbL, KOraa naMsiTb NporpaMMm HaxoAUTCHA BHE
Kpuctanna. 3TO pexuMbl «MUKporpoLeccopa» U «paclUMPEHHOro MWKPOKOHTposinepa.
MurKponNpoLEeCCOPHbIA PEXMUM UCXOLHO YCTAHOBIEH B HE3anNporpamMmMmMpoBaHHbIX Npubopax.

HesaBncuMo OT pexxmma npoueccopa namaTb AaHHbIX BCeraa HaXoAMTCs Ha KpucTanne.

Koraa BbiOpaH pexum «MUKPOMpPOLIECCOopa» UNN «pacLUMPEHHOro MUKPOKOHTpONepa,
PORTC, PORTD u PORTE pabotatloT kak cuctemHass wuHa. PORTC u PORTD -
MyNbTUNNEKCMPOBAHHAA WnHA agpeca/ganHblx, a PORTE<2:0> — curHanbl ynpasneHus.
dopma curHanoB agpeca M OaHHbIX nokasaHa Ha Puc. 20. BpeMeHHble XapakTepuUCTUKM
npueeaeHsbl B 3reKTpUYecKomn crneundukaumnn. B pexunme «pacLUnpeHHoro
MUKPOKOHTpOnnepa» korga npubop pabotaeT ¢ BHYTPEHHEW NaMsTbio NPOrpamMm, BHELUHWE
ynpaBnsawowmne curHanbl NpogormkatoT ObiTb akTUBHbIMU. Taknm obpas3omM, OHU MHOAULMPYIOT
OENCTBUS, KOTOpble MNPOUCXOOAT BO BHYTPEHHeW namAtu. [aHHble 13 BHELWHen namsaTu
UrHOPUPYIOTCS.
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Pexim P eRHM PACHIN] e HHOT 0 Peaam
MEEONpOLeccopa MHK]OK OHTPOLIepa MEIKPOKOHTPOILIEPA
0000h 0000h 0000h
0000h BHY TP eHHAA BHY TPeHHAA
DaMATE OaMATE
HporpanMM TporpanMm
BHemmas -
F— 7FFFh 7FFFh £
Tporpavm 8000h 8000h E-;
2
BHeLHAA %
MAMATE
Tporpanmv g
Z
5]

FFFFh FFFFh

BHE KPOCTAJLIA

00h

FFFFh[ Config. Bits

BHe KPHCTAILTA HAa KPHCTATLTe

0oh
120N [220 [320H T20H [220H| [320N
1FFh |2FFH [3FFh FFh | [1FFH |2FFh |3FFA

Ha KPpHCTAJIe

HA KPHETAILTe

HA KPHCTAILTe

T20M|[220H[320h
1FFH | 2FFh |3FFh
Ha KPHCTATLIe

Puc. 19 Pacnpep,eneHme namMmAaT B pa3syiINYHbIX peXnmMax

BHE KPHCTAILIA

00h

HA KPHCTAJLTe

o

FF

o

FFh

NAMATH JAHHbBIX

YTEHWE 3AMUCH
- Q4 (0 G2 . Q3 Q4 o1 Q2 . Q3 Qd Q1 .
osct | | | | L | [ L [ il
OE ' ] T
WR ' ; ; '
AID ™ Adr |z | | Adr | Data] |

't‘Latch Data
Puc. 20 [lnarpammbl curHanos 4oCTyna K BHELLHEN NaMATU NporpaMmm

Mamsamb OaHHbLIX

MamaTb gaHHbIX pasgeneHa Ha 2 obnacTtu. NepBast — aTo obnacTtb perncTtpoB obLiero
HasHadeHus (GPR), n BTopasi — 310 obnactb perucTpos cneumanbHbix pyHkunn (SFR). SFR-
PEerncTpbl KOHTPONUPYHOT N 0b6ecneymBatoT pexnmMbl QYHKLUMOHUPOBaHUSA npubopa.

MamaTb AaHHbIX pasgeneHa Ha GaHkn, Tak opraHndoBaHbl 06e obnactn. Obnacte GPR
crpynnupoBaHa B 6aHku gns Toro, 4tobbl nony4nTtb 06bem namatn 6onee 232 Gawta.
Opranunsaumsa 6aHkamu TpebyeT mcnonb3oBaHusa ynpasnswowmx 6utos Ans Bblibopa 6aHka.
O™n ynpasnswowmne 6utel HaxoasaTcs B peructpe Bblbopa GaHkoB BSR. Ecnu npousseaeH
poctyn K obnactm BHe 6aHkoB, 3HayeHue peructpa BSR wurHopupyetcs. Tabnuuya 10
nokasblBaeT OpraHmn3auuio KapTbl NAMATU OAHHbIX.

Komangbl MOVPF n MOVFP obecneunBatoT nepeHoC 3Ha4YeHUn OaHHbIX M3 obnactu
nepudepumn («P») B nioboe mecto B obnactn peructpoB («F») n HaobopoT. «P»-gmanasoH
onpeneneH agpecamun ot 00h go 1Fh, ananasoH «F» — ot 00h go OFFh. nanasoH «P» umeet
6 pernctpoB, KOTOpble MOryT ObiTb MCNOMb30BaHbl Kak pPerncTpbl obLiero HasHaveHusi. 3TO
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MOXeT ObiTb yAoOOHO Ans HEeKOTOpbIX MNPUMEHEHUN, rAe nepeMeHHble Heobxoaumo
ckonvpoBaTb B Apyrme qdverikm B O3Y oOuwero HasHayeHus, (Takume Kak 3arnomMuHaHue
NMHpopmauumn o ctaTyce BO BpeMS NpepbIBaHUS).

Ko Bcen namsiTm gaHHbIX MOXHO obpallatbes, ucnonb3ya nmbo npsmon goctyn, nnbo
KOCBEHHbIN (Ucnonb3ysa perucTpbl ykasatena agpeca FSRO n FSR1). KocBeHHas agpecauns
ncnonb3yeT COOTBETCTBYOLLME yrnpasnswwme 6utel BSR-pernctpa ana gocrtyna B obnactu
namaTN OaHHbIX, OpraHW30BaHHbIE B BaHKW.

Peaucmpsbi o6we2o HaszHayeHusi (GPR)

MukpokoHTponnep mmeet obnactb pernctpoB obuiero HasHadeHusa (O3Y) obbemom
902 6Ganta. OTM pernctpbl 8-mn GuUTHble. O3Y pas3duto Ha 6GaHku. [Ona obnerdeHus
nepeknoyeHne mexagy atummn 6aHkamm cywectsyet komaHga «MOVLR bank». Pernctp GPR
He M3MeHseTca Npu BCeX TUnax copocos.
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Peaucmpsbi cneyuasnbHO20 Ha3Ha4vyeHus (SFR)

Peructpbl cneumanbHoro HasHadeHuss (SFR) wucnonb3yloTcss  npoueccopomM U
nepudepuiiHbiMM yCTpoNCcTBamMu Anga ynpaesneHuns paboton npubopa (cm. Tabnuua 10). O1n
perncTpbl NpeactaensoT cobon ctatudeckoe O3Y.

Pernctpbl SFR mMoryT GbITb pasaeneHbl Ha 2 rpynnbl, Te, KOTOpble CBA3aHbl C (PyHKUMEN
«aapa», U Te, KoTopble CBA3aHbl C PYHKUNAMM nepudepun. Te perncTpbl, KOTOpble CBS3aHbI C
«9O0pOM», OMUCLIBAKOTCSA HWXEe, a Te, KOTopble CBA3aHbl C (PyHKUMsSMKU nepudepun,
ONUCBLIBAIOTCA B COOTBETCTBYIOLLEM pasgene And Kaxgoro moaynsa nepudepun. Pernctpeol
nepudepnn opraHnsoBaHbl B OaHKW, pernctpbl «agpa» npencraensioT cobon obnactb, He
opraHn3oBaHHyto B 6aHku. [Ina obnerdeHns nepekrnoyeHnsa mexay nepudepuiiHbiMmn 6aHkamm
ncrnonb3yetcs komanga «MOVLB bank».

Tab6nuua 10
Cxema agpecoB permcTpoB
Appec He 3aBucUT OoT HOMepa agpecyemoro 6aHka.
00h INDFO
O1h FSRO
02h PCL
03h PCLATH
04h ALUSTA
05h TOSTA
06h CPUSTA
07h INTSTA
08h INDF1
09h FSR1
OAh WREG
OBh TMROL
0Ch TMROH
ODh TBLPTRL
OEh TBLPTRH
OFh BSR
BaHk 0 | BaHk 1 BaHk2 |BbaHk3 |BbaHk4 |BbaHk5 | BaHk6 | BaHk7
10h EP1_CFG1 | DESC_ADR | EP1_REG | EP1_STAT | USB_ADR ';\‘AAC’)\‘DDE— CRPT_CWR
11h EP1_CFG2 |DESC_DATA| EP2_REG | EP2_STAT ELFJzSR%R DDRE NDAANTDA— CRPT_SR
12h EP2_CFG1 | PORTA NANEEDAT USB_STAT | PORTE - CRPT_DATA
13h EP2_CFG2 DDRD CRPTEDATA USB _CTRL | RCSTA WRDIF CRPT_KR
14h - PORTD PIR1 EP1_CNT | USB_IE1 RCREG EEggl\?TM— CRPT_CR
15h ; DDRC PIEL EP2 CNT | USBIE2 | TXSTA E'f\fggl'z\"— CSF\Q(',D\ITR—
16h - PORTC - - USB_IE3 TXREG EEgETCi\M— Cﬁg;—
17h - - - - USB_IE4 SPBRG EEAPSDORM— CRPT_IMIT
He 3aBucuT oT HOMepa agpecyemoro 6aHKa
18h PRODL
19h PRODH
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1Ah-1Fh Pernctpbl 06LLEero Ha3Ha4YeHNS.
BaHk 0 BaHk 1 BaHk 2 BaHk 3
20h Peructpbl obwero | Peructpbl obwero | Pernctpbl obwero | Pernctpbl obuiero
FFh Ha3Ha4vYeHus. HasHa4vyeHus. Ha3Ha4YeHus. Ha3Ha4YeHus.

[lpumeyaHue:
1. Peructpbl SFR B obnactn agpecos 10h-17h pa3butbl Ha 6aHku. Mnagwwuin nonybant

peructpa BSR onpegenset BblbpaHHbIn HOMep 6aHka. Bce He opraHus3oBaHHble B
GaHKn perncTpbl UITHOPUPYHOT 3HaYeHnst buToB pernctpa BSR.

2. O6bnactb namatn GPR ¢ agpecamn 20h-FFh, 120h-1FFh, 220h-2FFh n 320h-3FFh
pa3buta Ha 6aHkn. CTapwwmin nonybant pernctpa BSR onpeagensieT BolGpaHHbIN HOMEpP
OaHka. [lpyrue perncTpbl naMsaT UTHOPUPYIOT 3HavyeHns 6utos pernctpa BSR.

3. YteHue noboro He CyLLECTBYIOLLIErO perucTpa AaeT 3HaYeHne paBHoe HynH.

Tabnuua 11
PerncTpbl cneumnanbHOro HazHa4yeHns
POR, MCLR,
Appec| HasBaHne [6ut7 | 6mMT6 | OMUTS | OMUT4 our3 |omt2 [ 6muT1 |6UTO BOR | WDT
He 3aBucuT oT HOMepa agpecyemoro 6aHka.
ncnonb3yeT cogepxmmoe FSRO ona agpecaunmn naMmaTtn gaHHbIX
00h INDFO
(cbnsnyeckn He peannsoBaH)
- 0000 | uuuu
01lh FSRO ykaszaTenb 0 agpeca, ona KOCBEHHOM agpecaumn NnamaTy AaHHbIX 0000 | uuuu
0000 | 0000
02h PCL Mnagwme 8 6uUT cyeTuMKa KomaHg 0000 | 0000
0000 | 0000
03h PCLATH | peructp-3aLlenka gnsi ctapwmnx 8 6Gut cyuetynka komaHa 0000 | 0000
1111 | 1111
04h ALUSTA FS3 FS2 FS1 FSO oV z DC C 0000 | 0000
INTED 0000 | 0000
05h TOSTA G TOSE TOCS TOPS3 TOPS2 TOPS1 | TOPSO - 000- | 000-
--11 --11
06h CPUSTA - - STKAV | GLINTD TO PD POR BOR 1140 | qqiu
0000 | 0000
07h INTSTA PEIF | TOCKIF | TOIF INTF PEIE TOCKIE | TOIE INTE | 5900 | 0000
ncnonb3yeT cogepxmmoe FSR1 ona agpecaunn namsatT aHHbIX
08h INDF1
(dbn3mnyeckn He peannsoBaH)
. 0000 | uuuu
09h FSR1 ykasatenb 1 agpeca, Angd KOCBEHHOW agpecaumm NnamaTy AaHHbIX 0000 | uuuu
. 0000 | 0000
OAh WREG pabouni pernctp 0000 | 0000
. . . 0000 | 0000
0Bh TMROL Mnagwun 6ant pernctpa tanimepa 0 0000 | 0000
. . . 0000 | 0000
0Ch TMROH cTapwwun 6ant pernctpa tanmepa 0 0000 | 0000
. . 0000 | 0000
ODh TBLPTRL | mnagwun 6ant TabnmMyHoro ykasatens namsit nporpamm 0000 | 0000
. . 0000 | 0000
OEh TBLPTRH | cTapwwui 6anTt TabnnyHoro ykasartensa namaty nporpamm 0000 | 0000
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0000 | 0000
OFh BSR perncTp Bblbopa 6aHka NnamMATN JAHHbIX 0000 | 0000
BaHk 0
10h | EP1_CFG1 - | MakcumarnbHbIi pa3mep naketa nepBoit OKOHEYHOW TOYKM “000 | -000
- 0000 | 0000
BLOCK_| TYPEL TYPEO MODE2_ | MODEL_| MODEOQ -000 | -000
11h | EP1_CFG2 - EP1 | EP1 EP1 EPL | EP1 | EP1 000- | 000-
y y . -000 | -000
12h EP2_CFG1 - MakcumarnbHbI pa3mep naketa BTOPOM OKOHEYHOMW TOYKM 0000 | 0000
BLOCK_E TYPEL1 TYPEO MODE2_ | MODEL_| MODEOQ -000 | -000
13h | EP2_CFG2 - P2 | EP2 EP2 EP2 | EP2 | EP2 000- | 000-
14h -
15h -
16h -
17h -
BaHk 1
-000 | -000
10h | DESC_ADR | perucTtp agpeca nons geckpunropa 0000 | 0000
0000 | 0000
11h |DESC_DATA| peructp 3Ha4yeHnsa nonsa geckpunropa 0000 | 0000
12h PORTA - - - - PORTA [3:0] wox | uuuu
1111 | 1111
13h DDRD(4) | peructp Bblbopa HanpasneHus gaHHblx ona PORTD 1111 | 1111
_ XXXX | uuuu
14h | PORTD(3,4) PORTD [7:0] oo | uluu
1111 | 1111
15h DDRC(4) | peructp Bblbopa HanpasneHus gaHHblx ona PORTC 1111 | 1111
_ XXXX | uuuu
16h | PORTC(3,4) PORTC [7:0] XXXX | uuuu
i |- - -] S R R R el
BaHk 2
. o 0000 | 0000
10h EP1_REG | pernctp AaHHbIX FIFO nepBon OKOHEYHOW TOYKM 0000 | 0000
o y 0000 | 0000
11h EP2_REG | pernctp gaHHbix FIFO BTOpon OKOHEYHOW TOYKM 0000 | 0000
NAND _ o 0000 | 0000
12h DATAZ Pernctp gaHHbix koHTponnepa sHewHen NAND Flash (3epkano) 0000 | 0000
13h CRPT_ Pernctp gaHHbix 6noka nogaepxku anroputma FOCT 28147 0000 | 0000
DATAZ2 (3epkano) 0000 | 0000
--00 | --00
14h PIR1 CRPTIF |EEPROMIF |NANDIF USBIF  [TXIF RCIF 0010 | 0010
--00 --00
15h PIE1 CRPTIE |EEPROMIE |NANDIE  |USBIE [TXIE RCIE 0000 | 0000
16h : |
17h : N
BaHk 3
BLK1 --00 --00
10h | EP1_STAT - - DATA | ACTIV1 FULLL |EMPTYL o0 | g
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BLK2 --00 --00
11h | EP2_STAT - - DATA | ACTIV2 - - FULL2 |EMPTYZ 0 | oo
12h -
13h -
14h | EP1_CNT | perucTp cyeTymKa 4ncra CrioB B NepBOii OKOHEYHOW TOYKe “000 | -000
- 0000 | 0000
o o -000 | -000
15h EP2_CNT | perucTp cyeT4ymka 4yucrna crnoB BO BTOPOU OKOHEYHOU TOYKe 0000 | 0000
16h -
17h -
BaHk 4
10h | USB_ADR | peructp cyHKLMoHansHoro agpeca USB ycTpoiictea “000 | -000
= 0000 | 0000
11h USB_ BUS_ | DROP_F| TO_ SEQ_ NSE_ PID_ | CRC16_| CRC5 E| 0000 | 0000
ERROR ERR RM ERR ERR ERR ERR ERR RR | 0000 | 0000
ADR_ | CONF_ USB_ EP2_ EP1_ EPO_ | usB_ | -000 | -000
12h | USB_STAT SET SET RST SEL SEL SEL | BUSY | 0000 | 0000
USB USsB FULL USB --00 --00
13h | USB_CTRL i TEST2 TEST | LOW | EN | 0000 | 0000
EP2_FULL_EP2 EMP| EP1_ |[EP1_EMR ----
14h USB_IE1 i IE TY_IE | FULL_IE| TY_IE | 0000 | 0000
USB USB 0000 | 0000
15h USB_IE2 | rsT iE| BUSY IE )
16h USB IE3 BUS_ | DROP_| TO_ SEQ_ NSE_ PID_ | CRC16_| CRC5_| 0000 | 0000
- ERR_IE | FRM_IE| ERR_IE| ERRL_IE ERR_IE | ERR_IE| ERR_IE| ERR_IE| 0000 | 0000
USB ADR_ | CONF
17h USB_IE4 i ALL_IE SET_IE | SET_IE| 0-00 | 0-00
BaHk 5
00 | - - - -] S R B el e
11h DDRE(4) | perncTtp Bbibopa HanpasneHus gaHHblix gns PORTE ﬂﬂ ﬂﬂ
] XXXX | uuuu
12h | PORTE(3,4) [PORTE [7:0] wox | uuuu
0000 | 0000
13h RCSTA SPEN | RX9 | SREN | CREN - FERR | OERR | RX9D | oo+ | “no0
perucTp NnpuHMMaeMbIX AaHHbIX NocneaoBaTenbHOro nopra 0000 | 0000
14h RCREG USART 0000 | 0000
15h TXSTA CSRC | TX9 | TXEN | SYNC - TRMT | TX9D 00108 0010(?
16h TXREG perncTp nepepaBaeMblX AaHHbIX NOCefoBaTenbHOro nopTa 0000 | 0000
USART 0000 | 0000
17h SPBRG perncTp ynpasrneHus reHepaTtopomM nocregoBaTtenbHOro nopra 0000 | 0000
USART 0000 | 0000
BaHk 6
10h NAND_ EN_ slﬁ(é\gﬁ IE_BUSY| BUSY_ MODE3_ | MODE2_| MODE1_| MODEO_| 0000 | 0000
MODE NAND | “(Anp~ | -NAND NAND NAND NAND | NAND | NAND | 0000 | 0000
NAND _ - 0000 | 0000
11h DATA perncTp gaHHbIX KoHTponnepa sBHewHen NAND Flash namstu 0000 | 0000
12h |- - - -] S D R B e e
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perncTp 3agaHus BpeMeHHbIX Xxapaktepuctuk FLASH-namsatn 0000 | 0000
13h WRDIF
nporpamm 0101 | 0101
EEPROM_ 1000 | 1000
14h CONT EETEST |CPTEST | VEE2 VEE1 BRG2 | BRGL | BRGO | 0o | o000
EEPROM _ IE_BUSY MODE2_| MODE1_|MODEO_| 0000 | 0000
15h | “mope — | EN-FE g | BUSY-EE EE | EE | EE | 0000 | 0000
EEPROM_ 0000 | 0000
16h DATA perucTtp gaHHbix EEPROM 0000 | 0000
EEPROM_ 0000 | 0000
17h ADDR pernctp agpeca EEPROM 0000 | 0000
BaHk 7
MODE1_|MODEO_| 0000 | 0000
10h |CRPT_CWR/| BIST | RST |[IE_CRPT DIR START IM CRPT_| CRPT | 0000 | 0000
DNC ERROR_| READY_| 0--- 0---
11h | CRPT_SR | 57 CRPT | CRPT | -000 | -000
0000 | 0000
12h |CRPT_DATA |[Pernctp AaHHbIX Wndppaumm 0000 | 0000
0000 | 0000
13h CRPT_KR |Pernctp knto4a wudpaumm 0000 | 0000
0000 | 0000
14h CRPT_CR |Perncrtp KOHCTaHT 3aMeHbl 0000 | 0000
0000 | 0000
15h |CRPT_SYNR [Pernctp CUHXpOnOCHLINKN 0000 | 0000
EN_ y -010 | -010
16h | CRPT_ITER crpT | Hvcno utepaumi 0000 | 0000
0000 | 0000
17h | CRPT_IMIT |Pernctp MMMTOBCTaBKM 0000 | 0000
He 3aBucuT OoT HOMepa agpecyemMoro 6aHka
Mnagwun 6ant 16-tm GutHoro pesynbtaTta (8x8 butHoe 0000 | 0000
18h PRODL
annapaTtHoe YMHOXEHMe) 0000 | 0000
cTapwun 6anT 16-Tn BuTHOro pesynbTaTa (8x8 GuTHOE 0000 | 0000
19h PRODH
annapaTtHoe YMHOXEHUe) 0000 | 0000
O60o3Ha4yeHus:
X = He N3BECTHO; U = He UBMEHSIETCS; - = HEe peanu3oBaHo, yntaetcsa «0»; q = 3aBUCUT OT
YCIOBUMN.

[MpumeyaHus:
1. K crapwemy 6anty cyetynka komaHg HeT npsmoro goctyna. PCLATH - ato peructp-

3awenka gna PC<15:8>. an/I BbINOJTHEHNN HEKOTOPbLIX KOMaHA 3Ha4deHune pernctpa

PCLATH nepenucbiBaetca B PC<15:8>,

nepenucbiBaetca B PCLATH.
2. BHewHun copoc ot BbiBoga MCLR He BnusieT Ha cTtaTycHble 6utbl TO 1 PD peructpa

CPUSTA.
OT0 TO 3HayeHue, KoTopoe ByaeT Ha BbIXOAHOM 3allerke nopra.
Korga npubop ckoHdurypmpoBaH ans «MwukponpoueccopHoro» un «PaclumpeHHoro

nnn HaoboporT:

3HayeHne PC<15:8>

MUKPOKOHTPOINIEPHOIO» PEXMMOB, (PYHKLMOHMPOBAHME ITOr0 MopTa He CBA3aHO C
3TUMU perncTpamu.
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Pernctp craryca npoueccopa (ALUSTA) - pernctp copepxut OuTbl cTaTyca
apudMeTU4ecKoro n Jorm4eckoro OfnokoB W OUTbl ynNpaBneHWs pPexMMoM NS pexuma
KOCBEHHOM agpecaunn.

Kak B cnyyae co Bcemun pgpyrumu pernctpamu, B pernctp ALUSTA moxeT ObiTb
3arpyxeH pesynbTaT BbIiNONHEHNA Nobon komaHabl. Ecnn permctp ALUSTA sBnsietca mectom
Ha3HayeHusa Ansa pesynbTaTa onpegeneHHon KoMaHabl, KoTopas MoOXeT uamMeHATb 6utel Z, DC,
C n OV, 10 3anucb B atM 4 6Guta 3anpewaerca. OTM OBUTbI ycTaHaBNMBaKTCA WU
cbpacbiBaloTCs B COOTBETCTBMM C pe3ynbTaToOM BbINOSIHEHUA KOMaHAbl. CrnegoBaTesibHO,
pesynbTaT BbINOSIHEHUSA KOMaHabl ¢ permctpom ALUSTA B kavecTBe MecTa HasHaveHus
pesynbTata MOXeT CTaTb OTMMYHbLIM OT TOro, YTO HageaAnucb nony4ntb. CnegoBaTenbHO,
pekomeHayetca Ans wmameHeHna ALUSTA-pernctpa wucnonb3oBaTb TOSMBKO criegylowime
komaHabl: BCF, BSF, SWAPF n MOVWF, T.K. 9T KOMaHAbl HE BNUAIOT Ha Kakue-nndo
ctatycHble 6uTbl. YTOBLI NOCMOTpPETb, Kak ApyrMe KoMaHObl BUSKOT Ha cTaTyCHble GuThl,
CMOTpUTE OnMcaHne CUCTEMbl KOMaHA,.

ApudmeTtnyeckmin 1 normyeckuin 6nok (AJ1Y) moxeT NponsBoauTb apumeTmyeckme u
normyeckue onepauum Hag ABYMSA onepaHgamMu unm ¢ ogHuM onepaHgom. Bce komaHabl C
ogHUM onepaHaom npoussogaTca nmbo ¢ WREG-pernctpom nubo ¢ gaHHbIM (hannoBbiM
permctpom. B komaHgax ¢ ABymsi onepaHgamun oaunH onepaHg — ato WREG-perucTp, apyrom —
nnbo gannoBbli pernctp, Nnbo 8-mu BUTHaA KOHCTaHTa.

Tab6nuua 12
Pernctp ALUSTA (agpec: 04h, He 3aBucnut oT HoMepa 6aHka)
R/W-1 R/W-1 R/W-1 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0
FS3 FS2 FS1 FSO oV Z DC C
out 7 6 5 4 3 2 1 out 0
FS3:FS2: 6uthl BbibOpa pexnma FSR1
61T 7.6 00 = aBTOAEKPEMEHT BenuunHbl FSR1 nocne BbinONHEHNA KOMaHAbI
’ 01 = aBTOMHKPEMEHT BennymHbl FSR1 nocne BbINONHEHUS KOMaHAbI
1x = 3Ha4YeHne FSR1 He nameHsietca
FS1:FSO0: 6uthl BbibOpa pexnma FSRO
00 = aBTOAEKpeMeHT BennunHbl FSRO nocne BbiNONHEHNSA KOMaHAbI
out 5,4 _
01 = aBTOMHKpEMEHT BennymHbl FSRO nocne BbINONHEHUS KOMaHAbI
1x = 3Ha4YeHne FSRO He nameHsietca
OV: 6uT nepenosnHeHns
OTOT BMT Mcnonb3yeTcsa Anst 3HakoBOW apumeTrkn (GononHeHne o 2).
OH nokasbiBaeT nepenoriHeHne, Korga 3HakoBbI 6UT (7 6UT) nameHseT
COCTOSIHUE.
ont 3 — .
1 = npoun3oLusio nepenonHeHne Ana 3HaKOBOW apudPMeTHKM B
apudMeTYecKnx onepaunsax (T.e. pesynbTtaT Ansi 3HAaKOBOW
apumeTukn npesbicun +127, unun ctan MeHblue Yem —128)
0 = He Npon3oLno nNnepenonHeHne
Z: donar Hyn4a
ouT 2 1 = pesynbTaTt apngmeTMYecKkon nnu nornyeckomn onepavmm paseH 0
0 = pesynbTaT apMpMeTUYEeCKOn U NTIOrM4yeckon onepauyumn He paseH 0
DC: cbnar gecatnyHoro nepeHoca/saema
Ona komang ADDWF n ADDLW.
ouT 1 1 = npousoLwlen nepeHoc u3 4-ro cH13y 6uta pesynbTaTa
0 = He BbINO NnepeHoca u3 4-ro cHM3y buta pesynbTaTa
[MpumeyaHue: ansa 3aema 3HavYeHne MHBepCcHoe (4NA KoMaHAa
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BblYUTAHWUSA)

6ut 0 C: cbnar nepeHoca/zaema

Ons komang ADDWF n ADDLW. OTMeTum, 4To BblYUTaHME
BbINOJSIHAETCSA JONOSIHEHUEM A0 2 BTOPOro onepaHaa.

Ana komang casura RRCF n RLCF atoT 6uT 3arpykaetcs nmbo
cTapwwmm, nmbo mnagwmnm 6UTom perncTpa-mcToyHuKa.

1 = npomsoLlen NnepeHoc U3 camoro 3Havawero 6uta pesynbtata
0 = HeT nepeHoca 13 caMmoro 3Hadvallero 6uta pesynbTaTta.
MpumeyaHue: ansa 3aema 3HavyeHne MHBepCcHoe (4NA KoMaHAa
Bbl4MTaHMUSA)

Obo3HavyeHus:

R = 6ut ang yteduns; W = OUT ¢ BO3MOXXHOCTbIO 3anuncu;

U = 6uT He peanunsoBaH, YntaeTcs kak 0;

-n = 3Ha4yeHune 6uta nocne copoca No BKMNHYEHUIO NMUTAHWS:
1 = yCcTaHOBNEH,;
0 = cOpoLueH;
X = 3Ha4YeHne He U3BECTHO.

Peructp cratyca UMY (CPUSTA) cogoepXuT cTaTyCHbI 1 ynpasnsawowmim 6utsel ans
LUMyY. 3T1oTr pernctp cogepxut OuT, KOTOpbIM  Ucnonb3yeTcsa Ans  rnobanbHoro
paspelueHus/3anpeLlleHms npepbiBaHnn. Ecnu Heobxoammo paspelnTb/3anpeTuTb TOMbKO
onpeaeneHHoe npepbiBaHME, MCMNONb3YHTCA peructpbl cratyca npepbiBaHun (INTSTA) wnu
pernctpbl paspelwieHuss npepbiBaHun oT nepudpepumn (PIE). Peructp CPUSTA Takxke
nokasblBaeT, [OOCTYNHOCTb CTeka, W coaepxuT dnarn BkoveHna nutanua (PD) u
nepenonHeHus ctopoxesoro Tanmepa (TO). butel TO, PD n STKAV gocTynHbl TONLKO AN
yTeHusi. OHM ycTaHaBNMBaAKOTCSA U cOpacbiBalOTCA B COOTBETCTBUM C NOrMkon npubopa.
CnepoBaTtenbHO, pesynbTaTt BbiNOHEHNA komaHabl ¢ pernctpom CPUSTA B kayecTBe mecTta
Ha3HayeHus pesynbTaTa BbINONHEHNSA MOXET ObITb OTIIMYHbBIM, HEXENN OXNAAN0Ch.

But POR nossonsier otnnuntb COpPOC nNpu BKIKOYEHUM nuTaHua oT BHewHero MCLR
cbpoca wunm cbpoca nNO nepenonHeHWO cTopoxeBoro Tammepa. but BOR saBnsetcsa
WHOMKATOPOM cOpoca MO CHWXKEHUID HanpsbkeHust nuTaHus (TOMbKO B Cryvae ecnu cxema
cbpoca No CHWXKEHUIO HaNPSPKEHUS NMTaHUS BKINKOYEHa B pernctpe KoHdurypaumm).
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Tabnuua 13

Pernctp CPUSTA (agpec: 06h, He 3aB1CcUT 0T HOMepa 6aHka )

U-0

U-0

R-1

R/W-1

R-1

R-1

R/W-0

R/W-0

STKAV

GLINTD

TO

PD

POR

BOR

out 7

5

4

3

2

1

out 0

o6uT 7,6 He peanv3oBaHbl: YATAKTCA 3HAYEHWUsI paBHbIE HYIO.

STKAV: chnar goctyna K cTeky

OTOT pnar nokasblBaeT, YTO BenMUnHa 4-x BUTHOro ykasaTtens crteka
paBHa Fh, unu npousowen nepexog ot Fh k Oh, T.e. nepenonHeHve
cTeka.

1 = cTek pgoctyneH

0 = CTeK NosioH, UM NPOU3oLLISIO NepenosiIHeHne cTeka (C Tex nop, kak
3TOT 6UT ObIN cOpoLLEH NpU NEPENOSTHEHUN CTEKa, TONbKO «COPOCH
(RESET) npnbopa MoXeT yCTaHOBUTb 3TOT OUT)

out 5

GLINTD: 6ut rmobanbHoro 3anpeta npepbiBaHum

OTOT OMT 3anpeLlaeT Bce npepbiBaHus. Koraa npepbiBaHns
paspeLLeHbl, TO Bbi3BaTb NPEPbIBAHNSA MOTYT TONbKO MCTOYHUKN C
yCTaHOBMEHHbIMU BUTaMn paspeLleHns NnpepbiBaHNS.

1 = 3anpeLyeHbl BCe npepbiBaHUs

0 = paspelueHbl Bce HeMaCKMpPOBaHHbIE NpepbiBaHUS

out 4

TO: donar nepenonHeHns CTOPOXKEBOro Tanmepa

1 = ycTaHaBnuBaeTcA Nocne BKAYEHUA NUTAHUS UIK BbINOMHEHWUS
komaHg CLRWDT wunun SLEEP

0 = nocrne nepenosiHeHUs1 CTOPOXXEBOro Tanmepa

outr 3

PD: donar BKNoYeHNA NUTaHna

1 = ycTaHaBnmBaeTCcd Nocrie BKIYEHUS MUTaHUS UKW BbINONTHEHUS
komaHabl CLRWDT

0 = nocne BbINonHeHna komaHabl SLEEP

ouTt 2

POR: donar cbpoca npu BKNHOYEHUN NMUTaAHUSA

1 = He ObINO cOpoca NpU BKNHOYEHUN NUTAHUS

0 = npownsoLen cbpoc npu BKAOYEHUN NNTAHUA (BUT JOMKEH ObITb
YCTaHOBJIEH NPOrpamMMHO)

out 1

BOR: chnar cbpoca no CHMXKEHMIO HANPSXKEHUS NMUTAHMUS

Korga 6ut BODEN B pernctpe koHgurypauum yctaHoBIEH
(paspeLueHo):

1 = cBpoca npu CHMXKEHUM NUTaAHUSA He Bbino

0 = npousoLen c6poc Npu CHMXEHUU NUTaAHUA (OUT SOMKEH BbITb
YCTaHOBJIEH MPOrpamMMHO)

Korga 6ut BODEN B pernctpe koHgurypaumm cbpolueH (3anpeLeHo):
3HayeHue buta 6e3pasnnyHo

out 0

Ob6o3Hay4yeHus:.

R = 6ut anga ytenus; W = 6UT C BO3MOXHOCTbIO 3aMnuncH;

U = 6uT He peanun3oBaH, YntaeTcs kak 0;

-n = 3Ha4yeHue buta nocne copoca No BKNHOYEHUIO NMUTAHWS:
1 = yCcTaHOBNEH,;
0 = cOpoLueH;
X = 3Ha4YE€HNEe He N3BECTHO.
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Peructp cratyca ynpaBneHuss TMRO (TOSTA). OToT peructp cooepXut pasnuyHble
6utbl ynpasnenuns. but 7 (INTEDG) mncnonb3dyetca ans Bbibopa ynpaBnswowero nepenaga
curHana (cpoHT wnnM  cnag curHana) npu kotopom Ha BbiBoge PAO/INT  6yaer
ycTaHaBnmBaTbCca dnar 3anpoca npepbiBaHna INTF. OctanbHble ©uTbl KOHUrypupytoT
Tanmep 0, ero npegaenvrenb U UCTOYHWUK TaKTOBbIX CUTHArOoB.

Tabnuua 14
Pernctp TOSTA (agpec: 05h, He 3aBucUT OT HoMepa BaHKa)

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

U-0

INTEDG

TOSE

TOCS

TOPS3

TOPS2

TOPS1

TOPSO

outr7

5

4

3

2

1

out 0

INTEDG: 6uTt BbiGopa ynpaBnsitoLero nepenaga curHana Ha BbiBoge
PAO/INT gna npepbiBaHusi. ATOT 6UT BbIGMpaeT, Ha OpoHTE Unn
cnage curHana 6yget npoucxoanTb NpepbiBaHue.

1 = dpoHT curHana Ha sbiBoge PAO/INT reHepupyeT npepbiBaHue

0 = cnag curHana Ha BbiBoge PAO/INT reHepupyeT npepbiBaHne

our7

TOSE: 6uT BbiGOpa ynpaBnstoLwero nepenaga curHana npu BHELWHEM
TakTupoBaHum Tanmepa 0. SToT 6UT BbIOMpaeT, Ha poHTE Unn cnage
curHana tanmep 0 BygeT MHKpEMEHTUpPOBaATLCS.

Korga TOCS=0 (BHeLWHee TakTUpoOBaHue):

1 = dpoHT curHana Ha BbiBoge PA1/TOCLK nHkpeMeHTUpyeT Tanmep
0 u/vnun yctanasnueaet TOCKIF - 6ut

0 = cnag curHana Ha BbiBoge PA1/TOCLK uHkpemeHTnpyeT Tanmep 0
n/vnn yctaHaesnueaeT TOCKIF - 6ut

Korga TOCS=1 (BHyTpeHHee TakTupoBaHue):

3HayYeHune buta 6e3pasnmyHo

out 6

TOCS: 6uT BbIbOpa UCTOYHMKA TakTUpOoBaHUA Ansa Tanmepa 0. OToT
OuT BbIOMpPaeT NCTOYHUK CUHXPOHM3aUnn ons Tanmepa 0.

1 = BHYTPEHHSASA TaKkTOBas YacToTa C reHepaTopa umknos (Tcy)

0 = BHelwHee TakTMpoBaHue ¢ BbiBoga PA1/TOCLK

out 5

TOPS3: TOPSO: 6utbl Boibopa npegaenutens ansa tTanmepa 0. 9tn
Ou1TbI NO3BONSAIOT BbIOpaTh BENUYMHY AeNeHns npeaaenurens:
0000-1:1 0001-1:2 0010-1:4 0011 -1:8

0100-1:16 0101-1:32 0110-1:64 0111-1:128

Ixxx - 1:256

out 4-1

out 0

HE pealin3oBaHO. YNTaeTCd 3Ha4eHNe paBHOE HYIIHO

Ob6o3Hay4yeHus:.

R = 6ut onga ytenus; W = 6UT C BO3MOXHOCTbIO 3aMnuncH;

U = 6uT He peanun3oBaH, YntaeTcs kak 0;

-n = 3Ha4yeHue buta nocne copoca No BKMNHOYEHUIO NMUTAHWS:
1 = yCcTaHOBNEH,;
0 = cOpoLueH;
X = 3Ha4YeHne He U3BECTHO.
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PYHKUUOHUpPOBaAHUE cMeKa

MwukpokoHTponnep wumeeT 16x16 6ut annapatHbin ctek (cm. Puc. 18). Ctek He
ABNSAETCA YyacTbio obnacTv naMaTu NporpaMm UNU OaHHbIX, ykasaTernb cTeka He ABNSEeTCH HU
CUYMTbIBaeMbIM, HU 3anucbiBaembiM. 3HadYeHne cyetynka komaHg PC nomewaetca (PUSH) B
CTeKk, korga BbinonHsTca komanabl CALL n LCALL wnu npousowrno npepbiBaHune. CTek
BoccTaHaBnueaet 3HavyeHne PC (POP) B cniyyae BbinonHeHns komaHg RETURN, RETLW vnu
RETFIE. Onepaunn «PUSH» n «POP» He BnusoT Ha PCLATH (3awuenky).

Crtek paboTaeT kak KpyroBon Oydep C ykasaTenem creka, COPOLIEHHbIM B HyrneBoe
3HayeHue nocrne nbbix TMNOB cOpPOCcOB. B cTeke cywiecTByeT onpeaeneHHsin 6ut (STKAV),
NoO3BONSOLWMIA NPOrpaMmMHO Y6eanTbCa B TOM, YTO HE NPOMU3OLLNO NepenosniHeHnsa cteka. but
STKAV yctaHaBnunBaetcsa nocrne cbpoca npubopa. Koraga ykasatenb CTeka CTaHOBUTCSI paBeH
Fh, STKAV cbpacbiBaeTcs. Ecnu ykasatenb cteka npoxoaut agpeca ot Fh k Oh, 6ut STKAV
OyneT octaBaTbCsa cOpOLLEHHBIM 40 TEX NOpP, NoKa He npounsonaeTt cbpoc npubopa.

[NpumeyaHue:

e He npeaycMOTpeEH crneumanbHbIn CTaTyCHbI BUT ans 3anonHeHHoro cteka. STKAV-out
MOXeT ObITb MCNONb30BaH Ans obHapy>XeHUsA TOro, YTO CTeK 3arnofiHEH, B pesynbTaTe
Yyero ykasaTersb CTeka Haxo4uTCs Ha ero BepLUMHe.

e 3aecb HEeT KOMaHOHOW MHEMOHUMKN, Ha3dbiBaemon «PUSH» unn «POP». 310 pgencreus,
KoTopble npoucxoasaTt npu BbinonHeHun komang CALL, RETURN, RETLW un RETFIE
nnu obpaLleHnn K BEKTOpYy NpepbiBaHUS.

e [locne cbpoca ecnn onepauusi «POP» wnmeetr mecto o onepauun «PUSH», o6ut
STKAV 6yaeT cOpolueH. ITO BLIMSANT TaK Xe, Kak B crnyyae Korga CTek nonoH. Ecnu
cnegywouwen sboinonHaetca onepauus «PUSH» (nepep cnepyrowmm «POP»), To 6UT
STKAV 3adumkcnpyetca copolueHHbIM. N Tonbko copoc npubopa yctaHaBnuBaeT 3TOT
our.

Mocne Toro, kak npubop 16 pas ocywecTteun onepaumto «PUSH» (6e3 onepauuu
«POP»), 17-n «push» 3anucbiBaeT 3HayeHue noBepx nepsoro. 18-n «push» 3anucoiBaeT
cBepxy BToporo «push» (1 1.4.).

KoceeHHasi aOpecayusi

KocBeHHas agpecaumns — 3TO pexnm agpecaumm namsatyv gaHHbIX, NpU KOTOPOM agpec
namMsiTM OaHHbIX B KOMaHOe He uKcupoBaH. Takum obpas3om, agpec perncrpa, u3 KoToporo
OyoeT Npom3BOOUTLCS YTEHME UMM B KOTOPbIN BygeT Npou3BOAMTBLCHA 3anuUcb, MOXET ObiTb
MoanduumMpoBaH nporpammMmon. JATO MOXeT ObiTb ygobHo B cnyvyae T1abnuy OaHHbIX,
pa3MeLLeHHbIX B NaMAT AaHHbIX. Ha Puc. 21 nokasaH npuvHUMN KOCBEHHOW agpecauun. Tam
nokasaHa mMogudukauus 3Ha4eHns agpeca naMaTn AaHHbIX, 3HaYeHUEM perncrpa.

Mpumep 3 nokasbiBaeT MCNOMNb30BaHNE KOCBEHHOW agpecaumm ons odnctkn O3Y aaHHbIX (OT
20h po FFh) ¢ MUHUManNbHBIM KOSIMYECTBOM KOMaHA.
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RAM
BBINNOJIHAEMAST
KOMAHIA
Opcode | Address ‘
A
8
File = INDFx
A A
BBIGpAHHASA 8 8
KOMAHIA
| Opcode | File ‘ | FSR |

Puc. 21 KocseHHaa agpecauus

MopobHas koHuenuus MoxeT OblTb WMCNONb3OBaHa ANA MNepeHoca onpeaesieHHoro
yucna 6anT gaHHblx B nepegatowmin pernctp USART (TXREG).

MWKpOKOHTpONep uMeeT [ABe napbl PerncTtpoB Ans peanu3auun  KOCBEHHOM
agpecauun. 310: INDFO, FSRO n INDF1, FSR1. Peructpbl INDFO n INDF1 cdusundeckn He
peanu3oBaHbl. YTeHMe 1 3anucb B 3TU PerucTpbl akTUBMPYET KOCBEHHYK agpecaumio co
3HayeHMeM ajpeca M3 COOTBETCTBylLWero permctpa FSR, KoOTopbIn sBNSieTCA aapecom
AaHHbIX. FSR - 9T0 8-Mn OGUTHBIN perncTp, No3BONSAKWMN agpecoBaTb 0bnactb NamaTu
AaHHbIX ob6beMom 256 6anT. [Ons namsTn, opraHmsoBaHHOW B 6GaHKW, GaHK, K KOTOpoOMy
OCYLLECTBMSAETCA OOCTYN, onpeaenseTca BenudnHon B permctpe BSR.

Ecnn kocseHHO 4vepe3 FSR untaetcsa cam dann INDFO nnu INDF1, To 4yntatoTcs Bce
Hynn. MopobHbiM obpasom, ecnu B INDFO (unn INDF1) nget kocBeHHast 3anucb, onepaums
O6ynet akBMBaneHTHa komaHge NOP, 1 oHa He OoKka3biBaeT BUSIHUSA Ha CTaTyCHble OUTHI.

CyuwiecTBytoT 2 ynpasnsowmx 6uta, cBsa3aHHbIX C kaxabiM permctpom FSR. 3tn 2 6uta
KoHpurypupytoT FSR-pernctp, 4tobbi:

Npou3BoaMTb aBTOAEKPEMEHT 3Ha4YeHna (agpeca) B peructpe FSR nocne gocryna K namsitm ¢
KOCBEHHOW agpecaumen;
e NMPOM3BOANTL aBTOMHKPEMEHT 3HayeHus (agpeca) B pernmctpe FSR nocne goctyna K
namsaTu C KOCBEHHOW agpecaumnen;
e HEe U3MeHATb 3Ha4vyeHue (agpec) B pernctpe FSR nocne goctyna K namMsitu ¢ KOCBEHHON
agpecaumen.

OTn ynpasnswowme 6utsbl Haxogatca B pernctpe ALUSTA. Peructp FSR1 ynpaenseTcs

6utamn FS3 n FS2, a pernctp FSRO ynpasnaetca 6utammu FS1n FSO.
Korga mcnonb3yloTcs aBTOMHKPEMEHTHbIA UMW aBTOOAEKPEMEHTHbIA PEXUMbI, TO U3MEHEHME
peructpa FSR He oTtpaxaetca Ha pernctpe ALUSTA. Hanpumep, ecnv npu KOCBEHHOW
agpecaunn pernctp FSR ctaHeT paBHATbCA Hynto, TO OUT Z ycTtaHaBnuBaTtbesi He OyaeT. Ecnn
pernctp FSR cogepxut BennumHy 00h, kocBeHHOe YTeHue GyaeTt aasatb 3HavyeHue 00h (but Z
YCTaHOBIIEH), B TO BPEMS Kak KOCBEHHAsi 3anucb byaet akeBmBaneHTHa komaHae NOP (31o He
BMMSieT Ha cTaTyCHble BUThI).

KocBeHHasi agpecauus No3BonseT 3a OAMH UMK nepedaBaTb [AaHHble MO BCeMy
afpecHOMYy MpPOCTPAHCTBY MNaMATU AaHHbIX. OTO BO3MOXHO C WCMOMb30BaHWEM KOMaHA
MOVPF n MOVFP, roe nn6o «P» nnbo «F» 3agaHo kak INDFO nnn INDF1. Ecnn nctounuk
U NPUEMHMK NMPU KOCBEHHOW agpecaumn — 3T0 NamsaTb, OpraHmM3oBaHHas B 6aHku, TO gyenka
aocTtyna 6yaeT onpeaenaTbcsa 3HadeHnem B pernctpe BSR.
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Mpumep 3
KocBeHHasi agpecauus

MOVLW 0x20
MOVWF FSRO : FSRO = 20h
BCF ALUSTA,FS1 ; 3agaHne pexnma
BSF ALUSTA,FSO ; @aBTOMHKpemMeHTupoBaHus FSR
BCF ALUSTA,C ;C=0
MOVLW END_RAM + 1
LP: CLRF INDFO,F ; oumncTka syenkn namatm (FSR-ykasaTtens agpeca)
CPFSEQ FSRO ; cpaBHeHne: FSRO = END_RAM+1?
GOTO LP ; HeT, ounctka npogomkaetca
: ; [la, BCA namMATb o4mLLeHa.

Pezucmpsbi Onsi ymeHusi/3anucu mabnuy,

Peructpbl ykasatena Ttabnuy TBLPTRL wn TBLPTRH dopmupytotr 16-Ti ButHOE
3Ha4yeHne A8 agpecaumm NpocTpaHCcTBa NamMsaTy nporpamm pasmepom 64K cros. YkasaTenb
Tabnuy wucnonbsyetca komaHgamu TABLWT u TABLRD. 3T kKomaHabl MNO3BONSAOT
OCYLLECTBUTb Nepefadvy OaHHbIX Mexay obnacTaMmu faHHbIX U nporpamM. Ykasatenb tabnu
CNYXWUT B KadecTBe 16-TM OMTHOro agpeca cnosa BHYTpU nporpammHon namatu. Pernctp
3awenkm Tabnuy, — 16-tn paspsagHbein pernctp. Crtapwuini 6ant pernctpa TBLATH, mnagwwnin
6ant TBLATL. Pernctpbl He OTHOCATCA HM K 0651aCTU NaMATh NporpaMm, HU K obnactm namaTu
AaHHbIX. 3allenka Tabnuy Mcnonb3yeTcs ANs BPEMEHHOW (UKCauUM OaHHbIX BO BpPeEMS UX
nepegaym mMexagy namstblo NporpaMmm M NamaTblo AaHHbIX (CM. onucaHna komang TABLRD,
TABLWT, TLRD n TLWT).

MoOdynb cyemy4yuka KomaHO

Cyetunk komaHg PC - 310 16-TM OuTHBIM perncTp. PCL - mnagwun 6anTt cyeTymka
KOMaH[, HaxoauTca B obnactv namsaty gaHHbix. PCL MOXHO 4YnTath M 3anucbiBaTb TOYHO Tak
Xe kak n nbon gpyron pernctp. PCH — ato ctapwmi 6anT cyetynka kKomaHg, n OH He nveet
npsmon agpecauun. T.k. PCH HaxoguTcs BHE NnamMsaTu NporpaMm M AaHHbIX, TO UCNOSMb3yeTcH
8-mu 6utHbI pernctp PCLATH B kayecTBe yaepkuBaloLlen 3allenkm ans crapwero damrta
cyetymka komaHa. PCLATH HaxoguTca B namMaTy AaHHbIX. [lonb3oBaTenb MOXET CYMTbIBATb
unu 3anuceiBatb PCH yepe3 PCLATH.

16-T GUTHLIN CYETUMK KOMAHL MHKPEMEHTUPYETCS NMocne BbIOOPKM KOMaHObl B TEYEHME
umkna Q1 go Tex nop noka:

e He nameHutcs cnegyrowmnmm komangamu: GOTO, CALL, LCALL, RETURN, RETLW wnu
RETFIE;

e HE U3MEHUTCS NpuU Nepexoe K BEKTOPY NpepbiBaHUS;

e HE U3MeHUTCA B pe3ynbTaTe 3anucu B pernctp PCL peaynbTaTta BbINOTHEHNSA KOMaHAbI.

OTN «nepexodbl» 3KBMBANEHTHbl BbIHYXAeHHoOMY uukny «NOP» ¢ nepexogom mno
agpecy.

Puc. 22 nokasbiBaeT (pyHKUNOHMPOBaAHME CHETHMKA KOMAHL, B pa3fnyHbIX CUTYyauusx.
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Pa6oTta cyetumka komaHg (PC) n pernctpa PCLATH gns pasnuyHbiX KOMaHAa;:
e Komanpa LCALL:
8-Mun BUTHBIN agpec ykasaH B koge komaHabl, PCLATH He nameHseTcs.
PCLATH —> PCH; 6utbl komaHgbl <7: 0> -> PCL
¢ Jlio6asa komaHaa uteHuna ns PCL:
PCL —> wwuHa gaHHblx —> ALU unu npuemnuuk; PCH —> PCLATH
e Jlio6as komaHaa 3anucu B PCL.:
8-Mn OUTHbIE JaHHble —> WKrHa gaHHbiX —> PCL; PCLATH —> PCH
e Jlilobas kKomaHpa uTeHusa — moaucpmkaumm — 3anmcu PCL (Hanpumep ADDWF
PCL,F):
Utenune: PCL -> wunHa gaHHbIx -> ALU
3anunck: 8-Mun GUTHbBIN pe3ynbTaT -> WNHA AaHHbIX -> PCL
PCLATH —> PCH
e KomaHpa RETURN:
Copepxumoe creka -> PC<15:0>
e KomaHabl CALL, GOTO:
13-Tn BUTHLIN agpec ykasaH B Kofe KOMaHAbl
OuTbl KOMaHAabl <12:0> -> PC<12:0>
PC<15:13> -> PCLATH<7:5>
OuTbl KOMaHAabl <12:8> -> PCLATH<4:0>
KomaHgbl 4TeHus — mogudumkaumm — 3anmcu Bo3genctByroT Tonbko Ha PCL. PCH
3arpyxaetca 3HadeHnem n3 PCLATH. [Ons npumepa ADDWF PCL,F npuBenet k nepexoay B
npegenax Tekywen ctpanuubl. Ecnn PC=03F0h, WREG=30h n PCLATH=03h po Havana
AencTBmst KomaHabl, To nocne ee gencrena PC=0320h. YTobbl BbINONHUTL NpaBuiibHbIN 16-Tn
OanTHbLIM Nepexon, HeobxoaMmMo BblHMMCIUTL 16-TM OGUTHBLIM agpec npuemMHuKa, 3anucaTtb
ctapwwun 6ant B8 PCLATH un Torga 3anucats mnagwwuin B PCL.
Cnepgyrowme KoMaHbl, CBSA3aHHbIE C CHETYMKOM KOMaHA, He nameHsaT PCLATH:
e LCALL, RETLW n RETFIE;
e riepexop K BeKTopy npepbiBaHus;
e KOMaHAbl YTeHMs — Moaudmkauum - 3anncu n 3anucu ans PCL.

15 13 12 8 7 0

BHYTPeHHAA UIHA JAHHABIX (3 6HT)

< : : :} I 0T KOMAHIEBI
PN
%FS PCj/‘s/:13> ﬁ5
3
PCLATH 8 L0 8
| PCLATH
v 15 8 7 \ 0
T
PCH | PCL PCH . PCL

Puc. 22 OyHKUMOHNPOBaHME cHeTYMKA KOMaHA (CreBa) U CHETYMK KOMaHA, NPV BbIMOSTHEHNM
nHcTpykuun CALL n GOTO (cnpasa)
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Pezucmp ebibopa 6aHka (BSR)

Pernctp Bblbopa 6aHka BSR ucnonb3yetca ans nepeknoyveHus mexagy GaHkamu B
obnacTty namaTn gaHHbIX (CM.
Puc. 23). Mnagwwui nony6ant ucnonb3dyeTtcs ana Bolbopa 6aHka nepudepumnHoro perncrpa,
Ans ero 3anucu ucnonb3yetcss komaHga «MOVLB bank». Ctapwumin nony6anTt ucnonb3yeTcs
Aansa Bblbopa 6GaHka namsatM obuwero HasHadeHus (O3Y), ons ero 3anucu UCnNonb3yeTcs
komaHga «MOVLR bank». Ecnu BbiOpaHHbIN 6aHK U3nMYeckn He peanu3oBaH, TO Npu ero
yTeHun OyayT cuuTbiBaTbCs BCe Hynu. Jliobas 3anmcb B obGnacte namatn  Oyaget
COOTBETCTBEHHO YCTaHaBnMBaTb Unn copacbiBatb 6utbl coctosaHnsa AJTY.

7 43 0

BSR

HATIATOH |
aapecor

1
15

I I I I
5 6 7 8
SFR OaHK
L] (mepHgepHIHELT)

1

4

3 faHk 4 Oank 5 O0aHk 6 Oank7 OaHK 8  Gamk 15
\

10h

e

]

~

17h

aHK 0 OaHk 1 Gamk 2 0a

5

\ I
1 2
T

I
I 1

0
AHK
\
0 1 2
aHK

o
T
3 4 15
20h GPR Gamnk
see (RAM)
FFh
o 0 Oanx1 OaHK 2 OaHK 3 Gamux 4 GaHK 15

Puc. 23 ®dyHkunoHuposaHme BSR

CyumbieaHue u 3anucb mabnuy 0aHHbIX

MukpokoHTpornep umeeT 4 KOMaHAbl, KOTOopble AalT BO3MOXHOCTb MNepeHOCUTb
AaHHble M3 obnacTn namsaTn gaHHbIX B 06racTb naMmsaTn nporpaMmm M HaobopoT. T.K. namatb
nporpaMmm 16-tM GuTHadA, a namaATb AaHHbIX 8-Mu OGuTHadA, To Ansa nepeHoca 16-Tm GUTHOM
BESIMYUHBI JAHHbLIX B NaMATb AaHHbIX UK M3 NaMATU OaHHbIX TpebyeTcs 2 onepauun. Ons
3anMcu AaHHbIX M3 NaMATU OaHHbIX B MaMATb NporpaMm UCMOSb3yTcs 2 cnegywowme
komaHabl: TLWT t,f »n TABLWT t,i,f. lna 3anucmn gaHHbIX M3 namatv nporpaMm B namstb
AaHHbIX ncnonbaytotcsa 2 cnegyowme komaHabl: TLRD t,f u TABLRD t,i,f. OnepaHa komaHAbl
TABLWT - «i» onpegenseTt: TpebyeTca nn aBTOMaTUYECKN MHKPEMEHTUPOBATbL BENNYMHY 16-
Tn BuTtHoro pernctpa TBLPTR (ansa cneaytowen 3anvcu). B
Mpumep 4 pernctp TBLPTR aBTOMatnyeckn He MHKPEMEHTUPYETCS.

Puc. 24 nokasbiBaeT BbINoOMHeEHNEe 3TuUX 4 koMaHg. Larn nokasbiBaloT nocnenoBaTenbHOCTb
onepauun. MamaTe nporpaMm MOXeET ObiTb Kak BHYTPEHHEW, Tak U BHELUHEWN (ONA pexuma
«MUKPOMpPOLLECCOP» UMK «PaCLUMPEHHBIN MUKPOKOHTPOSSEP» ).
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Boimoanenne komauasl TLWT.

Bemoanenne komagasl TABLWT.

TaOMIMHBIT YKa3aTenb

TBLPTRH | TBLPTRL

TabmIHad 3amenka (16 6HT)

TABLATH E TABLATL
TLWT 1f TLWT O f
HaMATE
JJaHHBIX MaMATE TIPOTPaMM
e

Iar 1: 8-mi1 SHTHOE 3HaUeHHe 113 perucTpa "f" sarpyxaerca
B CTApIULHT 11 Maagmeni Safit B TABLAT (16 6uT).

TalIITHBIT YKa3aTeNb

‘ TBLPTRH

E TBLPTRL ‘
TalmHuHadA 3amenka (16 61T
TABLATH : TABLATL

!

TABLWT 1,if TABLWT 0,if

TTaMATh

JaHHBIX TTaMATE [IPOTPanMM

TTar 1: 8-mi GHTHOE 3HateHHe 13 perHcTpa "{" 3arpy/kaercs B
cTapumHii tm Maai Gaiit TABLAT (16 6ur).

3: Ecmi"1"=1, to TBLPTR=TBLPTR+1,

ecii "1"=0, To TBLPTR He H3MeHAETCA.

2: 16-mi1 6rtHOe sHatere TABLAT 3armicBIBa€TCA B IMAMATE
[POTPaMM 10 afpecy TadmuHoro yrazatem (TBLPTR).

Breimoanenne komangsl TLRD.

Bomoanenne komanasl TABLRD.

TG IHBII YKa3aTeNb
‘ TBLPTRH | TBLPTRL ‘

TabmIuHaA 3amenka (16 6uT)

TABLATH ETAE!LATL ‘

TLRD 1f TLRD 0Of

TIaMATH

AaHHBIX [TaMATE MPpOrpanvmM

IMTar 1: 8-MiH GHTHOE 3HATEHIE H3 CTAPUIETO HITH MIATIIETO
Baifra 16~ SutHOTO pertictpa TABLAT sarpykaerca
B pertctp "f".

TAOIHTHEI YKa3aTeNb

‘TBLPTRH ! TBLPTRL
TabmHaHasd 3amenka (16 6ur)
TABLATH | TABLATL

[ [
~

TABLRD 1.if TABLRD 0,if
TaMATh

JaHHBIX [TaMATH [IpOrpanM

@

IMTar 1: S-MH GHTHOE 3HATEHIE H3 CTAPLIETO HITH MIATLIETO
Gaiita 16-11 SutHOTO perticTpa TABLAT 3arpysaercs
B pertctp "f".

1 16-111 GHTHOE 3HAYMEHHE H3 MaMATH MPOTpanmM
3arpyKaeTca B Tadmueyio 3amenky TABLAT.

3: Ecimi "1"=1, to TBLPTR=TBLPTR+1,

=)

ecii "1"=0, To TBLPTR He H3MeHAETCA.

Puc. 24 BbinonHeHne KomaHg YTeHusi/3anmucu tadbnu,
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3anucb mabnuy 60 HyMpeHHIO Namsima

3anucy Tabnuu, BO BHYTPEHHIOK MNaMATb 3anyckaeT onepauuio «AnMHHOW 3anmcuy.
«[nuHHaa 3anucb» Heobxoguma Ana nporpammupoBaHust BHyTpeHHen FLASH namartw.
BbinonHeHve KoMaH4 OCTaHaBNUBAeTCA BO BpeMsA UMKNA «ANWHHOWM 3anucuy». «[nvHHas
3anucb» BygeT 3akoH4YeHa NobbiM paspelleHHbIM npepbiBaHMeM. YTobbl rapaHTUpoBaTh, YTO
A4eiika NaMaTU 3anporpaMMupoBaHa, TpebyeTcsa BpeMs NporpamMMMpOBaHUA HE MEHEE: CM.
cneumdpukauymnio. [Ina OKOHYaHWUS «ANAMHHOM 3anucuy» OObIYHO paspellaeTcs TOMbKO OAHO
npepbiBaHne, YTOObl rapaHTUPOBATb, YTO HUKaKMe Apyrne npepbiBaHUSA NpexaeBpeMEHHO He
3aKoH4YaT «ANMHHYK 3anucby». [locnegoBaTenbHOCTb COGLITMI ONs NPOrpamMmMUpOBaHUSA
SYEeNKN BHYTPEHHEN NaMATU nporpamm ByaeT crneayroLen:

1. 3anpeTuTb BCEe MCTOYHMKUN MPEpPbIBAHWIA, 3a UCKITIOYEHNEM MpPEpPbIBAHUS OS1S1 OKOHYaHMWS

3anucu.
MopaTb Ha BbiBOg MCLR/Upp HanpseHne nporpaMmmMmpoBaHus.
C6pocutb cTtopoxeson Tanmep (WDT).
MpounssecTtun 3anucb Tabnuubl. NpepbiBaHME 3aKOHYUT ONNHHYIO 3aMUChb.
BepudurumposaTtb s4yenky namaTtn (YteHme tabnuubl).
Mpn nporpamMmmmnpoBaHMM HEOBXOAMMO BbINOMHATL TpeboBaHusA  cneundmKkaumnn.
HapylweHue cneundukaumm (Bknovas Temnepatypy) MOXeT NPUBECTU K TOMY, YTO S4velika
namstu GygeT 3anporpammMmpoBaHa He MOSIHOCTBbIO U CO BPpEMEHEM MOXeT cTepeTbcs. Ecnu
HanpsbkeHne nporpammupoBaHus (Upp) He nogaHo, TO KoMaHga 3anmcu Tabnuubl Oyget
BbINOJSIHEHA 3a 2 UuuKna, 1 namaTb NPorpamMmm He U3MEHUTCS.
3aKoHUYNTb onepaumilo «ANWHHOW 3anucu» MOrYT TOMbKO creayrolmne CobbITUA: UCTOYHUK
npepbiBaHNSA unn «cbpocy. [nsi OKOHYaHWS «ANWHHOW 3anuMcun» No NpepbiBaHuto, TpebyeTcs,
4YTOObI ObINO pa3peLLeHO NpepbiBaHME 1 BbIN YCTaHOBMEH hnar 3anpoca nNpepbiBaHNA.

Ecnn ona okoHYaHus1 «4fIMHHOW 3anucu» MUCNonb3yeTcs nepudepuinHoe npepbiBaHue,
TO 9TO NpepbiBaHMe OOMKHO ObiTb paspeleHo n 6uT dnara 3anpoca npepbiBaHUS OOSMKEH
ObITb ycTaHoBneH. dnar 3anpoca npepbiBaHNA He cbpacbiBaeTca Npu nepexode no agpecy
BekTopa npepbiBaHusa. but GLINTD onpegenset 6yaet nu nporpamma nepexoanTb K BEKTOPY
npepbiBaHUS Nocne oKoHYaHusa «anvHHon 3anucu». Ecnn GLINTD cbpolweH, To nporpamma
nepexoaunT K BekTopy npepbiBaHus, ecnn GLINTD yctaHoBneH — He nepexoguT. McknoveHne
COCTaBIsieT OKOHYaHWe «OJSIMHHOW 3anucuy» no npepbiBaHuio oT «Tanmepa O». B atom cnyvae
He3aBucmmo oT 6uta GLINTD nporpamma npoaosmkmT BbINOSTHEHME, T.€. Nepexona K BEKTOpY
npepbiBaHna He OyaeT.
AnuTensHOCTb MMMYNbCOB 3anucu BO dorewl-namatb 3agaetcs 8-Mu paspsgHbIM pernctpom
WRDIF (koadhduumeHT aeneHnst 4actoTbl reHepartopa). Tpebyemoe 3HayeHue ANUTEeNbHOCTH
5 mkc. KoadpdpmumeHt generns Bblbupaetca: K = 5 mkc / TC, rae TC B MKCc. 3HayeHue
permctpa nocne cbpoca paBHo 05h. Ecnn npegnonaraetcsa npou3sBoguTb 3anucb BO oneLwl
namMsiTb M 4actota reHepaTtopa otnuyaeTtcs or 1 Mlu, To HeobGxoaumMo npeaBapuUTENbHO
3arpysunTb B 3TOT PErMcTp HeobxoamMmoe 3HadeHne. PerncTp OCTyNeH no YTEHUIO U 3anucu.

ablrown
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Tabnuua 15
Bosgencreue npepbiBaHU Ha onepauuio «41MHHOM 3anucny
UcTo4YHUK . lGLINTD bur ®nar [elicTBue
npepbiBaHUN paspelueHusi | 3anpoca
PAO/INT 0 1 1 3akaHuMBaeT ANVHHYO 3anncb Tabnuuy BO
BHYTPEHHIOK NaMATb Nporpamm,
nepexoamT K BEKTOPY NpepbiBaHNSA
PA1/TOCLK 0 1 0 Het
TMRO(npum.) 1 0 X Het
MepudepunHbie 1 1 1 3akaHuMBaeT ANNHHYIO 3anncb Tabnuy, He

npepbiBaHus

NepexoamnT K BEKTOPY NpepbIBaHNS

[MpumeyaHue:

B cnyyae «tanmepa O» nepexon kK BEKTOPY NPepbIBaHMS HE NMPOUCXOOUT.

3anucb mabnuy eo eHEWHIOK NamMsima

KomaHpa 3anucu Tabnuy
BTopon uukn 3anucbiBaeT [aHHble B SYEWKY BHELWHeW namMsaTu.

BO BHELLUHIOW MaMATb Bcerga BbIMOSMHAETCA 3a 2 uukna.

NocnegoBaTenbHOCTb

CcoObITMI ONS 3anMcu BO BHELLHIOW NamMsaTb Ta Xe camas, YTo v Ans 3anncu Bo BHYTPEHHIOIO.

Mpumep 4
3anuck Tabnuupbl

CLRWDT
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
TLWT
MOVLW
TABLWT

HIGH (TBL_ADDR)

TBLPTRH

LOW (TBL_ADDR)

TBLPTRL
HIGH (DATA)
1,WREG
LOW (DATA)
0,0, WREG

; OuncTka CTOpOXXEeBOro Tanmepa
; 3arpyska agpeca Tabnuubl

; 3arpyska crapuluero 6arirta B

; Tabnnynyto 3awenky TABLATH

; 3arpyska mnaguwero 6anTta B TabnMyHyr0 3aLlernky
; TABLATL n 3anncb B namsaTb NporpaMmM(BHELLHIOK)
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Q1‘Q2‘Q3‘Q4: Q1‘Q2‘Q3‘Q4: Q1‘Q2‘Q3‘Q4: Q1‘Q2‘Q3‘Q4:

worsson XN

CHHTBIBaeMaA

xomanma | TABLWT ! INST (PC+1) ' INST (PC+2) !
o 1 INST(PC-1) | TABLWT w1 , TABLWT mkn2 | INST (PC+1)
: : : LIHKJT 3aImcH : :

| | | HAAHHBIX | |

ALE 1 1 1 1 :
VTN T : :

—_ I,W, 1 1 1 1

WR | I I \_/ I

Q‘l‘ QZ‘ Q3‘ Q4, Q1‘ Q2‘ QS‘ Q4, Q1‘ Q2‘ QS‘ Q4, Q1‘ QZ‘ QS‘ Q4, Q‘I‘ QZ‘ QS‘ Q4, Q1‘ Q2‘ Q3‘ Q4,

AD15:AD0 @- @- @ MaHHEE liBonn@ ;[aHHbIE 2-|EHX0;|>(F!C+3< :>

CHUHTBIBaCMai

| I I I I I

o TABLWT1 . TABLWT2 INST (PC+2) ' INST (PC+3)
| I I I I I
@ | INST (PC-1) , TABLWT1 wgment, TABLWT1 w2, TABLWT2 wmen 1, TABLWT2 12, INST (PC+2)
: wl \I LIHK 3aricCH : 'I LITIECTT '3armIcI1 ‘I ‘I

1 | ! JAaHHbIX ! ! JaHHbIX ! !

ALE /N 1 1 LN\ ! VAR 1

1 | | 1 1 | |

CE /v \_ ./  __J | : w 1

1 | | 1 \ 1 | |

WR ‘ ‘ L/ | L/ ‘

Puc. 25 BpemeHHas anarpamma BbinonHeHus komaHasl TABLWT (cBepxy) u
nocnegosaTensHocTn komaHa TABLWT (CHu3y) (BHELWHAS naMsaATb Nporpamm)

UmeHue mabnuy

Onepauunsa yteHua Tabnuy ocyLlecTBnsieT YTeHne namsaTn nporpaMmm. OTO NO3BONSET
XpaHUTb KOHCTaHTbl B MNaMATM MNpPOrpaMM W CYUTbIBATb WX B MNaMATb AaHHbIX MNpwU
HeobxogumocTun. B lMpumep 5 nokaszaHo cuuTbiBaHWe 16-T OUTHOW BENUYMHBI M3 NaAMATH
nporpamm c agpecom uM3 TBLPTR. lNocne Toro, kak HesHavawmn 6anT Obill cuMTaH U3
TABLATH, B TABLATH 3arpyxaetcsa 16-Tv OuTHaa BenuuMHa u3 Namsatv nporpamMm C
agpecom u3 TBLPTR, n 3HaveHne TBLPTR nHkpemeHTupyetca. Npn nepBom YTeHUU SaHHble
M3 NamaTM nporpaMmm 3arpyxalTcs B 3allenky, a [JaHHble, CYMTbIBaeMble U3 3allernku,
paccMaTpmBaloTCs Kak HesHadaulee (nycrtoe) yteHue (B «f» ObIu 3arpykeHbl HEM3BECTHbIe
AaHHble). Pexum kocBeHHon agpecauun vepe3d INDFO gormkeH GbiTb CKOHGUrypuposaH nnbo
C aBTOMHKPEMEHTUPOBaHNEM NMMBO C aBTOAEKPEMEHTMPOBAHMEM pErnCTpa ykasatensa agpeca
FSRO.
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Mpumep 5
YteHne Tabnuupbl

MOVLW
MOVWF
MOVLW
MOVWF
TABLRD

TLRD
TABLRD

HIGH (TBL_ADDR) ; 3arpyska agpeca Tabnuupbi

TBLPTRH

LOW (TBL_ADDR)

TBLPTRL
0,1,DUMMY

1,INDFO
0,1,INDFO

; MycToe yTeHne 13 TabnuyHon 3aLLernkun, YTeHne namaTn Npor-
; paMM B TabnuyHyto 3aLlenky, MHkpemeHTuposaHne TBLPTR

; UTeHue ctapuwero 6anTta us TabnmyHon 3awenkn TABLATH

; UteHne mnapaLwero 6arta us tabnuyHon 3awenkun TABLATL,

; YUTEHME NaMsiTM NporpamMm B TabNUYHYO 3aLLEenky u

; UHKpeMeHTuposaHne TBLPTR

1 Q1‘Q2‘Q3‘ Q4, Q1‘Q2‘Q3‘ Q41Q1‘Q2‘Q3‘ Q4 Q1‘Q2‘Q3‘ Q4,

&)@

CUHTBIBaEMaA : | :
KOMaHza | TABLRD ' INST (PC+1) INST (PC+2)
BBITIONIHAEMAA | - ! ' |
KoMaHga | INST (PC-1) : TABLRD yukn 1 | TABLRD wuukn 2 INST (PC+1) |
, THETT YTE€HHA
| JaHHBIX
ALE / \

— =1

OE /—\_/—\_/—\_/—\_

Q'l‘ QZ‘ QS‘ Q4, Q‘I‘ Q2‘ QS‘ Q4 Q1‘ QZ‘ QS‘ Q4 Q1‘ QZ‘ QS‘ Q4 Q‘I‘ Q2‘ QS‘ Q4, Q‘I‘ Q2‘ QS‘ Q4
| | I I

|
1
1
|
Z
) O M Wl S @ D a Gl o & i g &
Bxo;m | BEOL |
|
|

CUHTBIBAEMAd !
KomaHTa ! TABLRD1

TABLRDZ2

INST (PC+2) | . INST (PC+3)

ERIOMFUACMAT | \NST (PC-1) | TABLRDY yn 1 . TABLRD1 uukn 2, TABLRD2 wukn 1 TABLRD2 umkn 2, INST (PC+2) |

KoMaHga

ALE _/ \

LHET TITEHITEA
JaHHBIX

LUK 9TeHHsA
TTaHHBIX

OE /T N/ N\ /NN N

=1

WR

N N

Puc. 26 BpemeHHas anarpamma BbinonHeHns komanasl TABLRD (ceepxy) u
nocrneposaTernibHOCTU kKomaHg TABLRD (cHu3y) (BHewwHss namMaTb nporpamMm)
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AnnapaTtHbIA YMHOXWUTENb

MukpokoHTponnep umeeT 8x8 BUTHLIM annapaTHbIA YMHOXUTENb, BKAOYEHHbIN B AJTY
npubopa. MN3-3a TOro, YTO YMHOXEHME peann3oBaHO anmnapaTtHO, OHO BbIMOMHAETCS 3a O4MH
uunkn. bessHakoBoe yMHOXeHWe gaet 16-Tn OuTHbIM pe3ynbTaT. PesynbTaT XpaHutcsa B 16-Tn
outHom pernctpe PRODH:PRODL. YMHOXeHME He BNUSET HU Ha Kakue chnarm B perncrpe
ALUSTA. Pernctpol PRODH n PRODL pgoctynHbl Tonbko Ana JteHusa. Peanusauus
BbIMOSTHEHUS YMHOXEHUS 3a OAMH UuMKN obecneuymBaeT 6Gonee BbICOKYI BbIYUCIUTENBHYHO
NPOUN3BOAUTENBHOCTL W YMeHbluaeT TpeboBaHWA K pasmepy Koda [Ans  anropuTtMoB
YMHOXEHUA. YBenMyeHne npouM3BOaMTENbHOCTU MNO3BOMSET  Mchnonb3oBaTb npubop Ans
NPUMEHEeHN, paHee npefHa3Ha4YeHHbIX TONbKO AN1S UMAPOBbLIX CUTHANbHbLIX NPOLECCOPOB.

Hwxe npueBedeHoO cpaBHeHWe ObICTPOOENCTBUSA MUKPOKOHTposnsiepos (Tabnuua 16),
NCNONb3YILWNX annapaTtHO pearim3oBaHHOE YMHOXEHWEe C BbINOSIHEHWEM 3a OOWH UMK, U
NPOU3BOASALLMX TE XKe camble BblYUCIIEHNa HO 6e3 annapaTHO peann3oBaHHOIO YMHOXEHMS.

Mpumep 6 nokasbiBaeT nocregoBaTenbHOCTb AenctBurM npu 8x8 6e33HaKoBOM
YMHOXeHUN. TpebyeTca TONMbKO ofHa KOMaHga, Korga OOWH aprymMeHT ANnd YMHOXEHUS Yxe
3arpyxeH B pernctp WREG.

Mpumep 7 npuBoAMT MocnefoBaTeNbHOCTL AENCTBUM Mpu 8X8 3HAKOBOM YMHOXEHUMU.
Ana BblMMCNEHNS 3HAKOBbLIX OWUTOB aprymMeHTOB TECTUPYETCHA 3HAKOBbIN OUT Kaaoro
aprymeHTa u nponsBoANTCS COOTBETCTBYHOLLEE BbluMTaHue. Pe3ynbTaT XpaHUTCA B perncrpax
RESH:PRODL.

Mpumep 9 npuBoAMT nocnegoBaTenbHOCTbL AenctBui npu 16x16  6e33HakoBOM
yMHOXeHUn. B lMpumep 8 npuBoanMTCa MCNONb3yeMbii anroputMm. 32-xX OWUTHbIA pesynbTaT
XpaHutcs B 4-x peructpax, RES3:RESO.

Mpumep 11 npuBOoAMT nocnegoBaTenbHOCTL AencTBMA npy 16x16  3HaKOBOM
yMHOXeHun. B lMpumep 10 npmBoauTCS UCNOMb3yeMbI anroputMm. 32-X BUTHbLIM pes3ynbTaT
xpaHutcsa B 4-x peructpax, RES3:RES0. [na Bbl4MCNEHNA 3HAKOBbLIX OMTOB aprymeHTOB
TECTUPYeTCA 3HaAKOBbIN OWUT KaXOoro aprymeHta W MpoOuM3BOAUTCA COOTBETCTBYHOLLEE
BblYMTaHNE.

Tabnwuua 16
CpaBHeHNe Npon3BOANTENBHOCTU

06LeM Kon-Bo Bpems BbinonHeHUA
Meron nporpamMmmbi LUKIOB (M)
YMHOXeHusi (cro.) (MaKcumym) 33 16 8
Mlu My | My
gxg | 083 annaparkoro 13 69 8.364 | 17.25 | 34.50
6e3 aHakg | YMHOKMTENA
annapaTtHbli YMHOXUTESb 1 1 0.121 | 0.25 | 0.50
8x8 | 6es annapaTHoro i i i i i
co YMHOXUTENS
3HaKoM | annapaTHbI YMHOXMUTENb 7 7 0.848 | 1.75 | 3.5
16 x 16 | 083 annaparxoro 21 242 29.333 | 60.50 | 121.0
6e3 aHakg | YMHOKUTENS
annapaTHbI YMHOXUTESTb 24 24 2.91 6.0 12.0
16 x 16 | 6es annapatHoro 52 254 30.788 | 63.50 | 127.0
co YMHOXUTEnNS
3HaKOM | annapaTtHbI YMHOXWUTENb 36 36 4.36 9.0 | 18.0
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Mpumep 6
Mporpamma 8 x 8 GUTHOro 6€33HAKOBOr0 YMHOXEHMS
MOVFP ARG1WREG ;
MULWF ARG2 ; ARG1 * ARG2 -> PRODH:PRODL
Mpumep 7
[Mporpamma 8 x 8 GUTHOrO YMHOXEHMSI CO 3HAKOM
MOVFP ARG1,WREG
MULWF ARG2 ; ARG1 * ARG2 -> PRODH:PRODL
MOVPF PRODH,RESH ; PRODH -> RESH
BTFSC ARG2,SB : TecT OuTa 3HaKa
SUBWF RESH,F ; RESH = RESH - ARG1
MOVFP ARG2 WREG
BTFSC ARG1,SB : TecT OuTa 3HaKa
SUBWF RESH,F ; RESH = RESH - ARG2

Mpumep 8
Anroputm 16 x 16 GuTHOro 6€33HaAKOBOr0 YMHOXEHUS

RES3:RESO = ARG1H:ARGIL * ARG2H:ARG2L = (ARG1H * ARG2H * 216) +
+ (ARG1H * ARG2L * 28) + (ARGIL * ARG2H * 28)+(ARG1L * ARG2L)

Mpumep 9
lMporpamma 16 x 16 GUTHOro 6€33HAKOBOr0 YMHOXEHNS

MOVFP
MULWF
MOVPF
MOVPF

MOVFP
MULWF
MOVPF
MOVPF

MOVFP
MULWF
MOVFP
ADDWF
MOVFP
ADDWEFC
CLRF
ADDWFC

MOVFP
MULWF
MOVFP
ADDWF
MOVFP
ADDWFC
CLRF
ADDWFC

ARGI1L,WREG
ARG2L
PRODH,RES1
PRODL,RESO

ARG1HWREG
ARG2H
PRODH,RES3
PRODL,RES2

ARGI1L,WREG
ARG2H
PRODL,WREG
RES1,F
PRODH,WREG
RES2,F
WREG,F
RESS3,F

ARG1HWREG
ARG2L
PRODL,WREG
RES1,F
PRODH,WREG
RES2,F
WREG,F
RES3,F

; ARG1L * ARG2L -> PRODH:PRODL

; ARG1H * ARG2H -> PRODH:PRODL

; ARG1L * ARG2H -> PRODH:PRODL

; CNoXeHne NpoMeXyTOYHbIX pe3ynbTaToB

; ARG1H * ARG2L -> PRODH:PRODL

; CNoXxeHne NpoMeXyTOYHbIX pe3ynbTaToB

© AO «lKK MunaHop»

TCKA1.431295.003CTr1 63




Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),
K1886BE3(31)QIl, KI886BE3(31)H4

Mpumep 10

Anroputm 16 X 16 BUTHOIO YMHOXEHMUS CO 3HAKOM

RES3:RESO = ARG1H:ARGIL * ARG2H:ARG2L = (ARG1H * ARG2H * 216)+
+(ARG1H * ARG2L * 28)+(ARG1L * ARG2H * 28)+(ARG1L * ARG2L)+
+(-1* ARG2H<7> * ARG1H:ARGIL * 216) + (-1 * ARG1H<7> * ARG2H:ARG2L * 216)

Mpumep 11

Mporpamma 16 x 16 GBUTHOrO YMHOXEHUSA CO 3HAKOM

MOVFP
MULWF
MOVPF
MOVPF

MOVFP
MULWF
MOVPF
MOVPF

MOVFP
MULWF
MOVFP
ADDWF
MOVFP
ADDWFC
CLRF
ADDWFC

MOVFP
MULWF
MOVFP
ADDWF
MOVFP
ADDWFC
CLRF
ADDWFC

BTFSS
GOTO
MOVFP
SUBWF
MOVFP
SUBWFB

SIGN_ARG1
BTFSS
GOTO
MOVFP
SUBWF
MOVFP
SUBWFB

CONT_CODE

ARGI1L,WREG
ARG2L
PRODH,RES1
PRODL,RESO

ARGI1HWREG
ARG2H
PRODH,RES3
PRODL,RES2

ARGI1L,WREG
ARG2H
PRODL,WREG
RES1,F
PRODH,WREG
RES2,F
WREG,F
RESS,F

ARG1HWREG
ARG2L
PRODL,WREG
RES1,F
PRODH,WREG
RES2,F
WREG,F
RES3,F

ARG2H,7
SIGN_ARG1
ARG1LWREG
RES2,F
ARG1H,WREG
RES3,F

ARG1H,7
CONT_CODE
ARG2L,WREG
RES2,F
ARG2H,WREG
RES3,F

; ARG1L * ARG2L -> PRODH:PRODL

; ARG1H * ARG2H -> PRODH:PRODL

; ARG1L * ARG2H -> PRODH:PRODL

; CnoxeHue NPOMEXYTOYHbIX PE3YyrbTaToOB

; ARG1H * ARG2L -> PRODH:PRODL

; CnoxeHune NPOMEXYTOYHbIX pe3yrnbTaToB

; ARG2H:ARG2L oTpuuyaTtenbHo?

; HeT, npoBepka ARG1

; ARG1H:ARGLL oTpuuartesibHo?

, HET, OKOH4YaHune
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NMopTbl BBOAA-BbIBOAA

MukpoKkoHTpoOsinep MmMeeT 4YeTblpe nopTta BBoAa-BbiBoAa. [lopTbl «C», «D» un «E»
UMeKT pernctp HanpaesneHus AaHHblx DDR, koTopbIM ucnonb3yeTca Ond KOHdurypaumm
BbIBOAOB MoOpTa Ha BXOA4 MMM Ha Bbixod. HekoTopble BbIBOOALI MOPTOB MOryT UMETb
AONOMNHUTENbHOE Ha3HaYeHune.

Korga BbIBOAbLI MOPTOB CKOH(PUIypMpoBaHbl Kak BbIBOObLI NepuepuimnHoro ycTtponucTea,
3HayeHue, cogepxauleeca B pernctpe DDR HeumsBecTHo. [locne okoHyaHusa paboTbl C
nepudepuiiHbiM - MOAyneM Mnonb3oBaTento XenaTenbHO 3aHOBO YCTAHOBUTb 3HA4YeHue
pernctpa DDR. [Ona HekoTOpbIX ApYyrux nepudepuinHbliX YCTPOMCTB (KOTOpble TpebytoT
BXOOHbIX BbIBOOOB) TpebyeTcs BbIiCTaBrneHve OWMTOB HamnpaBrieHus nepefdayn [OaHHbIX B
peructpe DDR.

CurHan «cbpoca» nepeBOoOUT BbIBOAbI B PEeXUM BXOOa C BbICOKMM BXOAHbLIM
conpotuBneHnemMm. Ho HekoTopble nepudepuinHble MOAYNM MOryT BHECTU U3MEHEHUS, Takue
HanpyMep Kak NepeBoA B PEXMM aHanoroBoro BXoga Unv CUCTEMHOM LUNHBI.

Pezucmp nopma A u peaucmp HanpaesneHusi daHHbix DDRA

«MopT A» 4-x paspsigHbIi. ATOT NOPT HE UMeeT pernctpa HanpasneHus gaHHelx (DDR).
Mo curHany «cbpocy», BbiBOAbI «nopTa A» NPUHYOUTENBHO KOHMUIYPUPYIOTCSH, KakK «BXoa» C
BbICOKMM BXOAHbIM conpoTusreHneMm. HanpaBneHune pfaHHbIX Ha BbiBogax PA2 n PAS,
KOHTponupyeTtcsa nepudgepuinHeiM Mogynem. Mo curHany «cbpocy», nepugepuiHbin Mogynb
HeaKkTUBEH, NMpPU 3TOM BbIBOAbI NMepeBefeHbl B COCTOsHME «Bxoa». [Npu yTteHum «nopta A»
CUYMTbIBAETCH COCTOSAAHME C BbIBOOOB.

BoiBog PAO/INT moxeT paboTatb Kak 0Obl4HbIA BXOO WM Kak BXO4 BHELLHEro
npepobiBaHnsa. BoiBog PA1/TOCLK moxeT paboTtaTb Kak OObIYHbLIMA BXO4 WM Kak BXon
TakTOBOro curHana ansa  «tammepa O». BbiBogbl PA2/RX/DT wu PA3/TX/CK
MynbTUNNeKcpoBaHol ¢ nepudepuinHbim  moagynem USART. Hactporka PA2/RX/DT wn
PA3/TX/CK kak BbIXO4OB, MPOBOANTCA aBTOMATUYECKN NepUdEePUNHLIM MOZYIEM.

Tabnuua 17
Twun
HasBaHue but | BXxogHoro PyHKUMA
oydepa
PAO/INT 0 Bxopf nopTa unu Bxo, BHELLIHENO NpepbiBaHUs

PA1/TOCLK

[

Bxof nopTa nnu BXog, TakTOBOro curHana «tammepa 0»

Tpl/lrrep Bxon nopTa nnn Bxon npnemMHunkKa aCMHXpoHHOro

PA2/RXIDT 2 LmutTa USART, nnu Bxoa/Bbixod AaHHbIX CMHXpOHHOro USART

Bxoa nopTa unu BbIXog, aCMHXPOHHOIO nepeaaTymka
PA3/TX/CK 3 USART, unu Bxoa/BbIxon CUHXpOCUTrHANa CUHXPOHHOIO
USART
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Pezucmp nopma C u peaucmp HanpaeJsieHusi 0aHHbix DDRC

«Mopt C» - 310 8-MM paspagHbid  OBYHanpaBfeHHbIn MOpT  BBOAA/BbIBOAA.
HanpaBneHue pfaHHbIX ynpasnsietcs pernctpom HanpaeneHnss DDRC. 3HauveHnsa «1» B
pernctpe DDRC koHurypupyeT cOOTBETCTBYOLIME BbIBOAbI MOPTa Kak Bxod. 3HadveHus «0» B
pernctpe DDRC koHGurypmpyeT COOTBETCTBYHOLLME BbIBOAbI MOpTa Kak Bbixod. Mpu yteHumn
peructpa «nopta C» (PORTC) cunTtbiBaeTCs COCTOSIHME C BbIBOAOB, @ NpU 3anucu B pernctp,
3HayeHMe 3anucbiBaeTca B peructp 3awenky. B pexumax «mwukpornpoueccop» WU
«pacLUMPEHHBbIN  MUKPOKOHTponnep» «nopT C» 4daBnsetca wmnagwum  6anToM  LUKUHbI
agpeca/ganHblx (AD7-ADO) cuctemHon wuHbl. Npu pabote koHTponnepa BHewHen NAND
Flash namatn, gaHHbIM NOPT MCNOMb3yeTCa Af1 OpraHM3aunn LWKHbBI AaHHbIX K MUKPOCXEME
NAND Flash. [JaHHbIM NOPT MMeeT OTAeNbHbIA BbIBOL 3a[aHUA HanpsKeHWs MUTaHus
Ucc1port. Ha koTopbin MoxeT nogaBaTbcs HanpsbkeHne ot 3.0 o 5.5B (Ho He Bonee nuUTaHus
agpa Ucc). Takmm obpaszom nopT MOXeT ObiTb MCNONb30BaH And paboTbl C MUKPOCXEMaMM
3.3B noruku.

[lpbumeyaHue:
«MopT C» n «nopt D» MMeIOT eAnHOe HanpsXXeHue nuTaHus, nodTomy BbiBogbl Ucciport n

Ucc2port aomkHbl 6bITb 00 beANHEHDBI HA NeYaTHOM NnaTe.

Tab6nuua 18

Twn
HasBaHue but | BxogHoro DYHKUMA

oydepa

PCO/ADO/IO0

PC1/AD1/IO1

PC2/AD2/102

PC3/AD3/I03 Bxoa/sbixoq nopTa, Ui sbiIBOA4 CUCTEMHOW LLNHbI

TTh agpeca/aaHHblX, Uy BbiBoA LWnHbI AaHHbIX NAND

PC4/ADANIO4 Flash-namsaTtu

PC5/AD5/I0O5

PC6/AD6/I06

NoO|o|R|WINEFLIO

PC7/AD7/107

Peaucmp nopma D u pecaucmp HanpaeneHusi 0aHHbIx DDRD

«Mopt D» - 9ato 8-mm paspagHbii  OBYyHanpaBneHHbI MNOPT  BBOAA/BbIBOAA.
HanpaBneHue pfaHHbIX ynpasnsietcs pernctpom HanpasneHunss DDRD. 3HaveHna «1» B
pernctpe DDRD KoH(purypmpyeT COOTBETCTBYIOLME BbIBOAbLI NOPTa Kak BXoA. 3HadeHus «0» B
pernctpe DDRD KoHGUrypupyeT COOTBETCTBYIOLLUME BbIBOAbI NMOpTa Kak Bbixod. [1pn 4YTeHuu
pernctpa «nopta D» (PORTD) cunTbiBaeTCsl COCTOsIHME C BbIBOOOB, @ MpW 3anucu B pernctp,
3HayeHMe 3anucbiBaeTcsl B peructp 3awenky. B pexumax «mukponpoueccop» W
«pacCLWMpPEHHbIN  MUKPOKOHTponnep» «nopT D» aBnsetca crapwum 6anToOM  LUMHbI
agpeca/ganHbix (AD15-AD8) cuctemHon WwiunHbl. [pu paboTte koHTponnepa BHewHenn NAND
Flash namsatn, gaHHbIN MOPT MCNOMb3yeTCcA ANA OpraHu3auMm CUrHasnoB YyrnpasreHusd K
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Mmukpocxeme NAND Flash. [JaHHbIM nOpT uUMeeT OTAenbHbIA BbIBOA 3a4aHUA HanpshKeHus
nutaHua Ucc2port. Ha koTopbii MOXeT nogasatbes HanpsxeHue ot 3.0 oo 5.5B (Ho He Gonee
nutanms agpa Ucc). Takmm o6pas3om nopT MOXeT ObiTb MCNONb30BaH And paboTbl C MUKPO-
cxemamun 3.3B noruku.

[NpumedaHue:
«MopT C» n «nopt D» MMelT eanHoOe HanpsbkeHue nuTaHus, nodtomy BbiBoAbl Ucciport u

Ucc2port aomkHbl 6bITb 00 beANHEHBI HA NeYaTHOW NnaTe.

Tabnwuuya 19

Tun
Ha3BaHue But | BxoagHoOro DYyHKUMUSA

oydepa

Bxoa/Bbixoq nopTa, Unu BbIBOA4 CUCTEMHOM LUMHBI
PDO/ADS8/RBnN 0 agpeca/pannbix, unu curdan RBn gna NAND Flash
namMmsaTu.

Bxoa/Bbixoq nopTa, Unu BbIBO4, CUCTEMHOW LUMHBI
PD1/AD9/REN 1 agpeca/ganHbix, nnm curdan REn gna NAND Flash
namsaTu

Bxoa/Bbixoq nopTa, Unu BbIBOA4 CUCTEMHOM LUMHBI

PD2/AD10 2
agpeca/aaHHbIX

Bxopa/Bbixon nopTa, Unu BbIBOA CUCTEMHOWM LUNHbI

PD3/AD11 3
agpeca/gaHHbIX

TTN Bxoa/Bbixoq nopTa, nnu BbIBO4, CUCTEMHOW LUMHBI
PD4/AD12/CLE 4 agpeca/ganHbix, nnu curdan CLE gna NAND Flash
namsaTu

Bxopa/Bbixoq nopTa, Unu BbIBOA4 CUCTEMHOM LUMHBI
PD5/AD13/ALE 5 agpeca/ganHblx, unu curHan ALE ana NAND Flash
namsaTu

Bxoa/Bbixoq nopTa, nnu BbiBO4, CUCTEMHOW LUMHbI
PD6/AD14/WEn 6 agpeca/ganHbix, nnm curdan WEn ans NAND Flash
namaTt

Bxopa/Bbixoq nopTa, Unu BbIBOA4 CUCTEMHOM LUMHBI

PD7/AD15 7
agpeca/aaHHbIX

Pezucmp nopma E u peaucmp HanpaeneHusi 0aHHbix DDRE

«MopT E» - 310 8 paspsagHbin AByHanpasneHHbI NOpT BBOAa/BbIBOAA. HanpasneHue
AaHHbIX onpegenserca permctpoMm Hanpaenenuss DDRE. 3HayeHune «1» B peructpe DDRE
KOH(pUrypmpyeT COOTBETCTBYHOLMI BbIBOA NOpTa kKak Bxod. 3HadveHue «0» B pernctpe DDRE
KOH(pUrypupyeT COOTBETCTBYIOLLMI BbIBOA NOPTa Kak Bbixod. [1pu uTeHun pernctpa «nopta E»
(PORTE) cuuTbiBaeTcs COCTOsiHME C BbIBOOOB, a MpW 3anucuM B pPeErncTp, 3HayvyeHue
3anucbiBaeTcsa B pernctp 3sawenky. B pexumax «mukponpoueccop» W «pacCLUMPEeHHbIN
MUKPOKOHTpOnnep» «nopt E» BbIBOOUT ynpasBngiowue curHansl AAs CUCTEMHOW  LUMHbI:
paspelleHne 3awenkn agpeca (ALE), paspeweHnue Bbixoga (OE) u 3anuch (WR). AKTUBHbIV
ypoBeHb ans curHanos OE n WR - Huskuin. B pexume tectuposaHua USBTEST2 atot nopt
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ucnonb3dyetca  gns  peanmsaumm  USB  wuHTepcenica B 0Oxog4 — aHanoroBoro
npuemonepenaTymka.

[NpumedaHue:

B pexumax « MMKpOonpoLEeccop» M «paclUMpPeHHbI MUKPOKOHTPONNEpP» BbliBOAbl «nopTta E», He
ABNAOLWMECS YNPABMSIOWMUMN CUTHANaAMN CUCTEMHOW LUMHbI, NEPEKYAOTCS B PEXMM BXOAA.

Taobnuua 20

Tun
HasBaHue burt BXOOHOro PyHKLUMUA

oydepa

Bxoa/Bbixog nopTa, Unu BbIXOA curHana
PEO/ALE/TXDP 0 douKcaunn agpeca BHELWHEN NaMsaTH, UNu
undposon BbiBog TXDP

Bxoa/Bbixon nopTa, UNK BbIXOA CUrHana YTeHus

PE1/OE/TXDM 1 AaHHbIX U3 BHELUHEW NaMaTn, unv umdposown
BbiBOg TXDM
T Bxopa/Bbixoq nopTa, Unu BbiXod curHana
PE2/WR/TXOE 2 paspeLleHuns 3anmMcmn BO BHELLHIOW NaMSATb, UMK
undpposon BbiBog TXOE
PE3 3 Bxopa/Bbixog nopTta
PE4/RXD 4 Bxoa/Bbixog nopta, nnu umdposon BeiBog RXD
PE5/RXDP 5 Bxopa/sbixoq nopTta, nnu undposon BbiBog RXDP
PE6/RXDM 6 Bxoa/Bbixog nopta, nnu umndposomn Beisog RXDM
PE7 7 Bxopa/Bbixog nopTta

© AO «[l1KK MunaHOp» TCKA.431295.003Cr1 68




Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),

K1886BE3(31)Ql, K1886BE3(31)H4

bnok «taumep 0»

Bnok «tammep O» coctout wm3 16-paspagHoro Tammep/cyetdmka. Crapwwuin Gant
npegcraeneH pernctpom TMROH, a mnagwwn 6ant — pernctpom TMROL. O6a peructpa
AOCTYNHbI NO YTEHMO 1 3anucu. MNMporpaMmHo-ynpaBnsieMbli 8-pa3psagHbii 4enutens YacToThbl
Nno3BossieT co3faTtb Ha OCHoBe Bnoka 24-paspsaHbli cHeTYMK. ICTOYHUK TakTOBbIX MMMNYNbCOB
3apaetcs 6utom TOCS pernctpa TOSTA. CHETUMK MOXET U3MEHATbL CBOE COCTOSHWE MW OT
BHYTPEHHUX TaKTOBbIX WMMMYMbCOB, UMW OT BHeLWHMX, nogaBaemMbix Ha Bxog PA1/TOCLK.
YnpasneHue «tanmepom O» ocywiecTBnsaeTcs ¢ nomolbio pernctpa TOSTA.

Tab6nuua 21

Pernctp TOSTA (agpec: 05h, He 3aBUCUT OT HOMepa BGaHka)

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

U-0

INTEDG

TOSE

TOCS

TOPS3

TOPS2

TOPS1

TOPSO

outr 7

5

4

3

2

1

out 0

our7

INTEDG

INTEDG: 6uT Bbi6opa ynpasnstoLwiero nepenaga curHana Ha BblBoae
PAO/INT gna 3anpoca npepbiBaHus. OTOT OMT BbIOMpAET, Ha PPOHTE
unu cnage curHana éyaet NponcxoguTb 3anpoc NpepbiBaHUS.

1 = dpoHT curHana Ha BbiBoge PAOQ/INT reHepupyeT npepbiBaHme

0 = cnag curHana Ha BbiBoge PAO/INT reHepupyeT npepbiBaHune

out 6
TOSE

TOSE: 6uT BbibOpa ynpaBnstoLwero nepenaga curHana npy BHELWHEM
TakTupoBaHun «Tammepa 0». IToT 6UT BbIOMpPaET, Ha PPOHTE KN
cnage curHana «tavmep 0» 6yoeT MHKpeMeHTUPOBaTbLCS.

Korga TOCS=0 (BHeLWHee TakTUpoOBaHue):

1 = dpoHT curHana Ha BbiBoge PA1/TOCLK MHKpeMeHTUMpYyeT «Tanmep
0» n/vinu yctanasnueaeT TOCKIF - 6ut

0 = cnag curHana Ha BbiBoge PA1/TOCLK nHkpeMeHTUpyeT «Tanmep
0» n/vinu yctanasnueaeT TOCKIF - 6ut

Korga TOCS=1 (BHyTpeHHee TaKkTMpoBaHue):

3HayeHue buta 6espasnnyHo, yctaHoBka 6uta TOCKIF He
Npoun3BOANTCA

out 5
TOCS

TOCS: 6uT BbIBOpa NCTOYHMKA TaKTUpOBaHNA Ans «Tanmepa 0». IToT
OuMT BbIOMPAET NCTOYHUK CUHXPOHU3aLMK ans «Tanmepa 0».

1 = BHYTPEHHSASA TaKkTOBas YacToTa C reHepaTopa LUMKIOoB, NpepbiBaHne
oT BbiBoga RA1/TOCKI He chopmupyeTca

0 = BHelwwHee TakTMpoBaHue ¢ BbiBoga PA1/TOCLK, hopmumpoBaHme
npepbiBaHusa ot BbiBoga RA1/TOCKI paspelueHo

ouT 4-1

TOPS[3:0]

TOPS3:TOPSO0: 6utkl BbIbOpa npeagenutensa ana tanmepa 0. 3tu
OMTbl NO3BONSAT BbiOpaTh BENNYMHY OEMNEHNSA BXOLHOrO TakTOBOrO
curHana npegaenuTenem:
0000-1:1 0001-1:2
0100 -1:16 0101-1:32
Ixxx - 1:256

0010 -1:4
0110 -1:64

0011 -1:8
0111 - 1:128

out 0

HE pealin3oBaHO. YNTaeTCd 3Ha4eHNe paBHOE HYIIHO
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Obo3Ha4YeHus:.

R = 6ut ansa yteHusa; W = 61T C BO3MOXXHOCTbIO 3anuncu;

U = 6uT He peanuaoBaH, YntaeTcs kak 0;

-n = 3Ha4yeHune 6uTa nocrne cbpoca No BKITOYEHNIO NUTAHUS:
1 = ycTaHoBsEH;
0 = cOpoLueH;
X = 3Ha4YeHne He U3BECTHO.

Ecnn 6ut TOCS yctaHoBMeH B «1», TO MHKPEMEHTMPOBaAHME cyeTymka «Tanmepa O»
NPOUCXOOMUT OT TaKTOBbIX WMMYfbCOB BHYTPEHHEro reHepaTopa, KOTOpbIN SABMseTcA
NCTOYHMKOM CUHXPOHM3AUMKN Onsi BCEero MMKpokoHTponnepa. Ecnm 6ut TOCS cbpolleH B «0»,
TO MHKPEMEHTMPOBAHME CYeTYMKa NPOUCXOOUT OT TakToBbIX MMMynbcoB ¢ Bxoga PA1/TOCLK
(BHELWHMIA MCTOYHMK TaKTOBbLIX MMMYNbCOB). B cryyae Mcnonb3oBaHUA BHELLUHErO MCTOYHMKA
TakTOBbIX UMMySibcoB, 6UT TOSE onpeaenseT NONAPHOCTb PPOHTA, MO KOTOPOMY U3MEHHAETCS
cocTosiHMe cyetyuka. Ecnn 6ut TOSE yctaHoBneH B «1», cyeTymk OGyaeT U3MeEHATb CBOe
cocTosiHue no nepegHemy ppoHTy curHana PA1/TOCLK, a ecnu 6ut TOSE cbpowweH B «0», TO
no 3agHemy ppoHTy (cnagy) curHana PA1/TOCLK lMpensaputenbHbin 8-pa3psigHblii 4ennUTenNb
C nporpaMmmupyemMbiM KoadpdpuumneHTom genenunsa yactotol (MAMNKO) ocywectenaeT genexHve
4acTOTbl TAKTOBbIX MMMNYNbLCOB B AuanasoHe oT 1:1 go 1:256, B 3aBUCUMOCTN OT COCTOSHUS
ountoB TOPS3:TOPSO0. Tanmep UMKINYECKM U3MEHSIET CBOE COCTOSIHME B AManasoHe 3Ha4YEeHUN
oTr 0000h go FFFFh ¢ warom 1. lpn poctmkeHMn makcumanbHoro 3HadveHust (FFFFh)
(cocTtosiHne nepenoniHeHust) yctaHasnueaeTtcsa nar (TOIF) 3anpoca npepbiBaHus MO
nepenonHeHnto «tammepa O». OTOT 3anpoc Ha o06paboTky npepbiBaHUA MOXET OblTb
3amackmpoBaH, nytem cbpoca B «0O» cooTBeTCTByloWEero ©Outa paspelieHns 3anpoca
npepsbiBaHna (TOIE). dnar 3anpoca Ha ob6paboTky npepbiBaHua oT «Tammepa O0» (TOIF)
cbpacbiBaeTca NporpaMmMHoO nporpaMmmon o6paboTkmn NpepbiBaHNA.

Ecnn gna «taimepa 0» MCnonb3yeTcs BHELWHWA MCTOYHWK TaKTOBbIX MMMYMbCOB, TO
OCYLLECTBMSAETCA CUHXPOHM3AUUS BHELUHEro TaKTOBOrO CurHana v BHYTPEHHEW TaKTOBOW
yacTtoTbl. Pwuc. 28 wunnoctpupyeT MexaHu3M  CUHXPOHM3auuMn. TakToBbI  cUrHan
cuHxpoHusmpyeTcss nocrne npeggenutensa (MAMNKO). CurHan ¢ Bbixoga npeggenutens
(MANKO) camnnupyetca ABa pas3a B KaX4OM KOMaHAHOM LMKIE C LENbi AETEKTUPOBAHUSA
nosiBNeHns nepeaHero nUnu 3agHero ppoHta. TpeboBaHUa K NnapameTpamMm BHELLHEro curHana
CUHXpPOHM3auMn npuBegeHbl B Tabnuue anekTpuyecknx napameTpoB. [Mpouenypa
CUHXPOHM3aUNN BHELLUHUX TaKTOBbIX MMMYSbCOB, BHOCUT 3adepXKy OT BpeMeHW npuxopa
aKTMBHOro (poHTa 0O MOMeHTa maMeHeHust Tanmepom 0 cBoero coctosHusa. Ha Puc. 28
nokasaHo, 4YTO 3Ta 3agepkka MOXeT cocTaBnaTb oT 3Tc go 7Tc.

Mpobnema cuuTbiBaHua 16-paspsigHoro 3HadeHus permctpoB TMROL n TMROH
3aKn4vaeTcs B TOM, YTO MOCe CYMTbIBaHUSA Mnagwero (Mnu ctapllero) 6anTta, ero 3HadeHue
MoxeT nameHntbca ot FFh k 00h. Jna obecne4yeHnsa ogHO3HAYHOIO CYUTLIBAHUS COCTOSIHUS
cYeT4MKa peKkoMeHOYyeTCa MackupoBaTh CUrHas 3anpoca Ha o6paboTKy npepbiBaHUS.

3annmcs B nwbon u3 pernctpoe TMROL u TMROH 6nokvpyeT wusameHeHue
COOTBETCTBYIOLLEN 4YacTU cyeTymka «Tarmmepa O» B nocnegywolleM Mocre 3anucu uukne
MUKPOKOHTpOMfepa, Npy 3TOM 3annCb HE OKasblBaeT BMMSHUA Ha OPYryl 4YacTb CYeT4vuKa.
MoaTomMy pekoMeHayeTca nocrnenoBaTenibHO NPON3BOANTbL 3anncbk cHavana pernctpa TMROL,
a 3ateM TMROH. 3anucbk B nto6on na pernctpos TMROL nnn TMROH cbpacbiBaeT B ncxogHoe
cocTtosiHne npegaenutens (MAOMKO).

YcTtaHoBKa koadppuumeHTa genenua npegaenutens (MAMNKO) nonHocTbo 3aBUCUT OT
coctosaHusa permctpa TOSTA, TO ecTb 3HavyeHue koahpmumeHTa MoxeT OblTb MUBMEHEHO «Ha
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neTy» BO BpeMsi UCMOMHEHWA nporpammbl. [lepen unameHeHnem koapduumeHTa geneHus
pekomeHayeTca copacbiBatb MAMKLI.

[MpepbiBaHue No nepenonHeHunto
ycraHoBka TOIF (INTSTA<5>)

D— MpeaBapuTenbHbI
aenurtens
— (8 7 CUHXPOHM3auuna
PA1/TOCLK Fol4 b poHusauma |- TMROH<8> | TMROL<8>

TOSE CHETUMK)
(TOSTA<6>) 4 T T
TOCS  TOPS3:TOPSO Q2 Q4
(TOSTA<5>) (TOSTA<4:1>)
Puc. 27 bnok-cxema moaynsa «tanmep O0»

o

-

Q1|Q2|Q3|Q4EQ1 |Q2|Q3|Q4EQ1 |Q2|Q3|Q4 EQ1|Q2|QS|Q4

1
BbIXOA, ! (Mpum.2)
npeaaenutens : \ ! i
CMHXPOHU3NPOBAHHbIN 1 T T T T T T
BbIXOJ, L !
npeaaenvtens ' | ! | |

1 1
1 ]
] 1
1 1 ]
TMRO : TO X: TO + 1 X
1 1 ]

%

TO+2

[

Puc. 28 ®dyHkumoHMpoBaHue «Tanmep 0» OT BHELUHEro MCTOYHMKA TaKTOBbIX MMMYIbCOB

[TpumeyaHus:
1. 3apgepxka OT BpEMEHM Npuxoaa akTUBHOrO PpoHTa OO MOMeHTa mameHeHms TMRO

CBOEro coctosiHna coctaBnsaeT oT 3*Tc go 7*Tc.
2. OnntenbHOCTb MMNynbca Ha Bbixoae MAMKL MeHblwe YacToTbl CUHXPOHU3auuK. B aTom
cny4yae coctosiHue cvetymka TMRO He namenuTcs.

© AO «[l1KK MunaHOp» TCKA.431295.003Cr1 71



Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),
K1886BE3(31)QIl, KI886BE3(31)H4

Q1|Q2‘Q3|Q4EQ1 ‘Q2|Q3|Q4EQ1 |Q2|Q3‘Q4EQ1‘Q2‘Q3‘Q4EQ1 ‘Q2|Q3|Q4EQ1 ‘Qz‘Q3 ‘Q4

ALE L/ E /\ i /\ i /\ i /\ i /\ i
WR TRMOL ! .
WR_TRMOH | : | |—i : : |

RD_TMROL 1 : : L [ L |

TMROH | 12 X L2 X .13 X | AB : : i

1
™ROL FE X: FF X: 56 ! X: 57 X: 58 X:

1 1 ; 1
1 1 1 1
1 1 1 1
1 1 1 1
BoGupacvas | MOVFP MOVFP 1 MOVPF ! MOVPF MOVPF MOVPF 1
wictpykuys | DATALTMROL 1+ DATAHTMROH 1 TMROLW 1 TMROLW 1 TMROLW &+ TMROLW |
. Banmcb TMROL | 3amuck TMROH ; Ytenme TMROL | YteHne TMROL | Yrtenme TMROL ; Ytenne TMROL
1 1 1 1 1 1 1
] 1 1 1 1 1 1
BbINONHAEMas | npeabiaywas ! MOVFP ! MOVFP ! MOVPF ! MOVPF ! MOVPF !
WHCTpykLws | S90PaRRET . DATALTMROL 1 DATAHTMROH i TMROLW & TMROLW & TMROLW |
! PyKu ! 3anuck TMROL | 3anuce TMROH | Ytenne TMROL | Ytenne TMROL | Yrenue TMROL |

1 1 1 1

Puc. 29 ®dyHkumnoHupoBaHue «tanmep 0» npu obpaweHum k permctpam TMROL n TMROH

[lpbumeyaHue:
B npumepe 3anuceiBaetcs 3HadyeHne TMRO pasHoe ABS6h.
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Bnok annapaTtHou nogaepXKu anroputma
wundppoBaHuaA

CTpykTypa 65noka annapaTHOW noaaepXKu

brnok wwupoBaHna npegHasHayeH AOns annapaTHOWM  NOLAEPXKW  nporpamm
Kpuntorpadudeckon 3awmTbl tHGopmauum B cootBeTcTBum ¢ FOCT 28147-89.
Co CcTOpOHbI siapa MUKPOKOHTpornepa 6ok WwudpoBaHua npeacraBnseT cobon Habop
cnegyroLwmnx NporpaMMHO AOCTYNHbIX 8-pas3psaHbIX PerncTpos:
e peructpa ynpaenexumss CRPT_CWR,;
peructpa coctosHna CRPT_SR;
pernctpa gaHHbix CRPT_DATA;
pernctpa kntoda CRPT_KR;
pernctpa cuHxponocbiiikn CRPT_SYNR;
pernctpa KoHcTaHT 3aMeHbl CRPT_CR;
pernctpa nmmtosctaskm CRPT_IMIT;
peructpa yucna ntepauun CRPT_ITER.

CRYPTO

3mMmmuTOBCTaBKA ———
8 bant —
CucrtemHas
LInHa —_— o
Yuncno Utepaunn
npoueccopa —
Bnok
npeoGpa3oBaHus
Kntoy — OaHHbIX
32 banta —
[aHHble —
CurHan 8 Bat
npepbiBaHus A ]
<« CuHXpo
rnocblinka
8 bant
KoHcTaHTbI
3amMeHbl |
64 banta
Peructp —
ynpaesneHus E—
Peructp ‘ ‘ ‘ ‘ ‘

“/ COCTOSIHUSI {
Bnok » Bnok J
CamoTecTUpBoOaHust YnpaBnenus
‘ \

Puc. 30 bnok-cxema 65ioka annapaTtHON NOAOEPXKKN
anroputma wngposaHma no NOCT 28147-89
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Pernctpbl AaHHbIX, KMO4Ya, CUHXPOMOCHLINIKM M KOHCTAHT 3aMeHbl 4ABnsTcsa 8-
paspsgHbiMW  NopTaMn, 4Yepe3 KOTOPbIA  OCYLLEecTBRseTcs AOCTyn K COOTBETCTBYHOLUUM
mMaccuBaM AaHHbix (8 6anT), kntova (32 6anta), CMHXPONOChINKKN (8 6anT), KOHCTAHT 3aMeHbl
(8 6anT) n ummuToBCTaBKM (8 BanT).

Bnok wndpaumm cogepXnt ABa NpakTUY4eCKU OAMHAKOBLIX MOAYMS, OOHU M3 KOTOPbIX
peanuayeT OOUH U3 TPeX OCHOBHbIX PEXUMOB paboTbl YCTPOWCTBA, a APYron npefHasHaveH
ANa annapaTHOM NoA4epXXKn BbipabOTKM MMMTOBCTaBKU. OTO HEOOBXoaAMMO Ansi TOro, 4ToObl
AaHHble NPOXoAMIY Yepes3 YCTPONCTBO NULLb oaHaxabl, 6€3 NOBTOPHOro NPOXOXAeHUs vyepes
MOAYNb AN BbipaboTKN UMUTOBCTaBKM.

PaboTta ycTtporicTtBa (6noka wudpaunmn) BO3MOXHA B PEXMME OMNpoca Unn B pexnve
npepbiBaHusa. B pexunme onpoca HeobxooMMO MNOCTOSIHHO oOnpaluvMBaTb COCTOsiHME ©OuTa
rOTOBHOCTU B perncrpe coctosHusA. Ecnm GuT ycTtaHOBreH, JaHHble MOXHO cyuTbiBaTb. B
pexume npepbiBaHua npoueaypa 06paboTkM npepbiBaHUS, KOTopas akTUBM3MPYeTCcs Mo
curHany INT ycTponcTtBa, MOXeT cpasy CUMTbiBaTb [daHHble, He onpawumBad perucTp
COCTOSIHMSA. Bce cka3zaHHOEe OTHOCKTCS KO BCEM pexxumam paboTbl yCTPONCTBA.

®nar 3anpoca npepbiBaHna CRPTIF (Bbixog INT ycTporicTBa) ycTaHaBnmBaeTcs nocne
OKOH4YaHusA npeobpas3oBaHNA AdaHHbIX npu ycrosuu, 4to 6utel IE_ CRPT (peructpa
CRPT_CWR) n CRPTIE (peructpa PIE1) ycTtaHoBneHbl. 3anpoc npepbiBaHUS CHUMaEeTCs
nnbo npu cbpoce ycTponcTea (MporpaMmMHOM UM annapaTHoOM), NMBOo nNpu ctapTe (YyCTaHOBKe
outa “START” pernctpa ynpasneHus), nmbo no akTy YTEHNA OaHHbIX.

BbipaboTka MMMTOBCTABKM BO3MOXHA B Jt0OOM M3 OMNWCAHHbIX BbIE PEXUMOB
paboTbl. [JNa KoppekTHoM paboTbl B pexumax C BbipabOTKOM MMUTOBCTaBKM HeobGXxoaumo
nepen 3arpyskon Knwo4a, OaHHbIX U T.4. cOpocuTb ycTponcTBO (ycTtaHoBuTb OuT “RST” B
perncTpe ynpasrieHUs) Ans CUHXPOHM3auMM C HavyanoM naketa obpabaTtbiBaembiX AaHHbIX.
Takmm o6pas3om, npouecc MNporpamMMupoBaHMUs B pexuMMax C BblpabOTKOWM MMUTOBCTaBKM
AOMNOJSTHATCA ewe ogHMM, caMbiM MepBbIM AeNCTBMEM — cbpocom ycTporcTea. B octanbHom
oTnmumn HeT. lNMocne okoH4YaHuA npeobpal3oBaHWst OAHHbIX MMUTOBCTaBKa CUYMTbIBAeTCA U3
nopta MMUTOBCTaBKM, U3 HEe MPOrpaMMHbIM NyTEM Bblpe3aeTcs OTPE30K HYXXHOW ONVHbI U
nocbinaeTcsa Becreq nakety npeobpasoBaHHbIX AaHHbIX.

B pexunmax pewmndpaumm gaHHbIX Heobxoaumo nocrne obcyeTa nocrnegHero naketa
AaHHbIX OaTb elle odHW cTapT npeobpas3oBaHMA AN 3aBepLIeHUs pacdeTa MMUTOBCTABKM.
Mpn atom Tpebyetcs yctaHoBuTb 6uT IM B permctpe CRPT_CWR , a HOBble AaHHble
nocbinaTb He TpebyeTcs.

Tab6nuua 22
Pernctp ynpaenexnns CRPT CWR (agpec: 10h, 6aHk 7)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
BIST RST IE_CRPT DIR START IM MODE1_ | MODEO_
CRPT CRPT
out 7 6 5 4 3 2 1 6ut 0
our 7 BIST: TectoBbIN pexum paboTbl.
RST: C6poc - npegHasHaveH ang npMBefeHns YyCTpOUCTBa B
6uT 6 NCXOOHOE COCTOSIHME.
MpumeyaHue: 6ut «RST» cbpacbiBaeTcss aBTOMaTUYECKN B
cnegyruiemMm UukKne CUCTEMHON TakKTOBOMW YacCToThl
6UT 5 IE_CRPT: PaspeleHune npepbiBaHud. Micnonbayetcsa ong
paspeweHus («1») nnu sanpeta («0») Bblgaum curHana npepbiBaHus
6 DIR: HanpasneHnue wudpaummn: «0» — wndpaums, «1» —
ut4
aewmdpaums
© AO «lKK MunaHdp» TCKA1.431295.003Cf1 74




Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),
K1886BE3(31)QIl, KI886BE3(31)H4

outr 3

START: CrapTt. lNpeaHasHa4yeH ansa 3anycka npouecca
wnppauyunm/gewsmnpaunmn gaHHbIX.

MpumeyaHnue: 6ut «START» cbpacbiBaeTcs aBTOMaTUYECKN NOCne
Havana npeobpasoBaHus

ouTt 2

IM: BbipaboTka MMUTOBCTaBKM B peXxmnmMax gewmdpaumm gaHHbiX. but
«IM» ycTaHaBnMBaeTCa NOCre OKOHYaHMst 06paboTKn AaHHbIX ANs
3aBepLUeHns BbipaboTkn UMMTOBCTaBKMW. [locne yCTaHOBKM
HeoBXoaMMO BbIMOMHUTL eLLe OAMH LMK 06paboTkm (He nocbinas
AaHHbIX), NOCNe Yero UMMTOBCTaBKa MOXeT ObITb NMpoYMTaHa u3
yCTpONCTBa

outr1,0

MODE1_CRPT — MODEO_CRPT: Pexum paboTbl 6roka:

00 - paboTa B pexume npoCTon 3aMeHbl;

01 - paboTta B pexxmMme raMM1MpOBaHUS;

10 - paboTa B pexmme raMMupoBaHus ¢ 0bpaTHON CBA3bIO;

11 - MHMUManM3aumsi CUHXPOMOCHISIKK.

MpumeyaHue: B pexumax «01» n «10» nepen Ha4anom obpaboTkm
AaHHbIX crnefyeT 3anmMcatb CUHXPOMOCHISIKY, YCTAaHOBUTL peXmum «11»
1 nocnaTtb KOMaHay «ctapT». [lanee HeobXoANMMO YCTAHOBUTbL HY>KHbIN
pexum n obpabortatb AaHHbIE

Ob603Ha4YeHuUs:

R = 6ut ang yteHusa; W = OUT ¢ BO3MOXXHOCTbIO 3aruncu;
U = 6uT He peanunsoBaH, YntaeTcs Kak 0;
-n = 3Ha4yeHune buta nocne copoca No BKNHYEHUIO NMUTAHWS:

1 = ycTaHoOBnNEH,;

0 = cOpoLueH;
X = 3Ha4YeHMe He U3BECTHO.

Tabnuua 23
Pernctp coctoaHna CRPT SR (agpec: 11h, 6aHK 7)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DNC _ . . . . . ERROR_ | READY_
BIST KW() SW() DR(") DW(*) KF() CRPT CRPT
out 7 6 5 4 3 2 1 6ut 0
our 7 DNC BIST: Pesynbrat AMHaMn4eCckoro KOHTponsi/caMmoTeCTUPOBaHUSA
ouT 6 KW(*): CocTosiHne ykasaTensi YyTeHusi NaMaTt UMUTOAAHHbIX
our 5 SW(*): CocTosiHMe ykasaTtenst 3annucy NaMsiT CUHXPOMOCHINKM
out 4 DR(*): CocTosiHMe yKasaTens YTeHNA NaMsaTy AaHHbIX
our 3 DW(*): CocTosiHne ykasaTens 3anmcu naMmsatm JaHHbIX
ouT 2 KF(*): CocTosaHuMe ykasaTens 3annucm namaTu Knova
out 1 ERROR_CRPT: Owwnbka. but onpegensiet HanuymMe nnun otcyTcTeme
ownbku B pabote yctponctea. CocTosiHMe oMbk BO3HMKAET B
cny4yae nonbITKM 3anyCTUTb Npouecc NnpeobpasoBaHns AaHHbIX NPU HE
NOJSTHOCTbBIO 3aNMCaHHbIX AAHHbIX UMW KINKYe
out 0 READY_CRPT: PaboTa/rotoBHOCTb. BUT onpegensieT rotToBHOCTb

AaHHbIX NOCNe BbINOSTHEHHOIO Npeobpa3oBaHus (LWndpauumn nnm
Aewmndpaumm). Nocne Havana npeobpasoBaHna AaHHbIX GUT
aBTOMaTU4eCckn cbpacbiBaeTCa 1 BHOBb YCTaHaBNMBAETCs Nocne
3aBepLueHus npeobpaszoBaHus
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Obo3Ha4YeHus:.

R = 6ut ansa uytenmsa; W = 61T ¢ BO3MOXHOCTbIO 3anucy;

U = 6uT He peanuaoBaH, YntaeTcs kak 0;

-n = 3Ha4yeHune 6uTa nocrne cbpoca No BKITOYEHNIO NUTAHUS:
1 = ycTaHoBsEH;
0 = cOpoLueH;
X = 3Ha4YeHne He U3BECTHO.

[lpbumeyaHue:
(*) BuTbl 6...2 3apesepBupoBaHbl ANA CUCTEMHBIX Lenen. o nx COCTOAHUIO NPOrpaMmMnCT npu

HeobXxo4MMOCTN MOXEeT onpenenuTb MONOXeHWEe yKasaTenewm 3anncu u YteHust (COCTosiHMe
6uTOoB M MHTepnpeTaums OyayT onpedeneHbl B AanbHEWWeEM, Tak Kak ana paboTbl OHWM He
ABMSAOTCA HEOOBXOAUMbBIMMN).

Tabnuua 24
Pernctp ganHbix wndgpaumm CRPT DATA (agpec: 12h, 6aHk 7)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

DATAY DATAG DATAS DATA4 DATAS DATAZ2 DATAl DATAO

outr7 6 5 4 3 2 1 out 0

our7...0 DATA7...DATAO: 8-mu paspsgHbIn NOPT AaHHbIX, NpegHa3HaYEeHHbIN
Ansi BBOAA UCXOOHbIX UK BbiBoAa NpeobpasoBaHHbIX AaHHbIX. [1pu
3TOM agpec Ans Bcex 6anToB AaHHbIX B NPOrpaMme ykasbiBaeTCH
OAVH W TOT Xe. 3anuck Bcex 6anToB AaHHbIX B MOAYMb
OCYLLECTBMAETCA NocnegoBaTenbHOM 3anncbio 6anToB No agpecy
permctpa gaHHblX, Ha4YMHas ¢ mnaguwero 6anTta (Mnu nepsoro banTta
TEKCTa, eCnn JaHHble paccMaTpuBaTth Kak TEKCT). YTeHne
OCyLecTBAgeTCsa aHanornyHo. PeanbHas agpecaumsi BO BHYTPEHHEN
namMsiTM MOAYJS OCYLLECTBAAETCA BHYTPEHHUMU YKa3aTensmu,
aBTOMaTUYECKN NHKPEMEHTUPYIOLLMMUCS U
AEKPEMEHTUPYIOLMMNCS B 3aBUCUMOCTU OT HanpaBlieHust nepeaaym
AaHHbIX. OTMETUM, YTO yKasaTenu 3anucu n YTeHus cbpacbiBatoTcs
npu NporpaMmmMHOM cbpoce yCTPOWCTBa, T.€. Npu yCTaHOBKE Buta
«RST»

Ob6o3Ha4yeHus:.

R = 6ut onga ytenus; W = 6UT C BO3MOXHOCTbIO 3aMnuncH;

U = 6uT He peanu3oBaH, YntaeTcs Kak 0;

-n = 3Ha4yeHune buta nocne cbpoca No BKMKYEHUIO NMUTAHWS:
1 = yCcTaHOBNEH,;
0 = cOpoLueH;
X = 3Ha4YeHne He U3BECTHO.
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Tabnuua 25
Pernctp kntova wngppauun CRPT KR (agpec: 13h, 6aHk 7)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
KEY7 KEY6 KEY5 KEY4 KEY3 KEY2 KEY1 KEYO
ont7 6 5 4 3 2 1 out 0
our7...0 KEY7... KEYO0: 8-Mu pa3psaHbIn NOPT KNioya, npegHasHayveHHbIn ons
BBOAA ucxogHoro kno4a. Npun aTom agpec onsa Bcex 6antos kniova B
nporpaMmme ykasblBaeTCsl OO4HW U TOT Xe. 3anucb Bcex OanToB Kro4a
B MOAY/b OCYLLECTBNSAETCA nocrnefoBaTeNibHOM 3anmcbo 6anToB no
afpecy perucrtpa Knwo4a, HaumHas ¢ mnaguero banrta
Obo3HavyeHus:

R = 6ut ang yteHusa; W = OUT ¢ BO3MOXXHOCTbIO 3aruncu;

U = 6uT He peanunsoBaH, YntaeTcs kak O;

-n = 3Ha4yeHune buta nocrne copoca No BKNHOYEHUIO NUTAHMS:
1 = yCcTaHOBNEH,;
0 = cOpoLueH;
X = 3Ha4YeHne He U3BECTHO.

Tabnuua 26
Pernctp cunuxponocbinikn CRPT_SYNR (agpec: 15h, 6aHk 7)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SYNCH7 | SYNCH6 | SYNCH5 | SYNCH4 | SYNCH3 | SYNCH2 | SYNCH1 | SYNCHO
ouT 7 6 5 4 3 2 1 6ut 0
our7...0 SYNCH?7...SYNCHO: 8-mu pa3psagHbIn NOPT CUHXPOMNOCHISIKK,
npegHasHa4YeHHbIV 4ns BBOAA UK BbiBOAA CUHXPONOCKINKK. Mpun
3TOM agpec Ans Bcex 6anToB CUHXPOMOCHLINKA B NporpaMmme
yKa3blBaeTCHa OOMNH U TOT Xe. 3anncb Bcex 6anToB AaHHbIX B MOOYMb
OCyLecTBAAeTCs nocnegoBaTenbHOM 3anncbio 6anToB No agpecy
perncTpa CMHXpPOMNOChINIKW, Ha4YMHas ¢ mnagwero 6anta. YteHve
OCYLECTBNAETCSA aHanorm4yHo
Ob6o3Ha4YyeHus:

R = 6ut anga ytenus; W = 6UT ¢ BO3MOXHOCTbIO 3amnucH;

U = 6uT He peanun3oBaH, YntaeTcs kak 0;

-n = 3Ha4yeHune buta nocne cbpoca No BKMKYEHUIO NMUTAHWS:
1 = yCcTaHOBNEH,;
0 = cOpoLueH;
X = 3HA4YeHne He U3BECTHO.
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Tabnwuua 27
Peructp koHcTaHT 3ameHbl CRPT_CR (agpec: 14h, 6aHk 7)

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

CONST7

CONST6

CONST5

CONST4

CONST3

CONST2

CONST1

CONSTO

out 7

6

5

4

3

2

1

out 0

our7...0

CONSTY7...CONSTO: 8-Mu1 pa3psgHbI NOPT KOHCTAHT 3aMeHb!,
npegHasHa4YeHHbIN Ana BBOAA KOHCTAHT 3ameHsbl. [pu aTom agpec
ANnsa Bcex 6anToB KOHCTAHT B NpOrpamMmMe yKka3blBaeTCs OAWNH U TOT XKe.
3anncb Bcex 6anToB faHHbIX B MOAYIb OCYLLECTBNAETCS
nocregoBaTenibHOM 3anucbio 6anToB NO aapecy pernctpa AaHHbIX,
HadnHasa ¢ mnaglwero 6anta. BBog KOHCTAHT 3aMeHbI
ocyulecTBngeTcs nobanTHO, Te eCTb BBOAATCA cpasy ABE KOHCTAHTbI
B BuAe, rae crapwunm nonybanTt COOTBETCTBYET CTapLueMy agpecy
Onoka KOHCTaHT, Hanpumep, 4Yncno 97h, BBeaeHHoe no agpecy «0»,
Oo3Havaert 3anonHeHune «7h» no agpecy «0» n 3anonHeHue «9h» no
agpecy «1». 3anonHeHne y3noB 3aMeHbl OCYLLEeCTBNAETCS HaYnHas C
1 y3na v 3akaH4nBas y3nom 8

Obo3Ha4YeHus:

R = 6ut ang yreHuns; W = OUT ¢ BO3MOXXHOCTbIO 3anuncu;
U = 6uT He peanunsoBaH, YntaeTcs Kak 0;
-n = 3Ha4yeHune 6uta nocne copoca No BKMKYEHUIO NMUTAHWS:

1 = yCcTaHOBNEH,;

0 = cbpouueH;
X = 3HAa4YeHMe He U3BECTHO.

Tabnuua 28
Pernctp nmutosctaskm CRPT_IMIT (agpec: 17h, 6aHK 7)

R/W-0

R/W-0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

IMIT7

IMIT6

IMITS IMIT4 IMIT3 IMIT2 IMIT1 IMITO

out7

5 4 3 2 1 out 0

our7...0

IMIT7... IMITO: 8-Mu pa3spsaHbIn NOPT UMUTOBCTABKMX, NpeaHa3HayYeHHbIN
ANs BbIBO4A MMUTOBCTABKM NOCHe npouecca wudpaumm n gemndpawmm
Mpn aTom agpec onsa Bcex 6anToB MMMTOBCTABKM B NporpamMmme
yKasblBaeTCsa O4uH U TOT Xe. YTeHne Bcex 6anToB JaHHbIX N3 MOAYNs
OCyLLeCTBNAeTCs nocnegoBaTernbHO Mo agpecy pernctpa MMMTOBCTaBKM,
HadnHasa ¢ mnagwero 6anta. BeipaboTka MMUTOBCTaBKM
OCyLLEeCTBMNAeTCA aBTOMaTn4eCckn napannensHo ¢ wudpaumen nnm
Aewmdpaumen gaHHbIX. [locne okoHYaHuSA WpoBaHUA UMUTOBCTaBKa
cunTbIBaeTCH U3 pernctpa u ganee obpabartbiBaeTcs NporpamMmMHoO B
cootBetcTBmne ¢ FOCT 28147-89

Obo3Ha4vyeHus:

R = 6uTt ansa yteHus; W = 6UT ¢ BO3MOXHOCTbIO 3armncu;
U = 6uT He peann3oBaH, YntaeTcs kak 0;
-n = 3Ha4yeHune buta nocne cbpoca No BKMKYEHUIO NMUTAHWS:

1 = yCcTaHOBNEH,;

0 = cOpoLueH;
X = 3Ha4YeHne He M3BECTHO.
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Tabnuua 29
Pernctp uncna ntepaumn CRPT ITER (agpec: 16h, 6aHK 7)
R/W-0 R/W-0 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
- EN_CRPT ITERS ITER4 ITER3 ITER2 ITER1 ITERO
out 7 6 5 4 3 2 1 6ut 0
our7 3ape3epBnpoBaHo.
ouTt 6 EN_CRPT: but paspelueHnsa paboTbl 6roka.
«0» - 6ok annapaTHOM NOAAEPXKKM anropMTMa KOAMPOBaHUSA
BbIKITHOYEH;
«1» - BrIOK BKITHOYEH
our 5...0 ITERS...ITERO: Pernctp cyetymnka ntepaumi LMKnos
Wwnppauunm/gewmgpaymnm
Obo3Ha4YeHus:

R = 6ut ang yteHusa; W = OUT ¢ BO3MOXXHOCTbIO 3aruncu;
U = 6uT He peanunsoBaH, YntaeTcs Kak 0;

-n = 3Ha4yeHune buta nocrne copoca No BKNHOYEHUIO NMUTAHWS:
1 = yCcTaHOBNEH,;

0 = cOpoLueH;

X = 3Ha4yeHne He N3BeCTHO.

[TpumeyaHue:

But EN_CRPT meHsieTca Tonbko B Tom cnyydae ecnm 6ut DNC_BIST pernctpa CRPT_CWR

cObpoOLLEH.
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PaboTta 6noka wudpoBaHmsa n aewmncgppoBaHUA AaHHbIX

=

Nogokrwh

8.

9.

Llu¢ghpoeaHue OaHHbIX. Pexum npocmoli 3aMeHbI

Mopsagok BbINONHAEMbIX AencTeui (cMm. Mpumep 13):

BbinonHnTe nporpamMmmHbii cbpoc  ©Onoka Ans CMHXPOHU3aUUMM  UMUTOBCTaBKM
(yctaHoBUTb OUT «RST» B pernctpe ynpaBneHus);

YctaHoBuTb pexum «00» B permctpe ynpasneHus n 6ut HanpaeneHus wngpoBaHus;
Beectu kntoy (cm. MNpumep 12);

BBecTu koHCTaHTbI 3ameHbl (cM. MNpumep 12);

BBecTtn ouepeaHon 610K AaHHbIX;

YctaHoButb 6uT «START» B pernctpe ynpasneHus;

Mogoxpatb, noka npeobpasoBaHWe 3akoHYUTCA (NMMBO MO npepbiBaHUO, NMMBO Mo
onpocy éuta roToBHOCTH);

MpounTaTh Npeobpa3oBaHHbLIE AAaHHbLIE U, ECNN HE BCE NakeTbl 0bpaboTaHbl NEPENTU K
n.5, unun, B NpOTUBHOM criyyae nepentu n.9.;

[MpoynTaTh MMUTOBCTaBKY U3 NopTa MMUTOBCTABKM.

[MpumeyaHue:

MMyHKTLI 1 1 2 (NporpamMMHBIN COPOC N YCTAaHOBKA PEXNMOB) MOXHO BbINONHATL OAHOBPEMEHHO
(oaHOM KOMaHOoN).

Mpumep 12
BapuaHT nognporpaMmbl MHALMANM3aummn Knk4va M KOHCTAHT 3aMeHbl

init_crypto: MOVLB 7

CLRF 10h,F
BSF 10h,6 ; MPOrpamMMHbIN COPOC YCTPONCTBA
MOVLW key . MTHUUmnanmsaymsa knoda 32 6anrta

MOVWF FSRO

MOVLW 20h
MOVWF count

in_key: MOVFP INDFO,13h
DECFSzZ count,F
GOTO in_key
MOVLW 45h ; 3arpy3ka KOHCTaHT 3aMeHbl 64 banTta

MOVWF 14h
MOVLW 67h
MOVWF 14h

MOVLW 89h
MOVWF 14h
MOVLW Oabh
MOVWF 14h
MOVLW Ocdh
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MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF

RETURN

14h
Oefh
14h
O1h
14h
23h
14h

Mpumep 13
Mognporpamma WndpoBaHNA LaHHbIX B PEXMME MPOCTON 3aMeEHbI

simple_code:MOVLB

7

CLRF 10h,F
MOVLW indata . MHUUManm3aumsa AaHHbIX 8 6anT
MOVWEF FSRO
MOVLW 8h
MOVWF count
in_data: MOVFP INDFO0,12h
DECFSz count,F
GOTO in_data
MOVLB 7
BSF 10h,3 ; CTapT WNdpPOBaHUS
waitl: BTFSS 11h,0 ; oxxmaaHue oKoHYaHUA WKpoBaHNS
GOTO waitl
MOVLW outdata ; UTeHMe 3almnpoBaHHbIX AaHHbIX 8 6anT
MOVWEF FSRO
MOVLW 8h
MOVWEF count
in_datal: MOVFP 12h,INDFO
DECFSZ count,F
GOTO in_datal
MOVLW imit : YTEHMe MMUTOBCTaBKM 8 banT
MOVWEF FSRO
MOVLW 8h
MOVWEF count
in_imit: MOVFP 17h,INDFO
DECFSz count,F
GOTO in_imit
RETURN
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HewudgppoeaHue 0aHHbIX. Pexxum npocmoli 3aMeHbI

Mopsagok BbINONHAEMbIX AencTeui (cMm. MNMpumep 14):

BbINONHWUTL nNporpamMHbIn  cOPOC YCTPOMCTBA [ASI9 CUHXPOHMU3ALUN UMUTOBCTaBKM

(ycTtaHoBUTL 6UT «RST» B pernctpe ynpasnenuns);

BeecTu kniovy;

BBeCTu KOHCTaHTbI 3aMeHb;

YctaHoBuTb pexum «00» B pernctpe ynpasneHusi 1 Ut HanpaBneHus WndpoBaHus;

BeecTtn ouepeaHon 6ok AaHHbIX;

YctaHoButb 6ut «START» B pernctpe ynpasneHus;

Mogoxpatb, noka npeobpasoBaHWe 3akoHYUTCA (NMBO Mo npepbiBaHUIO, NMBO Mo

onpocy éuta roToBHOCTW);

lMpounTaTe NpeobpasoBaHHbIE JaHHbIE U, eCrn He Bce nakeTbl 0bpaboTaHbl NepenTn K

n.5, nnu, B NpPOTUBHOM cilyyae nepenTn K n.9;

9. OgHoBpeMeHHOo ycTaHoBuUTb OuTbl «IM» n «START» B pernctpe ynpaBneHus AOns
3aBepLUeHns BbIpaboTKM MMUTOBCTABKM (MX 3anUCb B PErncTp AOSMKHA NPOBOAUTHLCH
OZHOW KOMaHAoW);

10.MogoxpaTtb, noka npeobpasoBaHMe 3aKOHYMTCA (NMMBO NO npepbiBaHUO, NGO no
onpocy éuta roTOBHOCTH);

11.MpoynTtaTe MMUTOBCTABKY U3 NopTa UMUTOBCTABKM.

=

No ok wN

o

Mpumep 14
lMognporpamma gelwmdpaunmn gaHHbIX B peXXUME NPOCTOM 3aMeHbI

simple_decode: MOVLB 7
MOVLW 10h ; YCTAHOBUTb peXnm gelumdpaumm
MOVWF 10h

MOVLW outdata ; 3aNNCb 3alUNpPOoBaHHbIX AaHHbIX 8 6anT
MOVWF FSRO

MOVLW 8h
MOVWF count

in_data2: MOVFP INDFO,12h
DECFSZ count,F

GOTO in_data2
BSF 10h,3 ; CTapT gelwwmdpauuu
wait2: BTFSS 11h,0 ; oxxmgaHne okoH4YaHus gewmdpaumm
GOTO wait2
MOVLB 7
MOVLW outdata ; UTeHMe aelwndpoBaHHbIX AaHHbIX 8 6anT
MOVWEF FSRO
MOVLW 8h

MOVWF count
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in_data3: MOVFP 12h,INDFO

DECFSZ count,F

GOTO in_data3
MOVFP 10h,WREG ; ctapT BblpaboTkn UMUTOBCTaBKM
BSF WREG,2
BSF WREG,3
MOVFP WREG,10h
wait_im1: BTFSS 11h,0 ; oxXmaaHne OKoH4YaHWs BbIpaboTKM UMUTOBCTaBKM
GOTO wait_im1
MOVLW 8h
MOVWF count
MOVLW imit : YTEHMEe UMUTOBCTaBKM 8 6anT

MOVWF FSRO

in_imit1: MOVFP 17h,INDFO

DECFSZ count,F
GOTO in_imitl
RETURN

8.

9.

Llu¢hpoeaHue OaHHbIX. Pexum camMmupoeaHus

Mopsigok BbinonHsaeMbIx genctenim (cm. MNpumep 15):

BbInONHWTL nNporpamMHbIn  CcOPOC YCTPOMCTBA ASI CUHXPOHMU3ALUN MUMUTOBCTABKM
(yctaHoBUTb OUT «RST» B pernctpe ynpasneHus);

BBecTtu kntovy;

BBeCTM KOHCTaHTbI 3aMeHbI;

YcTaHOBUTb pexnm «11» B perncrTpe ynpasneHns ans nHmyuanuasaumm CUHXpOMNOChISNKA
1 BUT HanpaBneHus WnhpoBaHns;

BBecTn CMHXPONOCHISIKY;

YctaHoButb 6ut «START» B pernctpe ynpasneHus;

MopoxpaTb, Noka npeobpasoBaHWe 3akoHYUTCA (NMMBO no npepbiBaHWO, NGO no
onpocy éuta roTOBHOCTN);

YcTtaHoBUTbL pexumM rammmpoBaHna «01»;

BBECTU o4yepeaHOM 610K faHHbIX;

10.YcTaHoBuTb 6T « START» B perncTtpe ynpaBneHus;
11.MogoxaaTtb, noka npeobpasoBaHMe 3aKOHYMTCHA (NMMBO MO npepbiBaHUo, MO no

onpocy 6uta roToBHOCTH);

12.MpoumnTaTbh NpeobpasoBaHHbIe AaHHbIE U, eCrn He Bce NakeTbl 0bpaboTaHbl NepenTn K

n.9, nnu, B NPOTUBHOM ciyyae nepenTn K n.13;

13. npO‘-II/ITaTb MMUTOBCTAaBKY U3 NopTa UMUTOBCTABKN.
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gam_code:

wait_s:

in_data_s:

wait_d :

Mpumep 15
MMognporpamma Wndpaunmn JaHHbIX B peXXMMe raMMUpoOBaHNS
MOVLB 7
MOVLW 3h
MOVWEF 10h
MOVLW 35h ; UHUUManm3auma CUHXPOMOCHITKA
MOVWF 15h
MOVLW 8ah
MOVWF 15h
MOVLW 60h
MOVWF 15h
MOVLW 0d1h
MOVWF 15h
MOVLW 81h
MOVWF 15h
MOVLW 2ah
MOVWF 15h
MOVLW 44h
MOVWF 15h
MOVLW 45h
MOVWF 15h
MOVLB 7
BSF 10h,3 ; CTapT npeobpasoBaHns
BTFSS 11h,0 ; oxxngaHne oKoH4YaHus NnpeobpasoBaHus
GOTO wait_s
MOVLW 01h
MOVWEF 10h
MOVLW indata ; UHAUManu3aumns gaHHbIX 8 6ant
MOVWF FSRO
MOVLW 8h
MOVWEF count
MOVFP INDFO,12h
DECFSz count,F
GOTO in_data_s
MOVLB 7
BSF 10h,3 ; CTapT WndpoBaHnA
BTFSS 11h,0 ; oxxnagaHne oKoHYaHus WnpoBaHms
GOTO wait_d
MOVLW outdata ; YTeHWe 3alMdPOBaHHbIX AaHHbIX 8 BanT
MOVWF FSRO
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MOVLW 8h
MOVWF count

in_datal: MOVFP 12h,INDFO

DECFSZ count,F

GOTO in_datal
MOVLW imit : YTeHne MMUTOBCTaBKU 8 banT
MOVWF FSRO
MOVLW 8h
MOVWF count
in_imit: MOVFP 17h,INDFO
DECFSZ count,F
GOTO in_imit
RETURN

8.

9.

HewudhpoeaHue 0aHHbIX. Pexxum 2caMmupoeaHusi

Mopsigok BbInonHsaeMbix genctenin (cm. MNpumep 16):

BbINONHWUTL nNporpamMHbIn  cOPOC YCTPOMCTBA AN CUHXPOHU3ALMN UMUTOBCTABKM
(yctaHoBUTb OUT «RST» B pernctpe ynpasneHus);

BBecTtu kntovy;

BBeCTM KOHCTaHTbI 3aMeHbI;

YCTaHOBUTb pexnm «11» B pernctpe ynpasneHnsa ans nHuuuanmasawmm CUHXPOMNOCHINKA
N BUT HanpaBneHus WnhpoBaHns;

BBecTn CMHXPONOCHISIKY;

YctaHoButb 6ut «START» B pernctpe ynpasneHus;

Mogoxpatb, noka npeobpasoBaHWe 3akoHYUTCS (NMMBO NO npepbiBaHUIO, NMMBO Mo
onpocy éuta roTOBHOCTN);

YCcTaHOBUTb pexnm rammmupoBaHns «01»;

BBecTtn ouepeaHon 6Nok AaHHbIX;

10.YcTtaHoBuTb 6T « START» B perncTtpe ynpaBneHus;
11.MogoxpaTtb, noka npeobpasoBaHWe 3aKOHYMTCHA (NMMBO MO npepbiBaHUO, MO0 no

onpocy 6uta roToBHOCTH);

12.MpoumnTaTb NpeobpasoBaHHbIE AaHHbIE U, eCN He Bce nakeTbl 0bpaboTaHbl NepenTn K

n.9, nnu, B NPOTUBHOM cfyyae nepenTn K n.13;

13.0gHoBpeMeHHO ycTaHoBUTL BUTbl «START» u «IM» B pernctpe ynpasneHusa Ans

3aBepLieHud Bblpa6OTKI/I MMUTOBCTaBKW;

14.TlogoxaaTtb, noka npeobpasoBaHMe 3aKOHYMTCHA (NMMBO MO npepbiBaHUo, NMOO no

onpocy 6uta roTOBHOCTH);

15. npO‘-II/ITaTb MMUTOBCTaBKY U3 NopTa UMUTOBCTABKN.
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Mpumep 16
Mognporpamma gewmndpaumm AaHHbIX B peXUMe raMMUpOBaHuUs

gam_decode: MOVLB 7
MOVLW 13h
MOVWEF 10h

MOVLW 35h ; UHUUManm3auma CUHXPOMOCHITKA
MOVWF 15h
MOVLW 8ah
MOVWF 15h
MOVLW 60h
MOVWF 15h
MOVLW 0d1h
MOVWF 15h
MOVLW 81h
MOVWF 15h
MOVLW 2ah
MOVWF 15h
MOVLW 44h
MOVWF 15h
MOVLW 45h
MOVWF 15h

MOVLB 7
BSF 10h,3 ; CTapT npeobpasoBaHns

wait_s2: BTFSS 11h,0 ; OKngaHve okoH4YaHus npeobpasoBaHns
GOTO wait_s2

MOVLW 11h
MOVWF 10h

MOVLW outdata ; UHAUManu3aumns gaHHbIX 8 6ant
MOVWF FSRO
MOVLW 8h

MOVWF count

in_data_s1: MOVFP INDFO,12h
DECFSZ count,F

GOTO in_data_sl1
MOVLB 7
BSF 10h,3 ; CTapT gewwmdopaumm
wait_d2: BTFSS 11h,0 ; OXXMOaHWe OKOHYaHus gelumdpaumm
GOTO wait_d2
MOVLB 7
MOVLW outdata ; UTeHne gewmndpoBaHHbIX AaHHbIX 8 6anT
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MOVWF FSRO
MOVLW 8h
MOVWF count
in_data31l: MOVFP 12h,INDFO
DECFSZ count,F
GOTO in_data31
MOVLB 7
MOVFP 10h,WREG ; ctapT BblpaboTkn UMUTOBCTaBKM
BSF WREG,2
BSF WREG,3
MOVFP WREG,10h
wait_im2:  BTFSS 11h,0 ; OKMAaHNe OKOHYaHMUs BbIpabOTKM MMUTOBCTaBKU
GOTO wait_im2
MOVLW 8h
MOVWF count
MOVLW imit : YTeHMEe UMUTOBCTaBKM 8 6anT
MOVWF FSRO
in_imit2: MOVFP 17h,INDFO
DECFSzZ count,F
GOTO in_imit2
RETURN

Llu¢ghpoeaHue OaHHbIX. Pexum cammupoeaHusi c 0bpamHol cesi3bio

Mopsigok BbinonHsaeMbIx genctenim (cm. MNpumep 17):
BbinonHUTL nNporpaMMHbIA COPOC yCTpOMCTBA AN CUHXPOHU3AUUW MMWUTOBCTaBKU
(yctaHoBUTb OUT «RST» B pernctpe ynpasneHus);

2. BBectu knovy;

how

©No o

BBeCTu KOHCTaHTLI 3aMeHb;

YCTaHOBUTb pPeXNM raMMmnpoBaHus ¢ obpaTtHom cBa3bio «10» B pernctpe ynpasneHus u
OMT HanpaBneHns WNgpoBaHus;

BBecTn CMHXpONOCHISIKY;

BeecTtn ouepegHon 610K AaHHbIX;

YctaHoButb 6ut «START» B pernctpe ynpasneHus;

Mogoxpgatb, noka npeobpasoBaHne 3akoHYUTCA (NGO no npepbiBaHWUO, NMMBO Mo
onpocy 6uta roToBHOCTH);

MpounTaTh Npeobpa3oBaHHbIE JaHHbIE U, ECNN HE BCe nakeTbl 0bpaboTaHbl NEPENTU K
n.6, nnu, B NpOTUBHOM cnyyae nepentn K n.10;

10. npO‘-II/ITaTb MMUTOBCTAaBKY U3 NopTa UMUTOBCTABKN.
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Mpumep 17

Mognporpamma wndgpaumm gaHHbIX B peXnMe ramMmmpoBaHnsa ¢ o0paTHOM CBA3bIO

gam_os_code:

in_data_os:

wait_os:

in_datal:

MOVLB 7
MOVLW 02h
MOVWF 10h
MOVLW 35h
MOVWF 15h
MOVLW 8ah
MOVWF 15h
MOVLW 60h
MOVWF 15h
MOVLW 0d1lh
MOVWF 15h
MOVLW 81h
MOVWF 15h
MOVLW 2ah
MOVWF 15h
MOVLW 44h
MOVWF 15h
MOVLW 45h
MOVWF 15h
MOVLW indata
MOVWF FSRO
MOVLW 8h
MOVWF count
MOVFP INDFO0,12h
DECFSZ count,F
GOTO in_data_os
MOVLB 7
BSF 10h,3
BTFSS 11h,0
GOTO wait_os
MOVLW outdata
MOVWEF FSRO
MOVLW 8h
MOVWEF count
MOVFP 12h,INDFO
DECFSz count,F
GOTO in_datal
MOVLW imit
MOVWF FSRO

» MHUUManmn3auma CUHXpPOMNOCHIJIKA

: MHUUManm3aumsa AaHHbIX 8 6anT

; CTapT Wwudopauum

; OXXnaaHue OKoHYaHMs Wndpaumm

; UTeHue 3aWmnpoBaHHbIX AaHHbIX 8 6anT

; YTEHNE NMUTOBCTaBKM 8 6anT
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MOVLW 8h
MOVWF count

in_imit: MOVFP 17h,INDFO
DECFSZ count,F
GOTO in_imit
RETURN

HewugposaHue daHHbIX. Pexxum 2ammupoeaHusi ¢ obpamHol cesi3bio

Mopsagok BbINONHAEMbIX AencTeui (cMm. MNMprumep 18):

1. BbInoOnHWTL nporpamMHbIN COPOC YCTpOMCTBA AN CUHXPOHU3AUMN MMUTOBCTaBKM

(yctaHoBUTb OUT «RST» B pernctpe ynpaBneHus);

BeecTu kntovy;

BBeCT KOHCTaHTbl 3aMeHb;

YCTaHOBUTb PEXUM raMMUpoBaHus ¢ obpaTHoun cBA3bto «10» B perucTpe ynpaBneHus u

OUT HanpaBneHns WngpoBaHus;

BBecTn CMHXpONOCHISKY;

BBecTtn ouepeaHomn 6n0OK AaHHbIX;

YctaHoButb 6uT «START» B pernctpe ynpasneHus;

Mogoxpatb, noka npeobpasoBaHWe 3akoHUUTCA (NMMBO No npepbiBaHUO, NMOO No

onpocy duta roToBHOCTN);

9. lMpoumnTtaTb NpeobpasoBaHHbIE OAHHbLIE N, ECNM HE BCE NakeTbl 06paboTaHbl NEPENTU K
n.6, unu, B NpOTUBHOM criydae nepentu k n.10;

10.0gHoBpemMeHHO ycTaHoBUTb 6uTbl «START» n «IM» B pernctpe ynpaeneHus AOns
3aBepLUEeHMs BbIpabOTKN UMUTOBCTaBKY;

11.MogoxpaTtb, noka npeobpasoBaHMe 3akOHYMTCA (NMMOO NO npepbiBaHuio, NMBoO no
onpocy éuta roTOBHOCTH);

12.MMpoynTtaTe MMUTOBCTaBKY U3 NopTa MMUTOBCTABKM.

Hwn

©NOo O

Mpumep 18
[Mognporpamma gewmdpaunmn JaHHbIX B pEXUME raMMUPOBaHNSA ¢ 06paTHON CBA3bIO

gam_os_decode:
MOVLB 7
MOVLW 12h
MOVWF 10h

MOVLW 35h ; MHULManm3aunsa CUHXpOMNOCHLINKU
MOVWEF 15h
MOVLW 8ah
MOVWEF 15h
MOVLW 60h
MOVWEF 15h
MOVLW 0d1h
MOVWEF 15h
MOVLW 81h
MOVWEF 15h
MOVLW 2ah
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in_data_s2:

wait_d3:

in_data32:

wait_im3:

in_imit3:

MOVWF
MOVLW
MOVWF
MOVLW
MOVWF

MOVLW
MOVWF
MOVLW
MOVWF

MOVFP
DECFSZ
GOTO

MOVLB
BSF

BTFSS
GOTO

MOVLB

MOVLW
MOVWF
MOVLW
MOVWF

MOVFP
DECFSZ
GOTO

MOVLB
MOVFP
BSF
BSF
MOVFP

BTFSS
GOTO

MOVLW
MOVWF
MOVLW
MOVWF

MOVFP
DECFSZ
GOTO
RETURN

15h
44h
15h
45h
15h

outdata
FSRO
8h
count

INDFO,12h
count,F
in_data_s2

7
10h,3

11h,0
wait_d3

7
outdata
FSRO
8h
count

12h,INDFO
count,F
in_data32

7
10h,WREG
WREG,2
WREG,3
WREG,10h

11h,0
wait_im3

8h
count
imit
FSRO

17h,INDFO
count,F
in_imit3

; UHAUManu3aumnsa AaHHbIX 8 6anT

; CTapT Npeobpa3soBaHus

; OXngaHmne oKoOH4YaHuA npeo6pasoBaH|/|ﬂ

; YTeHue gelwmndpoBaHHbIX JaHHbIX 8 6anT

, CTapT Bblpa6OTKI/1 MMUTOBCTaABKM

; OXXnJaHMe OKoHYaHUs Npeobpa3oBaHUs

: YTEHMEe MMUTOBCTaBKM 8 6anT
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Pe)xum camonpoeepku

CamonpoBepka YCTpPOMCTBA MOXET OCYLLECTBNATbCSA Mexay npeobpasoBaHUAMM
NakeToB [faHHbIX. [na ee ocywecTBneHns Hado 3anucaTb B pPeructp  ynpasneHus
ynpasnsawowee crnoso «11100000», ecnn 3aBepLleHne caMOTeCTUPOBaHUA ornpenenseTca no
npepsbiBaHnio, unmnm «11000000», ecnn 3aBeplleHWe onpegensieTcs nNo onpocy 6uta
rotoBHocTu. Pe3ynbTaT camoTectupoBaHust onpeaensetca coctosHueM 6uta «DNC_BIST»
permctpa KoHTponsa ycTpoucTtBa. Ecnv oH ycTtaHoBneH B «1», TO yCTPOWMCTBO WUCMpaBHO, B
NPOTMBHOM Ccriydae annapatypa paboTtaeT ¢ owmnbkamu.

AVnHamMMyecknn KOHTPOSb [aHHbIX B Npouecce BbIYUCIEHUM OCyLLeCTBNAeTCA
aBTOMatnyeckn. locne okoH4YaHua npouecca wudgposaHus 6ut «DNC_BIST» cogepxut
pesynbTaT QUHaMMUYECKOro KOHTpOns npouecca wndgposaHusa. Ecnn, 6ut yctaHoBneH B «1»,
TO pes3ynbTaT AMHAMUYECKOro KOHTPOMS MOMOXWUTENbHbIA, B NPOTUBHOM Cliydyae BO BpeMS
paboTbl CXeMbl Npon3oLLIa oLwmnbka.

lMopsidok 3aHeceHUs1 KOHCMaHM 3aMeHbl U KJ1l04Ya 8 coomeemcmeuu
c FTOCT P 34.11-94

B npunoxenun A TOCT P 34.11-94 npuBegeHa Tabnuua KOHCTaAHT 3aMEHbI,
cm.Tabnuua 30. lMocnegoBaTenbHOCTbL 3aHECEHMSA AaHHbIX U3 3ToW Tabnuubl B perucTp
CRPT_CR npegcrtaBnena B Tabnuua 31.

B npunoxeHun A TOCT P 34.11-94 Ha cTpaHuue 7 npuBeaEH KoY 3aMeHb!:

Kl1= 733D2C20 65686573 74746769 79676120
626E7373 20657369 326C6568 33206D54
Mopsigok 3aHeceHna atoro kntova B pernctp CRPT_KR npusegeH B Tabnuua 32.

Tao6nuua 30

Tabrnuua KOHCTaHT 3aMeHbl
8 7 6 5 4 3 2 1
0 1 D 4 6 7 5 E 4
1 F B B C D 8 B A
2 D 4 A 7 A 1 4 9
3 0 1 0 1 1 D C 2
4 5 3 7 5 0 A 6 D
5 7 F 2 F 8 3 D 8
6 A 5 1 D 9 4 F 0
7 4 9 D 8 F 2 A E
8 9 0 3 4 E E 2 6
9 2 A 6 A 4 F 3 B
10 3 E 8 9 6 C 8 1
11 E 7 5 E C 7 1 C
12 6 6 9 0 B 6 0 7
13 B 8 C 3 2 0 7 F
14 8 2 F B 5 9 5 5
15 C C E 2 3 B 9 3
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Ta6nuua 31
[MocnegoBaTenbHOCTb 3aHeceHUs aaHHbIX B pernctp CRPT CR

Homep | KoHcTtaHTa | Homep | KoHcTaHTa | HoMep | KoHcTtaHTa | Homep | KoHcTaHTa
1 O0xA4 17 0x85 33 0xC6 49 0xBD
2 0x29 18 0xD1 34 0x17 50 0x14
3 0x8D 19 0x3A 35 OxF5 51 OxF3
4 OxEO 20 0x24 36 0x8D 52 0x95
S 0xB6 21 OxFE 37 OxA4 53 OxAO0
6 0xC1 22 0x7C 38 OxE9 54 OX7E
7 OxF7 23 0x06 39 0x30 55 0x86
8 0x35 24 0xB9 40 0x2B 56 0xC2
9 OxBE 25 0xD7 41 0xB4 57 OxF1
10 0xC4 26 Ox1A 42 0x0A 58 0x0D
11 0xD6 27 0x80 43 0x27 59 0x75
12 OxAF 28 OxF9 44 0xD1 60 Ox4A
13 0x32 29 Ox4E 45 0x63 61 0x29
14 0x18 30 0xC6 46 0x58 62 OxE3
15 0x70 31 0x2B 47 0xC9 63 0xB6
16 0x95 32 0x35 48 OxEF 64 0xC8
Tabnuua 32

Mopsagok 3aHeceHnsa kntoda B pernctp CRPT KR

Homep | KoHcTtaHTa | Homep | KoHcTtaHTa | Homep | KoHcTtaHTta | HomMep | KoHcTaHTa
1 0x54 9 0x69 17 0x20 25 0x73
2 0x6D 10 0x73 18 0x61 26 0x65
3 0x20 11 0x65 19 0x67 27 0x68
4 0x33 12 0x20 20 0x79 28 0x65
5 0x68 13 0x73 21 0x69 29 0x20
6 0x65 14 0x73 22 0x67 30 0x2C
7 0x6C 15 OX6E 23 0x74 31 0x3D
8 0x32 16 0x62 24 0x74 32 0x73
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MoAaynb yHUBepcanbHOro CUHXPOHHO-aCUHXPOHHOIO
npuemMonepenaTymnka

MukpokoHTponnep coaepXuT OOVH MoAaynb CUHXPOHHO-aCUHXPOHHOIO
npuemonepenatyinka USART. YHuBepcanbHbIi CUHXPOHHO-aCUHXPOHHbLIN NpuemonepenaTynk
MOXeT paboTaTb B CnefyrLwmnx pexmma:

® ACUHXPOHHbLIN (MOMNHbIN gynnekc),

e CUHXPOHHbIN BegyLMA (MONyaynekc),

e CUHXPOHHbIN BE4OMbIN (MONyAYnneKkc).

But SPEN (RCSTA<7>) pomkeH ObITb ycTtaHoBneH, 4tobbl BbiBoAbl PA2/RX/DT wu
PA3/TX/CK ckoHUrypmpoBanucb Kak BblBOAbl MocriegoBaTensHOro uHtepdenca. Moaynb
USART ©6yget ynpaenaTtb HanpasneHnem eoiogoB PA2/RX/DT n PA3/TX/CK, B 3aBUCMMOCTH
OT cocTosiHuMs ©utoB koHdurypauum B peructpax RCSTA mn TXSTA. Cnegywowme 6utbl
KoHTponupytoT HanpaeneHue BoiBogoB: SPEN, TXEN, SREN, CREN, CSRC.

Ta6bnuua 33
Pernctp ctatyca u pexuma pabotbl nepegatynka TXSTA (agpec: 15h, 6aHk 5)

R/W-0

R/W-0

R/W-0

R/W-0

U-0

U-0

R-1

R/W-0

CSRC

TX9

TXEN

SYNC

TRMT

TX9D

outr7

6

5

4

3

2

1

out 0

our7 CSRC: BbIOOp MCTOYHMKA TAKTOBbLIX UMMYSIbCOB

CWHXPOHHbIN PEXUM:

1 = pexxum BegyLLero (BHYTPEHHNN TakTOBbIN curHan ns BRG)

0 = pexxmm BeaAoMOoro (0T BHELLHEro UCTOYHMKA TaKTOBOroO curHana)
ACNHXPOHHBIN PEXUM:

He nmeeTt 3Ha4YeHuns

ouTt 6 TX9: BbIGOp 9-T paspsagHOM Nepenayun.
1 = BblbUpaeT 9-Tn paspsaHyo nepegadvy

0 = BbibnpaeT 8-mu paspsigHyto nepegadvy

out 5 TXEN: paspelwleHune nepegaym
1 = nepefayva paspelueHa
0 = nepepnaya oTKMOYEHa

But SREN/CREN 6noknpyet TXEN B CUHXPOHHOM pexume.

out 4 SYNC: 6uT Bbibopa pexuma USART (CUHXPOHHbIN/@CUHXPOHHbIN)
1 = CMHXPOHHbIN peXnm

0 = aCMHXPOHHbIV PEXUM

our 3,2 He peanusoBaHbl, YntaroTcs Kak «0»

ouT 1 TRMT: donar 3anonHeHHOCTN CABUIOBOro perncTpa nepegarymka
(TSR)
1 = peructp nyct

0 = perucTp 3anonHeH

ont 0 TX9D: 9-n 6uT NnepepaBaeMbix AaHHbIX (MOXET MCNONb30BaTLCA A1

nporpaMMHON peannsauumn NPoBEepPKN YETHOCTH)

Ob6o3Ha4yeHus:
R = 6ut ansa yteHus; W = 6UT ¢ BO3MOXHOCTbIO 3arnuncu;
U = 6uT He peann3oBaH, YntaeTcs kak 0;
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-n = 3Ha4yeHue buta nocne c6poca MO BKIMKOYEHUIO NMNTaHUA:

1 = ycTaHoBsEeH;
0 = cOpoLueH;

X = 3Ha4yeHne He N3BeCTHO.

Taobnwuua 34

Pernctp ctatyca n pexuma pabotbl npuemHnka RCSTA (agpec: 13h, 6aHk 5)

R/W-0

R/W-0

R/W-0

R/W-0

u-0

R-0

R-0

R-0

SPEN

RX9

SREN

CREN

FERR

OERR

RX9D

our7

6

5

4

3

2

1

out 0

our7

SPEN: 6uT paspelleHnsa paboTbl nocnegoBaTenbHOro nopra
1 = koHurypupyeT PA2/RX/DT n PA3/TX/CK kak BbiIBOAbI
nocnegoBaTenbHoro nopta USART

0 = nocnegoBaTenbHbI NOPT OTKIHOYEH

out 6

RX9: BbIGop 9-T1 paspsigHoro npuema
1 = BbIGUpaeT 9-Tn paspsaHbIi Npuem
0 = BblbnpaeT 8-mu paspsiaHbIi Npuem

out 5

SREN: 61T pa3spelueHnst OAHOKpaTHOro npuema. 9T1oT 6uT paspeluaet
npuem ogHoro 6anTa n nocne ero NnpMema aBToMaTU4eCcKm
cbpacbiBaeTcs.

CWHXPOHHbIN PEXUM:

1 = paspewnTb Npmem

0 = 3anpeTnTb Nprem

MpumeyaHue: BUT UrHOpUpyeTCs B CUHXPOHHOM PEXMME BEAOMOrO.
ACHHXPOHHBIN PEXUM:

He nmeet 3HayeHus

ouTt 4

CREN: 6uT paspeLueHus NpoaoSbKMTENbHOro npuema. 1ot 6uT
paspeLuaeT HenpepbiBHbIV NPMEM NocneoBaTenbHO NepegaBaemblxX
AaHHbIX.

ACNHXPOHHBIN PEXUM:

1 = paspeluaeT HeNpepbIBHbIA NpUemM

0 = 3anpeluaeT HenpepbIBHLIV NMpuem

CWHXPOHHbIN PEXUM:

1 = paspeluaeT HenpepbIBHbIN NpueMm Ao MomeHTa cbpoca CREN
(CREN otmeHsieT SREN)

0 = oTKNHYaEeT HeNnpepbIBHbIN NPUEM

out 3

He peanusoBaHo, untaercs Kak «0»

ouTt 2

FERR: 6uT owmnbku KagpmnpoBaHus
1 = ecTb owmbka (cbpacwiBaeTcs npu YyTeHun pernctpa RCREG)
0 = HeT oWwnbKN

out 1

OERR: 6uT owmnbkn nepenosiHeHUs1 BHYTPEHHero bydepa.
1 = ecTb owmbKa (cbpacwiBaeTca npu cbpoce 6Guta CREN)
0 = HeT oWnBKN

out 0

RX9D: 9-11 6UT NpUHATBIX AaHHbBIX (MOXET UCMONb30BaTbCA OIS
nporpaMmMHoON peanunsaumm NpoBEPKM YETHOCTH)

Obo3HayeHus:

R = 6ut onga ytenus; W = 6GUT C BO3MOXHOCTbIO 3amnucH;
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U = 6uT He peanuaoBaH, YntaeTcs kak 0;

-n = 3Ha4yeHune 6uta nocne copoca No BKKYEHUIO NMUTAHWUS:
1 = ycTaHoOBnNEH,;
0 = cbpoLueH;
X = 3HA4YeHne He U3BECTHO.

Tabnwuua 35
Peructp gaHHbix npuemHnka RCREG (agpec: 14h, 6aHk 5)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DATA7 DATAG DATAS DATA4 DATA3 DATA2 DATA1 DATAO
ont 7 6 5 4 3 2 1 ont 0
our7...0 DATAY...DATAOQ: gaHHble, nonydeHHble no USART
ObosHavyeHus:
R = 6ut ang ytedus; W = 6UT ¢ BO3MOXXHOCTbIO 3arnuncu;
U = 6uT He peanuaoBaH, YntaeTcs kak 0;
-n = 3Ha4YeHne buTta nocne cbpoca no BKAYEHUIO NMNTAHUSA:
1 = ycTaHoBIEH;
0 = cbpoLueH;
X = 3Ha4YeHMe He U3BECTHO.
Tabnuua 36

Pernctp gaHHbix nepegatymka TXREG (agpec: 16h, 6aHk 5)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DATA7 DATAG DATAS DATA4 DATA3 DATA2 DATA1 DATAO
out 7 6 5 4 3 2 1 ont 0
our7...0 DATAY7...DATAOQ: naHHble, nepegaBaembie no USART

Obo3Ha4YeHus:

R = 6ut ang yteduns; W = OUT ¢ BO3MOXXHOCTbIO 3arnuncu;

U = 6uT He peanuaoBaH, YntaeTcs kak 0;

-n = 3Ha4YeHune buTta nocne cbpoca no BKAOYEHUIO NMUTAHUA:
1 = ycTaHoBIEH;
0 = cbpouueH;
X = 3Ha4YeHne He U3BECTHO.

FeHepaToOp CKOPOCTU Nepeaaym AaHHbIX

"eHepaTop ckopocTu nepedadn pfadHbix (BRG) nopaepxvBaeT aCUMHXPOHHBIA U
CUHXPOHHbIN pexxumbl USART. 3T0 oTAenbHbIn 8-Mu pa3psgHbiv Tavmep/cdeTyumnk. Ero nepmog
3apaeTcs 3HadeHnmem B pernctpe SPBRG. CkopocTb nepefaym paccuutbiBaeTca nNo
cnegywowen gopmyne:

e CKOPOCTb Nepegauv Ans acuHxpoHHoro pexuma = FC / (32*((SPBRG)+1));
e CKOpPOCTb Mepefadv Ans CUHXpoHHoro pexuma = FC / (4*((SPBRG)+1)), 3HayeHune

SPBRG ot 0 go 255.
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3anucb HoBoro 3HadeHnss B SPBRG npuBogut k cbpocy Tammepa BRG. 3710
obecneunBaeT TO, YTO reHepaTop cpasy MNEepPeEKNYaeTCsl Ha HOBYH CKOPOCTb nepeaayn.

Mocne curHana «cbpoc» pernctp SPBRG ounwaeTtca, nosToMy ero Heobxoanmmo 3arpyxartb
TpebyeMbiM 3HaYeHMeM Nocre Kaxgoro copoca.

Ta6nuua 37
Pernctp 3agaHus ckopoctu npmuema n nepegaym SPBRG (agpec: 17h, 6aHk 5)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO
ont7 6 5 4 3 2 1 out 0
onr7...0

BRG7...BRGO: gaHHble, onpegensitome cKopocTb NpMema u
nepegayun no USART

O6o3Ha4eHus:
R = 6ut ang ytedus; W = 6UT ¢ BO3MOXXHOCTbIO 3arnuncu;
U = 6uT He peanuaoBaH, YntaeTcs kak 0;

-n = 3Ha4YeHune 6uTa nocne cbpoca no BKAOYEHUIO NMUTAHUA:
1 = ycTaHoBIEH;

0 = cbpoLueH;
X = 3HAa4YeHMe He U3BECTHO.

CWHXPOHHbIN

BeayLWui/Beaomblii
CuHXp./ACUHXP.
CKI/TX CMHXP./ACUHXP. BRG
———————————————————————————————————— ! CuHXp./ACUHXP
! TaKTOBbIN
DT —|Crapt] 0] 1]- - -[ 7 [ 8 [Cron| == /16
: AA A A P —
TXREG|0|1]---|7 TXEN / 3anuce B TXREG
| TXSTA<0> MpepbisaHne
LLnHa gaHHbIX TXIE
Puc. 31 bnok-cxema nepegaryunka
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CUWHXPOHHBLIA MpepbiBaHve

0sC BRG BenyLMA/BesoMbIi
I CUHXP.JACKUHXP. ACUHXP./CUHXP.
\k RCIE
CK Pasperu.
D - foeroml
> OGHapyx.
r—|:|SPEN ! — | cTapT
RX SREN/
Bydhep cxema L men | KRR CREN/
oBHapyxeHHs \ e MSb LSb Craprogsii
Cron[8]7] ees [1]0] i
I

RX9 Jlornka
ACUHXP./CUHXP. [ l FIFO
Y A Y

FERR RX9D |7| eee |1 <
FERR RX9D |7| eee |1

RCREG
s 1

<

o|ol«

] LLInHa aaHHbIX

Puc. 32 bnok-cxema npuemHuka

ACUHXPOHHBLIN peXuUm

B atom pexume USART ucnonb3yeT ctangapTtHbi oopmaTt NRZ (oguH ctapToBbIn OUT,
BOCEMb WM  OeBATb  WHMOPMAUMOHHBLIX 6UTOB UM OAWH cTonoBbin  6UT). Cambin
pacnpoCTpaHEHHbIN PopMaT AAHHbIX — 3TO 8-My OUTHBIA. BHYTPUNPOLIECCOPHBLIN reHepaTop
CKOPOCTM nepeaydm MOXEeT UCNOoNb3oBaTbCA AN NOMyYeHUs CTaHAapTHbIX YacTOT CKOPOCTU
nepegaun. MNMpuemHnk n nepegatunk USART aBnsaoTcsa yHKUMOHANBLHO HE3aBUCUMbIMKU, HO
MCNOMb3yIT OAWHAKOBLIN (popmMaT AaHHbIX M CKOPOCTb nepepayn. [NpoBepka YETHOCTU He
noggepXmBaeTcs annapaTHbIMW CpeacTBamMu, HO MOXeT OblTb peanu3oBaHa NPoOrpammMmHO
(vcnonb3yss  geBATbiIM - GUT  AaHHbIX). Mogynb USART B aCUMHXpOHHOM  pexume
ocTtaHaBnueaeTcss BO Bpemsa SLEEP (B pexume oxmgaHus). ACMHXPOHHBIN  PEXUM
BblbMpaeTcs copocom Buta SYNC (TXSTA<4>).

Mogynbs USART B aCMHXPOHHOM PEXUME COCTOUT U3 CreayoLwmx KOMMNOHEHTOB:
reHepaTop CKOpPOCTY nepeaadu.
cxema BblbopKM.
ACVHXPOHHbIN NPUEMHUK.
ACMHXPOHHbLIN NepeaaTyuk.

ACUHXPOHHBLIU nepedamyuk

Bnok-cxema nepegartyvka npeacraBrieHa Ha
Puc. 31. OcHoBOM NepefaTymnka aBnaeTcs caBurosbin pernctp nepegaym (TSR). OH nonyyaet
nHpopmauuio n3 Bycepa nepepatunka TXREG. B 6ydep TXREG paHHble 3arpyxaroTcs
nporpammHo. CasuroBbi pernctp TSR 3arpyxaeTcs HoBbIMM AaHHbIMKU U3 TXREG (ecnn oHu
€CTb) KaK TOMbKO nepeaacTtcsl CTONOBbIN 6UT NpeablayLien NOCbINKA OaHHbIX. OTO NPOUCXoANT
B nocnegHem komaHgHom umkne nepuoga BRG. lMpu atom yctaHaBnuBaeTcs donar 3anpoca
npepbiBaHna TXIF uHavumpytowmn, yto TXREG nyct. 31O npepbiBaHne MOXeET ObiTb
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paspeLleHo Unu 3anpeLieHo COOTBETCTBEHHO YCTaHOBKOWM unm cbpocom 6Guta TXIE. ®dnar
3anpoca npepbiBaHua TXIF ycTaHaBnmMBaeTca He3aBUCMMO OT 3HadyeHust TXIE. OH He moxeT
ObITb cOpoLieH nporpammHo. dnar copacbiBaeTca annapaTHO NpU 3arpy3ke HOBbIX AaHHbIX B
TXREG. but TRMT (TXSTA<1>) uHanuupyet coctosHue casurosoro peructpa TSR. but
ycTaHaBnuBaetcs, korga TSR nyct. TRMT pocTtyneH TOMbKO ONA YTEHUA U HE MOXeT
BbI3blBaTb NpepbiBaHus. Pernctp TSR He oTobpaxaeTca B NaMATU JaHHbIX, T.e. He JOCTyrneH
ANsa YyTeHusa/3anucu.

Mepenava paspeluaetcs, korga yctaHasnmeaetca out TXEN (TXSTA<5>). daktmnyecku
nepegava He Ha4yHETCs: Noka AaHHble He 6yayT 3arpyxeHbl B TXREG n reHepatop ckopocTu
nepegaym He BblAacT CABUIOBbIM cuHXpoumnynbe (cMm. Puc. 33). lNepepady Takke MOXHO
HayaTb cHadana 3arpy3nB TXREG, a notom yctaHoBmB 6uT TXEN. O6GbI4HO, ecnn nepegava
HaunHaeTcss B nepBbld pa3, TSR nyct, noatomy 3anucb faHHblx B TXREG noenever
HemensieHHyto ux nepepgadvy B TSR, ocBobogme TXREG. MoaToMy BO3MOXHa HepaspbliBHaAsA
nocnegoBaTenbHas nepegadva (cm. Puc. 34). Copoc TXEN BO Bpems nepenayn BbI3OBET
OTMEHY nepeaayun, copoc nepegaryuka.

[nsa sbibopa 9-Tn 6GutHoM nepegayn, 6mt TX9 (TXSTA<6>) gomkeH ObITb YCTAHOBIEH B
eanHuuy. [essatoe 3HavyeHne 6uta 3anucbiBaeTcs B TX9D (TXSTA<0>) nepepq 3anucbto 8-mu
OuTHbIX gaHHbIX B TXREG, Tak kak 3anucb AaHHbiX B TXREG mMoXeT BbidBaTb HEMEANEHHYIO
nepegavy gaHHbix B TSR (ecnu TSR nycr).

LLlarn ons HaCTpoOnKM aCUHXPOHHOW Nepefayn cnegyrowme:

1. 3anucatb 3Ha4deHue B pernctp SPBRG ans 3agaHnsa ckopocTu nepegayu;
2. BKknounTb acMHXPOHHBLIM nocnegoBaTenbHbIn NopT (6ut SYNC=0 n 6ut SPEN=1);
3. Ecnun tpebytotca npepbiBaHus, Torga yctaHosute 6mut TXIE;
4. Ecnu TpebyeTtcsa 9-Tn buTHas nepenavda, Torga ycraHosute o6ut TX9;
5. Ecnu BbibpaHa 9-Tn butHasa nepegada, AeBATbIM OUT JomKeH ObiTb 3arpyxeH B TX9D;
6. 3arpyaute aaHHble B pernctp TXREG;
7. 3anyctute nepepady ycraHoskon 6uta TXEN.
3anuch [ (C
B8 TXREG GaiT 1 JJ
Buixon BRG | L. [ I §0 1 L 1 L
(caBUraloLLin | ) < h |
curHan) | ' | 1
X ' : I
(ebiBoa TX/CK) " N__Crapr <_Bur0 X_Bur1 X_ ¢ X Bur7/8,/ Cron |
L Gaiit 1 + »!
But ! (( I
TXIF |] 77 :
But Gai 1 :
TRMT—| CABMI NepefatoLlero permctpa ——p Cc
27
Puc. 33 AcuHxpoHHas nepefava
3anuce Il 1 cC
B TXREG BanT 1 Gant 2 JJ
B BRG
(C::;gmm_ﬁl 1 E ] I 1 ) S ] [ 1 I 1 [ I
curHan) 1
(swis0p TXICK) | Crapt <__But 0 Bur1 x_ ¢ X Bur7/8 Cron Crapt BuT 0
Byt < Gairt 1 » | €——6GairT 2
TXIF 1] \ (C |
2J
But BanT 1 Baur 2
TRMT—‘ CABWI NepeaaroLLero pernctpa ————» C
JJ

Puc. 34 AcuHxXpOHHas Hepa3spbiBHAs nocrnegoBaTternbHas nepegaya
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ACUHXPOHHbIU NPUEeMHUK

Bnok-cxema npuemHmnka nokasaHa Ha
Puc. 32. [daHHble ¢ BbiBoga PA2/RX/DT nopatotcss B 610K BOCCTAHOBMNEHUS OaHHbIX. OTO
BbICOKOCKOPOCTHOMW CABUIOBbIA perncTp, paboTarowmnn Ha vyactote B 16 pas Bbille CKOPOCTU
nepegayu, B TO BpeMS Kak OCHOBHOW CABUIOBbIN PErUCTp NPUHUMaeEMbIX AaHHbIX paboTaeT co
CKOPOCTbIO Nepenayu.

Ecnn BbIbpaH aCMHXPOHHLIN PEeXnM, TO NPUEMHUMK BKNoYaeTcs yctaHoBkon 6uta CREN
(RCSTA<4>).

OcHoBoln npueMHuKa siBnsieTca casuroBbin permctp npuema (RSR). MNocne 3axeBata
cTtonoBoro 6uta, npuHaTble AaHHble n3 RSR nepepatotcs B RCREG (ecnn oH nycT), nocne
yero ycTaHaBnuBaeTca nar 3anpoca npepbiBaHus RCIF. [MpepbiBaHne MOXeT ObiTb
paspeLleHo unuM 3anpeLweHo COOTBETCTBEHHO ycTaHoBkou unn cbpocom outa RCIE. RCIF
AOCTYNeH TONbKO ANs YTeHUs, OH cOpacbiBaeTCca annapaTHO, Koraa CYMTbIBAOTCA AaHHble U3
RCREG u pernctp nyct. Pernctp RCREG umeeT aBouvHyto Oydepusaumio, T.e. MOXHO
npuHATL ABa GanTta gaHHbix B RCREG FIFO u Tpetnin 6ant HavaTb npuHumatb B RSR. Mpu
obHapyxeHun cTtonoBoro 6uta TpeTbero GanTta, ecnm RCREG no-npexHeMy He cuyuTaH,
ycTaHaBnmBaeTca 6ut ownbkn nepenonHeHmss npuemHuka OERR (RCSTA<1>). [JaHHble B
RSR 6yayt notepsiHbl. Ons nssneyeHus asyx 6ant RCREG pgomkeH cunTbiBaTbCA ABaXAbl.
But OERR pomkeH ObiTb ouMweH nporpammHO cbpocom npuema (copocom Guta CREN).
Moka 6ut OERR ycTaHoBreH, npuemMHuK He paboTtaet. ®nar owmnbkm kagpupoBaHna FERR
(RCSTA<2>) ycTtaHaBnMBaeTCs, €CNM HEBO3MOXHO OOHapyxunTb cTonoBbin 6ut. ®nar FERR 1
AeBATbIN BUT JaHHbIX BydepusyloTcs TakKe Kak U NpUHATbIE AaHHble. [1oaTomy Heobxoanmo
cumtatb pernctp RCSTA nepen cumtbiBaHnem RCREG, 4to6bl HE MNOTEPATb NPEXHION
nHdpopmauuio FERR n RX9D.

HaHHble ¢ BbiBoga PA2/RX/DT ckaHMpyltoTCs, TpM pas3a B KaXOoM TakTe npuema,
MaXopuTapHOM CXeMon OOHapyXeHusl, ONA BbISBNIEHUS YPOBHS CuUrHana Ha BblBOAE
PA2/RX/DT. CkaHupoBaHWEe OCYLLECTBNSIETCA Ha CEeAbMOM, BOCbMOM M OEBATOM 3adHEM
dpoHTe (cnage) wvmnynbcoB 4actoToM B 16 pa3 npesblwarwen 4Yactoty npuema (Cm.
Puc. 35).

(BuBcEXRX/DT) \ CraproBbiil 6UT / But 0

Tt Tt T T T T T r T | <—— CLK ans Bcex GuT, Kpome cTapToBoro 6uta
CLK ! ! |

1 2 3 4 5 6 7 8 9 10 1M 12 13 14 15 16 1 2

CKaHupoBaHue

Puc. 35 Cxema ckaHmpoBaHus BbiBoga PA2/RX/DT

(auaoRgXRX/DT) \ CrapToBblil 61T

x16 CLK ‘\nepabm dpoHT curHana x16 CLK, nocne

nosiBneHns Ha BbiBoge RX HU3Koro YPOBHSA

Q2, Q4

'T\cwmblaaﬂwe HWU3KOro ypoBHs Ha RX

Puc. 36 O6HapyxeHune ctapToBoro buta
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Llarn ons HacTpomKn aCMHXPOHHOrO Npuema creaytoLue:

1. 3anucatb 3HadeHue B pernctp SPBRG gns 3agaHus ckopocTu npuema;

2. BKnounTb acCMHXPOHHBIV nocreaoBaTtenbHbi NopT (6ut SYNC=0 n 6ut SPEN=1);

3. Ecnu TpebytoTtcs npepbiBaHus, Toraa ycraHosute 6ut RCIE;

4. Ecnu TpebyeTtcsa 9-Tn GUTHBINM Npuem, Torga yctaHosute 6ut RX9;

5. PaspewwnTte npuem yctaHoBkon 6uta CREN;

6. lNpu 3aBepweHun npuema yctaHosutca 6ut RCIF, 1 nponsongeT npepbiBaHne (ecnu
yctaHoBneH 6ut RCIE);

7. Cuntante RCSTA pgns nonydeHus 3HavyeHusa paesdatoro 6uta (ana 9-tm GuTHOro

npuema) n 6ut FERR ansa onpeaenennsa ownbku;
8. Cuutante 8-Mn BUTHbIE NPUHATLIE AaHHbIE U3 pernctpa RCREG;
9. Ecnu npousowna owmnbka nepenonHeHnsa - copocbte 6UT OERR.
[na oTmeHbl npuema, cbpocbte nmbo 6utel SREN 1 CREN, nn6o 6ut SPEN. 3T0
cbpocuT NOrnky Npuema, Ho He U3MEHUT HaCTPOWMKN.

CUHXPOHHbIN BeayLUMA PeXum

B cMHXpOHHOM BeayLleM pexnme JaHHble nepeaarTca nonyayninekCHeIM cnocobom, To
ecTb MpMeM UK nepegadya MNpPOUCXOOAT He OLHOBPEMEHHO: Mpu nepedade LaHHbIX MNpUeM
3anpellieH, n HaobopoT. CUMHXPOHHLIM pPexXuMm BKNoYaeTcss npu ycrtaHoBke 6uta SYNC
(TXSTA<4>). but SPEN (RCSTA<7>) ycTtaHaBnmBaeTcsl, YTOBbl CKOH(pUIypMpOBaTb BbIBOAbI:
PA3/TX/CK - nuHusa TaktoBbix nMmnynbcoB n PA2/RX/DT - nuHua gaHHbiX. Begywmn pexum
O3HayvaeT, YTo npoueccop opmMupyeT TakToBble UMMyNbCbl Ha NuHMKM PA3/TX/CK. Begywmi
pexum Bblbupaetcs yctaHoBkon 6uta CSRC (TXSTA<7>).

Q1|Q2|Q3|Q4| Q1|Q2|Q3|Q4| Q1|Q2|Q3|Q4| Q1|Q2|Q3|Q4| Q1|Q2|Q3|Q4| Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4| Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4| Q1|Q2|Q3|Q4| Q1|Q2|Q3|Q4| Q1|Q2|Q3|Q4|
[

X;EVITO X;smﬂ X;5m72 )SD( :sm7 X ;smo X ;EMT1 Xismz XjDC:':

DT

T

(8b1BOA RX/DT) ! l——L—oair 1! ; >« GanT 2 L L »
(BbIBO,qC:SX/CK) E J E I ! E l l E l I_SS_I E I_I E l | E l | E l I_S S—‘ E I—

3anuch 1 : 1 : (C ! : : : (C :

8 TXREG  sanucs Gaitra 1 I 3anuch Gaitta 2 1 )J 1 1 ! ! JJ !

- b : | | : | : | cc

TXIF L ] T | ! 5 5 ! [T T . JJ .
TRMT | | E i i (C | : ! : q¢ | r

T T T T T T

S I S S S S N N S (G

Puc. 37 CyHxpoHHas nepegaya B BeAyLLEM pexXmme

lMepedaya 0aHHbIX 8 CUHXPOHHOM 8edyW,eM pexume

brnok-cxema nepepatymka nokasaHa Ha Puc. 29. OcHoBon nepegaTtynka SIBMsiE€TCS
caBurosbli pernctp nepegavm (TSR). CosuroBbin permctp nonydaeTt AaHHble u3 Bydepa
nepegatumka TXREG. [aHHble 3arpyxatotca B TXREG nporpammHo. [locne nepepayn
nocnegHero 6uta npeabigywen nocbinkn, TSR 3arpyxaeTtca HoBbIMM AaHHbIMUM 13 TXREG
(ecnv oHM ecTb). DTO NpoucxoauT B NocriegHeM KoMaHgHoM umkne nepuoga BRG. Mpu atom
ycTaHaBnmBaeTcsa pnar 3anpoca npepbiBaHna TXIF nHguumpyowmn, 4to TXREG nyct. 310
npepbiBaHne MoxeT OblTb paspelleHO unM 3anpeLieHo COOTBETCTBEHHO YCTaHOBKOW WNn
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cbpocom 6uta TXIE. ®nar 3anpoca npepbiBaHua TXIF yctaHaBnuBaeTcss He3aBUCMMO OT
3HayeHus TXIE. OH He moxeT 6bITb cOpoleH nporpammHo. dnar cbpackiBaeTca annapaTHO
npu 3arpyske HoBbiXx AaHHbIX B TXREG. but TRMT (TXSTA<1>) vHanumpyeT coCTOosiHMe
casurosoro peructpa TSR. but yctaHaesnmBaetca korga TSR nyct. TRMT gocTtyneH Tonbko
AN YTEHUS N HEe MOXET Bbi3blBaTb npepbiBaHnda. Permctp TSR He oTtobpaxaetca B namsaTu
AaHHbIX, T.€. HE AOCTYNeH ANa YTeHus/3anucu.

Mepepava paspelwaetcs, npu yctaHoBke ©Outa TXEN (TXSTA<S5>). daktunyecku
nepefaya He HadyHeTCs, NOKa AaHHble He ByayT 3arpyxeHbl B TXREG. lNMepBbii BUT AaHHbIX
NnosBUTCA Ha NepBOM rnepeaHeM PpoHTe TakToBbIX MMNYNbCcoB ¢ BbiBoaa PA3/TX/CK. daHHble
CTabunmanpyrTca K 3agHeMy OPOHTY TakToBbIX MMNynbcoB (cMm. Puc. 37). MNMepenayvy Ttakke
MOXHO Ha4yaTb cHavana 3arpy3mB TXREG, a notom yctaHosuB 6ut TXEN. 310 yoobHo, korga
BblbpaHbl HM3KME ckopocTu nepenaydn. eHepatop BRG octaHosneH, korga 6mutbl TXEN,
CREN, SREN cbpouweHbl. YctaHoBka 6uta TXEN 3anyctut reHepatop BRG, koTopbi cpasy
Xe BblOacT cOBUroBble TakToBble UMNynbcbl. OBbIMHO, NpY NEepBOM paspeLleHun nepegayu
pernctp TSR nyct, noatomy 3anucaHHble B TXREG pgaHHble 6yayT cpasy nepefadbl B TSR,
onyctowaa TXREG. T[loatomy BO3MOXHa HepaspbiBHasi nocnefoBaTtenbHas nepegava
AaHHbIX. Copoc TXEN Bo Bpemsi nepedaydn BbI30OBET OTMEHY nepeaayu, cbpoc nepegaryuka.
Ecnn Bo Bpema nepepaun 6yayt yctaHoBneHol 6utbl CREN n SREN, nepepada Oygert
oTMeHeHa, n BbiBog PA2/RX/DT BepHeTcss B TpeTbe cocTosiHMe (ons npuema). Bbisoa
PA3/TX/CK ocTtaHeTca BbIxogoMm, ecnu yctaHoBneH out CSRC (BHYTPEHHUN MCTOYHUK
TakToBbIX MMNynbcoB oT BRG). Jlormka nepepatyuka He cbpacbiBaeTcs. UTobbl cOpocuTb
nepegjatymk - Heobxoaumo cbpocutb 6ut TXEN. Ecnn 6ut SREN yctaHoBneH pgns
npepbIBaHNA OCYLLECTBNAEMON nepegaym u nonyyeHus ogHoro 6amnta, TO nocne nonyyYeHus
ogHoro 6anta SREN cbpocutca 1 nocnegoBaTenbHbIN NOPT CHOBA BEPHETCS K Nepeaaye, Tak
kak 6ut TXEN no npexHemy yctaHoBneH. JluHua DT cpasy xe OyaeT nepekntodeHa u3
TPETbEro COCTOSIHMSA B pexnm Bbixoga. [1ns nsberanunsa atoro, TXEN gomkeH GbiTb COpOLLEH.

YToObLlI BbLIOpaTh 9-TM OUTHYO nepepadvy, HeobxoguMmo YycTaHOBUTL 6uT  TX9
(TXSTA<6>). Odeatbin 6ut gomkeH 3anucbiBatbcsa (B TX9D (TXSTA<0>)) oo 3anucu 8-mu
OuTHbIX aaHHbIX B TXREG, Tak kak 3anucb AaHHbiX B TXREG MoxeT BbidBaTb HEMEANEHHYIO
nepenayy gaHHbix B TSR (ecnn TSR nycr).

Llarn gnst HacTporku nepegayvm B CUHXPOHHOM BefyLLEM peXxume:

1. 3anucatb 3HadeHune B permctp SPBRG gns 3agaHus ckopocTu nepegayu.

2. BKNO4YNTb CUMHXPOHHLIN NocregoBaTenbHbIM NOPT B Begywwem pexnme (butsl SYNC=1,
SPEN=1 n CSRC=1).
Mpoeputb 4TO BUTEI CREN 1 SREN cbpolueHbl, ecnun 3T 6uTbl YCTaHOBMEHbI, TO OHU
OTMEHSAIOT nepeaadvy.
Ecnu TpebytoTcsa npepbiBaHus, Toraa ycraHosute 6ut TXIE.
Ecnn TpebyeTtca 9-tn GuTHas nepegava, Torga ycraHosute o6mt TX9.
Ecnu BbibpaHa 9-Tn BuTHasa nepepgava, AeBATbii GUT JOMmKeH ObiTb 3arpyxeH B TX9D.
3arpysuTte gaHHble B pernctp TXREG.
3anyctute nepegavy ycrtaHoskorn 6uta TXEN.
[Ana otmeHbl nepegayn Heobxoammo copocutb 6UT SPEN unn 6ut TXEN. 310 cbpocut
NOrvKy nepefayn, Ho COXpaHUT HAaCTPOWKK, Korga nepegadya BO306HOBUTCS.

w

© N OA

lMpuem GaHHBLIX 8 CUHXPOHHOM eedyweM pexume

Ecnn BbibpaH CUHXPOHHLIM pexum, NpuemM paspellaetcs yctaHoBkon ©uta SREN
(RCSTA<5>) unu 6uta CREN (RCSTA<4>). flaHHble ¢ BbiBoga PA2/RX/DT onpalumBatoTcs
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Ha 3agHeM bpoHTe (cnage) TakToBbIX MMnynscoB. Ecnn yctaHosneH SREN, To npuHumaeTcs
Tonbko oamH 6ant. Ecnun yctaHoBneH CREN, 1o npmem npopomkaetca noka CREN He
cbpocutca. Ecnm yctaHoBneHol oba 6uta, To CREN wumeet npuoputet. ocne npuema
nocnegHero 6uta nonyyeHHble AaHHbIE N3 caBUroBoro pernctpa npmema (RSR) nepepatotca B
RCREG (ecnu oH nycT), n yctaHasnmBaetcsa donar 3anpoca npepoisaHna RCIF. NpepbiBaHve
MOXeT ObiTb paspeLlleHO MM 3anpeLleHo COOTBETCTBEHHO YCTaHOBKOM wunum cbpocom GuTa
RCIE. RCIF pocTtyneH Tonbko Ans 4TeHus, u cbpacbiBaetca annapatHo, korga RCREG
CYUTaH un NycrT.

Pernctp RCREG wumeet gsowiHyto Oydepmsaumio, T.e. MOXHO NPUHATbL ABa GawnTa
AaHHbiX B RCREG FIFO un tpetun 6ant HavaTb npuHnmate B RSR. Mpu npueme nocnegHero
6uta Tpetbero 6anTa, ecnn RCREG no-npexHeMy He cuuTaH, ycTaHaBnueaeTcs 6uT owmbku
nepenonHerHns npuemHmka OERR (RCSTA<1>). [daHHble B RSR 6yayt notepsHbl. [Onsd
nssnedeHuns apyx 6amt RCREG pomxkeH cuutbiBaTbea ABaxabl. but OERR pgomkeH 6bITb
ouuLleH nporpammHo cbpocom npuema (copocom 6muta CREN). MNoka 6ut OERR ycTtaHoBnEH,
npueMHuK He paboTtaeT. [leBaTbin 6UT faHHbIX ByhepnadyeTca Takke Kak N NPUHATbIE AaHHbIE.
Moatomy Heobxoammo cumtatb pernctp RCSTA nepen cuutbiBaHneM RCREG, 4ToOblI He
noTepsaTb NpexHee 3HadeHne RX9D.

LWarn ana HacTpownku npuemMa B CUHXPOHHOM BeyLLEM peXUMe:

1. 3anucatb 3Ha4veHue B pernctp SPBRG gna 3agaHus ckopocTn npuema;
2. BKNOYNTb CMHXPOHHbLIN NocregoBaTenbHbIN NOPT B BeayLlem pexnme (butoel SYNC=1,

SPEN=1 n CSRC=1);

3. Ecnun tpebytotca npepbiBanus, Torga yctaHosute 6ut RCIE;

4. Ecnu TpebyeTtcsa 9-Tn BUTHBIM Npuem, Torga yctaHosute 6ut RX9;

5. Ecnn Tpebyetca npuem eauHudHoro GawTta yctaHoBute Out  SREN, gnsa
npogomKuTeneHoro npmuema ycraHosute 6ut CREN;

6. lNpu 3aBepweHun npuema ycrtaHosutcs 6ut RCIF, 1 nponsongeT npepbiBaHne (ecnu
yctaHoBneH 6ut RCIE);

7. Cuntante RCSTA pgns nonydeHus 3HaveHua pesdatoro 6uta (ansa 9-tm GuTHOro
npuema) n 6ut onpegeneHnsa owmnbku;

8. Cuwutante 8-mMn GUTHbIE NPUHATLIE AaHHbIE U3 pernctpa RCREG;

9. Ecnu npousowna owmnbka nepenonHeHnsa - copocbte 6UT OERR.

Ana oTmeHbl npuema, cbpocbte nmMbo 6mutel SREN n CREN, nn6o 6ut SPEN. 3710
cbpocuT NOrnky Npuema, Ho He U3MEHUT HAaCTPOWMKN.

Q1|Q2|Q3|Q4{Q1|Q2]QS|Q4|Q1|Q2|03|Q4|Q1|Q2|Q3|Q4|_Q1|02|QS|Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|04|Q1|Q2|Q3|Q4{Q1|Q2|Q3|Q4]Q1|Q2|Q3|Q4|Q1|Q2|Q3|le
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Puc. 38 CUHXPOHHbIN Npuem
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CMHXPOHHbLIN BeAOMbIN PEXUM

CVHXPOHHbI BEOOMbIN PEXUM OTNIMYAETCA OT BeAyLLEero TeM, YTO TakTOBblE€ UMMYbChb
nodatTCa OT BHELIHEro MCTOYHMKA. OTO NO3BOMSET YCTPOWCTBY MepedaBaTb UMW nonyyatb
AaHHble B pexxume SLEEP. Begombin pexnm Bkntovaetcsa copocom 6uta CSRC (TXSTA<T7>).

lMepedaya 0aHHbIX 8 CUHXPOHHOM 8€Q0OMOM peXxume

PaboTta Beaywiero n BegOMOrO PEXMMOB MAEHTUMYHA, 3a WUCKNoYeHMeM paboTbl B
pexvuve SLEEP. Ecnn 2 6Ganta 3anucbiBatotca B TXREG u 3atem ucnonHaetTcs komaHaa
SLEEP, 10 npousonget cneagywouwee. lNepBbin 6anTt cpasy nepeHocutca B TSR un byger
nepegaBaTtbCsl NO TaKTOBbIM MMmnyrbcam. Btopon 6ant octaHetcs B TXREG. ®nar TXIF He
Oypet yctaHoBneH. Korga 3akoHuuTcs nepefada nepsoro 6anTta, BTOpoM Gant Gyaer
nepeHeceH n3 TXREG B TSR n yctaHosutcs cdonar TXIF. Ecnu TXIE=1, npepbiBaHne BbIBEOET
yun n3 pexuma SLEEP, n ecnn paspelweHo nepuepuinHoe npepbiBaHne, Torga nporpamma
nepexoauT K BekTopy npepbiBaHus (0020h).

LLlarn ans HacTpovku nepegadn B CUHXPOHHOM BEAOMOM pPEXUME:

3anucaTtb 3Ha4yeHune B pernctp SPBRG ans 3agaHuna ckopocTu nepegayn.

BKNOUMTb CMHXPOHHBIN NOcreaoBaTeNbHbIN NOPT B BeAOMOM pexume (6utel SYNC=1,
SPEN=1 n CSRC=0).

C6pocutb 6ut CREN.

Ecnu TpebytoTcsa npepbiBaHus, Toraa ycraHosute 6ut TXIE.

Ecnun TpebyeTtca 9-tn GuTHas nepegavda, Torga ycraHosute o6mut TX9.

Ecnu BblbpaHa 9-Tn BuTHasa nepepava, AeBATbii GUT JOMmKeH ObiTh 3arpyxeH B TX9D.
3arpyaute agaHHble B pernctp TXREG.

3anyctute nepenadvy yctaHoskon outa TXEN.

[na otmeHbl nepegayn Heobxoammo copocutb 6MT SPEN unn 6ut TXEN. 310 cbpocut
NOrvKy nepefayn, Ho COXpaHUT HAaCTPOWMKK, Korga nepegaya BO30OHOBUTCS.

N =

©NOOAW

Mpuem GaHHbLIX 8 CUHXPOHHOM 6€G0MOM pPeXxume

Pabota Beaywero M BeOAOMOro PEXUMOB MAEHTUYHA, 3a UCKM4YeHWeM paboTbl B
pexxume SLEEP. Takke 6e3pas3nuyHo 3HaveHne 6uta SREN.

Ecnn npuem paspeweH (CREN=1) go komaHnabl SLEEP, 10 paHHble moryT ObiTb
nonyyeHol B pexume SLEEP. lMpn 3aBepweHun npuema, gaHHble M3 RSR nepepatotcsa B
RCREG wn ycraHaBnuBaeTtca dnar 3anpoca npepbiBaHna RCIF, a ecnn out RCIE=1
npepbiBaHne BbiBegetr umn u3 pexuma SLEEP. Ecnn  paspeweHo nepudepuiiHoe
npepbiBaHne, NnporpaMmma nepengeT Kk Bektopy npepbiBaHnd (0020h).

LLlarn gnst HacTpPorKkn Nnpuema B CUHXPOHHOM BELOMOM pPEXUME:

1. 3anucatb 3HayeHue B pernctp SPBRG gns 3agaHmsa ckopocTu npuema;
2. BKNOYNTb CUHXPOHHLIM NocnefoBaTenbHbIA NOPT B BeAoOMOM pexume (butel SYNC=1,

SPEN=1 n CSRC=0);

3. Ecnun tpebytotcsa npepbiBaHus, Torga yctaHosute 6ut RCIE;
4. Ecnu Tpebyetca 9-Tn GUTHbIM Npuem, Toraa yctaHosuTte 6ut RX9;
5. [nsa paspelweHuns npmema yctaHosute out CREN;
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6. lMpwn 3aBepweHnn npuema ycrtaHosutca 6ut RCIF, n npomnsonget npepbiBaHme (ecnu
yctaHoBneH 6ut RCIE);

7. Cuntante RCSTA ana nonydyeHus 3HaveHus pgesdtoro 6uta (ans 9-tu 6utHoro
npuema) n 6ut onpegeneHnsa owmnbKu;

8. Cuutante 8-mun GUTHbIE NpUHATLIE AaHHbIE U3 perncTtpa RCREG;

9. Ecnu npousowna owmnbka nepenonHeHns, copocbte 6MT OERR.
[Ansa oTmeHbl Nnpuema, cbpocbte nnbo 6ut CREN, nnbo 6ut SPEN. 310 cbpocut noruky

npuema, Ho He U3MEHUT HaCTPOWKM.
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bnok BHyTpeHHen EEPROM namsaTtn gaHHbIX

C1pykTypHaga cxema opraHmnsauun EEPROM namaTtn npeacraeneHa Ha
Puc. 39. MukpokoHTponnep cogepxmut 6nok BHyTpeHHen EEPROM namstv gaHHbix o6 bemom
256 8-mu paspsagHbix crno (6ant). EEPROM namate umeeTt opraHu3dauuio 16 ctpok no 16
6anT. MMHMManbHO OOCTYMHbIM ANS YTEHUs U 3anucu aBndetca oguH 6ant. MuHumManbHO
AOCTYMHOW ANs CTUpaHusa sBRAsieTcs oaHa cTtpoka (16 6awnT). lNMepen 3anucbio Heobxoammo
NpOBECTU CTUpaHWe CTPOK, B KOTOPbIX OyaeT pacnonoxeHa 3anucbiBaemasa MHopmaums.
3anncb BO3MOXHa TONbKO «1» noBepx «0». B cTepTOM COCTOAHUM NamMsiTb coaepxuT Bce «0».

EEPROM namsaTb cogepXmnt MexaHu3mMbl annapaTtHOW 3awuTbl OT 3arnMcu U CTUpaHus.
Ana ynpaBneHnsa BKAOYEHUMEM/BLIKIIOYEHMEM annapaTHOM 3aluTbl  CAYXWAT NfaBkKas
nepemMblyka. Y MuUKpokoHTponnepa 1886BE3 nnaBkas nepemMblyka nepexckeHa 1 annapaTHyro
3aLlnNTy OTKITIOUUTL Hernb3sd. Y MUKPOKOHTponsnepa 1886BE31 annapaTtHyk 3awuTy MOXHO
OTKIMOYMTb, T.K. MNNaBKagd nepemMblyka He nepexokeHa. [Ona  OTKAYEeHUs  3awuThbl
MuKpokoHTponnep 1886BE31 Heobxoanmo nepesectn B TEST pexunm, unm nogatb Ha BbiBOA
TEST eanHuuy B HOpManbHOM pexume paboThbl.

dnarn 3awmTbl OT 3anMcn U CTUPaHUSA YCTaHaBNMBAIOTCH OIS CTPOK. 15 CTPOKY namaTu
(agpec cTtpokn OFh) pekomeHgyeTcsa ucnosib3oBaTb AN OOHOKPATHO 3anMcbiBaeMou
MHdopMauumn. ITo 0OBLACHAETCA TEM, YTO Npu cTupaHum 15 ctpoku, 6yayT cobpolweHbl GuTtobl
3aWmThl OT CTUPaHUS 1 3anucu Ang pyrnx CTPoK, a Takke TeM, YTO Npu YCTaHOBKE 3alLnTbl OT
CTUpaHUA N 3anucm Ha 15 CTPOKy, MoAMMUUMPOBATL ee 3HayeHue OyaeT HEBO3MOXHbIM.
Bantbl ¢ agpecamu OXFEh n OxFFh (16 6uT) BbligeneHbl AnNa XpaHeHus naros 3alinTbl OT
3anucn (WP(15:8) 1 WP(7:0)). bantbl ¢ agpecamn OxFCh n OxFDh (16 6uT) BblgeneHsl ans
XpaHeHus dnaroB 3awmnTbl oT ctupaHusa (EP(15:8) n EP(7:0)). bantel ¢ agpecamun 0xFOh no
OxFBh (Bcero 96 6uT) ons uHdopmaumm nonb3oBatens (PEKOMEHOYTCA ANsi OAHOKPaTHOM
3anucu, Hanpumep: cepunHbli HoMmep). MNocne yctaHoBKK ¢bnara 3awmTbl OT CTUpaHus ans 15
CTPOKW, yCTaHOBKa OWTOB 3awmTbl OT 3anuUCM U CTUPAHUHA, MOXET MNPOBOAUTCHA TOJSIbKO
OOHOKpaTHO. YcTaHoBKa 6uTa 3awmTbl OT 3anucu gnsa 15 cTpoku OGonblle He no3BONUT
yCTaHaBnmMBaTb GUTbI 3aWMTbl OT CTUPAHWUS UK 3anucy Ansa opyrux CTPoK.

Mpn nepexoge B SLEEP pexum 650k KOHTponnepa [OMmKeH ObiTb MporpamMMHbIM
obpasom BbikntoyeH Ans obecneyeHus aHeprocbeperatowero pexumma. locne Bbixoga u3
SLEEP pexuma 6nok gormkeH BKYaTbCS 3aHOBO.

Mocne BbLINOMHEHMS Kaxgow onepauuun, kKoHTpornep EEPROM pgomkeH 6biTb
nepesefeH B pexum pabotol "HeT" - EEPROM_MODE<2..0>=000.

cThoka 0 Ox00 o000 xaF

cTpoka 1 Ox10 ooo 0x1F

cTpoka 2 Ox20 ooo 0x2F
ooo oo

cTpoka 15 0xFO | | | oo | | | | | 0xFF

Puc. 39 CtpykTypHaga cxema opraHmnsauun EEPROM namatn
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Onepauuu, BbINOMHAEMbIE KOHTpOSNepom BHyTpeHHen EEPROM namsaTtu:

e 3anucb 8-mu paspsagHoro cnosa (6amta) B EEPROM - nossondetr 3anucatb
3afaHHbIn 6anT. 3annucb BO3MOXHA TOMBbKO B HE3alUMLLEHHYK OT 3anucu CTpoky. Ons
MuKpokoHTponnepa 1886BE31 B TEST pexume 3anucb BO3MOXHA HE3aBUCMMO OT
COCTOSHMSI OMTOB 3alUMThbl OT 3anucu. 3anucb BUTOB NaMATU NPOM3BOAUTCSA TOSbKO U3
COCTOSIHUSI JIOTMYECKOro Hynsa B forvyeckylo eauHuuy. [na nepeBoga siyeek U3
COCTOSHUSI €AMHMLbI B HOMNb HEOBX0ANMMO MCMOMb30BaTh ONepauunio CTMpaHus;

e yTeHue 8-mum paspsgHoro cnoBa (6awta) msa EEPROM - nosBonser cuutaTb
3agaHHbIn 6anTt ns EEPROM namsaTy;

e ctupaHue Bcen EEPROM namsatu - nossonseTr ctepetb Becb ob6bem EEPROM
namsatn. Onepauusi OOCTyNHaA TONMbKO Ans MUKpoKoHTponnepa 1886BE31 B TEST
pexumve;

e cTtupaHue ctpokm EEPROM namatu - nosBonseTr cTepeTb He3alWuWeHHY OT
CcTUpaHus 3agaHHyto ctpoky EEPROM namatn. [Ins mukpokoHTponnepa 1886BE31 B
TEST pexunme cTupaHue CTPOKU BO3MOXHO HE3aBUCUMMO OT COCTOSIHUS OuTa 3alumThl
CTPOKW OT CTUPaHUS.

Peructpbl ynpaBneHus 6nokom BHytpeHHen EEPROM namsaTu gaHHbIX

Pabota ¢ EEPROM namsTbio OCYLLECTBMSIETCA C MOMOLIBID YTEeHUS WM 3anucu
pernctpoB kKoHTponnepa. OnnucaHne perncTpoB NPUBEAEHO HUXE.

Tab6nuua 38
Pernctp koHTponsa un tectnpoanHna EEPROM CONT (agpec: 14h, 6aHk 6)

R-1 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
- EETEST | CPTEST VEE2 VEE1 BRG2 BRG1 BRGO

out 7 6 5 4 3 2 1 6ut 0
our7 3apes3epBMpOBaHO, Bcerga cumtbiBaeTcs «1»
ouTt 6 EETEST: curdHan gns ot6pakoBOYHbIX UCTMbITAHUA MUKPOCXEMbI
ouTt 5 CPTEST: curHan gns otépakoBOYHbIX UCNbITAHUN MUKPOCXEMBbI
out 4 VEEZ2: curHan gnsa otbpakoBOYHbIX UCMbITAHWUIA MUKPOCXEMbI
ourt 3 VEE1L: curHan gnsa ot6pakoBOYHbIX UCMbITAHUA MUKPOCXEMbI
our2,1,0 BRG2, BRG1, BRGO: 3agaHne BpeMeHHbIX XapakTepucTtuk. B

3aBMCUMOCTU OT YacTOThbl paboTbl sApa MUKPOKOHTPONNepa,
HeobxoaMmo ykasaTtb KoHTponnepy EEPROM namsitu 3Ty 4acToTy,
Ncxoas U3 KOTopoWn, oH BygeT doopmMmpoBaTb HEOOXoANMbIE
ANUTENBHOCTU CUTHAMNOB «NPOrPaMMMPOBaHUA» U «CTUPAHUS»
3aJaHHbIX ANUTENbHOCTEMN:

000 =vactoTta Fc = 30 — 33 Ml'u,

001 =yvactota Fc =20 — 30 Mlw,

010 =vactota Fc =10 — 20 Ml'u,

011 =vyactota Fc =1 -10 Mlu,

100 = yactota Fc = 500 kl'y, — 1 MI'w,

101 = vactota Fc = 250 kly — 500 klu,

110 = vyactota Fc = 0 — 250 kl'u,

111 = 3ape3epBUPOBaHO
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ObosHaYeHus:

R = 6ut ansa yteHusa; W = 61T C BO3MOXXHOCTbIO 3anuncu;

U = 6uT He peanuaoBaH, YntaeTcs kak 0;

-n = 3Ha4yeHune 6uTa nocrne cbpoca No BKIIOYEHWNIO MUTAHUS:
1 = ycTaHoBsEH;
0 = cOpoLueH;
X = 3Ha4YeHne He U3BECTHO.

Ta6nuua 39
Pernctp pexuma pabotsl EEPROM MODE (agpec: 15h, 6aHk 6)

R/W-0

R-0

R/W-0

R-0

R-0

R/W-0

R/W-0

R/W-0

EN_EE

IE_BUSY_
EE

BUSY_
EE

MODE2_
EE

MODEL_
EE

MODEO_
EE

outr 7

5

4

3

2

1

out 0

our7

EN_EE: paspelweHue paboTbl KoHTposninepa EEPROM namartu:

0 = KOHTpONNEpP BbIKIOYEH,
1 = KOHTpONnep BKINOYEH

ouT 6

3ape3epBMpPOBaHO

outr>5

IE_BUSY_EE: donar paspeLueHuns npepbiBaHNSA N0 OKOHYaHWUIO

3aHATOCTU KOHTponinepa EEPROM namartu:
0 = npepbiBaHWe 3anpeLLeHo,
1 = npepbiBaHNe paspeLleHo

out 4 BUSY_EE: dnar 3aHaTtoctn koHTponnepa EEPROM namsaTu:
0 = KoHTponnep cBoboaeH,

1 = KOHTpONNep 3aHAT

our 3 3apes3epBMpoBaHO

outr 2,1,0 MODE2_EE, MODE1_EE, MODEOQ_EE: pexum paboTbl KOHTponnepa
EEPROM namaTu:

000 = Her,

001 = yteHune 6anta n3 EEPROM,

010 = 3anucbk cnosa B EEPROM,

011 = ctupaHue ctpokn EEPROM,

100 = ctnpanue Bcern EEPROM,

101 = 3anucb Bcenn EEPROM ogHuM 3Ha4YeHnem,

11X = 3anpeLieHHasa komorHauns

ObosHa4vyeHus:

R = 6ut anga ytenus; W = 6UT C BO3MOXHOCTbIO 3amnucH;

U = 6uT He peanuaoBaH, YntaeTcs kak 0;

-n = 3Ha4YeHune b6uTa nocne cbpoca no BKAOYEHUO NMUTAHUA:
1 = ycTaHoBIEH;
0 = cbpouueH;
X = 3Ha4YeHMe He U3BECTHO.
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Tabnuua 40
Pernctp gaHHbix EEPROM DATA (agpec: 16h, 6aHk 6)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DATA7 DATAG DATAS DATA4 DATA3 DATA2 DATA1 DATAO
ontr7 6 5 4 3 2 1 out 0
our7...0 DATAY...DATAQO: 3anucbiBaeMble U1 cYMTbiBaeMble JaHHble
Obo3HavyeHus:

R = 6ut anga yteduns; W = OUT ¢ BO3MOXXHOCTbIO 3arnuncu;
U = 6uT He peanuaoBaH, YntaeTcs kak 0;

-n = 3Ha4yeHune buta nocne copoca No BKNHYEHUIO NMUTAHWS:
1 = yCcTaHOBNEH,;

0 = cOpoLueH;

X = 3Ha4yeHne He N3BeCTHO.

Tab6nuua 41
Pernctp agpeca obpaweHns EEPROM_ ADDR (agpec: 17h, 6aHk 6)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADDRY7 ADDR6 ADDRS5 ADDR4 ADDR3 ADDR?2 ADDR1 ADDRO
out 7 6 5 4 3 2 1 out 0
our7...0 ADDRY7...ADDRO: Pernctp agpeca gaHHbIX:
Mpw yTeHnn n 3anucm ogHoro GarTa NCNOoMb3YTCSA BCe paspabl
agpeca, Npy CTUpaHuUM CTPOKM nMetoT 3HavyeHna Tonbko ADDR(7:4],
npun 6104YHOM OYMUCTKE U 3anNnUCK COLEPXKNUMOE PErNCTpa 3HaYeHUs He
nmeet
Obo3Ha4YeHus:

R = 6ut ang yteduns; W = OUT ¢ BO3MOXXHOCTbIO 3arnuncu;
U = 6uT He peanuaoBaH, YntaeTcs kak 0;

-n = 3Ha4YeHune buTta nocne cbpoca No BKAKOYEHUIO MNTAHUA:
1 = ycTaHoBIEH;

0 = cbpouueH;

X = 3Ha4yeHne He N3BeCTHO.
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Pa6oTta 6noka no ctupaHuio, 3anucu 1 YTEHNKO AaHHbIX

BknroyeHue EEPROM namsimu

Mocne BbicTaBneHna 6Guta EN_EE B pernctpe EEPROM_MODE npowussoauTtca
BkntodeHne EEPROM  namatu. [pouecc  BKMAWYEHUSS NpUM  TaKTOBOW  YacToTe
MUKpokoHTponnepa 33 MIy 3aHumaetr nopsgka 45 mkc (Tsuy). lNocnepoBaTenbHOCTb
aencteui npu BrntoveHnn EEPROM namstn npegctaesneHa Ha Puc. 40.

3anuce
EEPROM_MODE Pabota cEEPROM
OxA0

Tsuy
EN_EE Vi
IEBUSY _EE Vi
BUSY_EE { A
INT set TN\

Puc. 40 BknoyeHne EEPROM namaTtu

CmupaHue eceli EEPROM namsimu

Ana ctupaHna Bcero o6bema EEPROM namsatu mcnonb3yeTca koMaHga «CTUpaHue
Bcen EEPROM namsatuy. [ns BbiNonHeHWs onepaumm HeobxoauMmo 4Tobbl Oblnl BKMAKOYEH
koHTpornnep EEPROM namsaTtu. lNpouecc ctnpanua Bcen EEPROM namatm npm taktoBown
yactoTe MuKpokoHTponniepa 33 MIu 3aHumaeT nopsagka 5 mc (Tsup, Te u Thp).
MocnepoBatenbHOCTL AencTBun npu ctupaHum Bcen EEPROM namatm npepncraBneHa Ha

Puc. 41.
3anuce
EEPROM_MODE Pabota cEEPROM
Oxa4

Tsup Te Thp
EN_EE
[EBUSY _EE ' &
4
BUSY _EE \
INT st VARN
Yy
EBE A N

Puc. 41 Ctupanue scen EEPROM namatn B TEST pexume
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3anuck eceli EEPROM namssimu oGHUM 3Ha4YeHUem

Ana 3anonHeHus Bcero cogepxumoro EEPROM namatn wmcnonb3yetca kKomaHaa
«3anucb Bcen EEPROM namsatu». Nepen nogadven aton komaHabl B pernctp EEPROM_DATA
Heobxo4MMO 3anucaTb 3HavyeHue, KOTopbiM ByaeT 3anoriHeHa Bcs NamATb. [Ana 3anonHeHus
BCEM namMsTM Heobxoammo, 4yTobbl Obin BkNoYeH koHTponnep EEPROM namstu. lNpouecc
3anonHeHuns scen EEPROM npu TaktoBoW 4actote MuKpokoHTposnnepa 33 My 3aHumaeT
nopsgka 5 mc (Tsup, Te n Thp). MNocnegoBaTtenbHOCTbL OEACTBUA MNPU 3amnofIHEHUU BCEW
EEPROM namsiTm ogHUM 3Ha4YeHneM npeacTaBrieHa Ha
Puc. 42.

Janmce
EEPROM_DATA
DAy

Januce
EEPROM_MODE
DxAd

Patora ¢ EEPROM

Te Thp

EM_EE \

EBUSY _EE N
BUSY_EE N\

INTset g
BB A E
EDI[7:0] N DAL

\I/

Puc. 42 3anuck Bcen EEPROM namatn ogHUM 3Ha4YeHnem

CmuparHue cmpoku EEPROM namssmu

Ana ctupanusa cogepxmnmoro ogHon ctpokn EEPROM namsaTtu ncnonbdyetcs komaHaa
«ctnpanne ctpokm EEPROM namatu». [lepen nopgayver 9TOM KOMaHAbl B perncrtp
EEPROM_ADDR][7:4] HeobGxoanmo 3anucaTb agpec cTpoku. Mnagwwme paspsgbl perncrpa
EEPROM_ADDR 3Ha4eHusi He umetloT. [Insa cTupaHust 3agaHHOW CTPOKM Heobxoammo, YTOoObI
6611 BkNtoveH KoHTponnep EEPROM namatu. MNpouecc ctupanna ogHon ctpokn EEPROM npu
TaKTOBOW YacTtoTe MuKpokoHTponnepa 33 MIy 3aHumaeT nopsgka 5 mc (Tsup, Te u Thp).
lMocnepoBaTenbHOCTb 4EWCTBMI NpU cTMpaHun ogHon ctpokn EEPROM npepactasneHa Ha
Puc. 43.
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Patora ¢ EEPROM

Te Thp

3anuce
EEPROM_MODE
DxA3

3anmce
EEPROM_DATA
DA

EN_EE A

[EBUSY _EE N
BUSY_EE R 1

INTset e
EER N e E

EA[7:0] (N DA

\"/

Puc. 43 CtupaHue ctpokn EEPROM namstu

3anuck 6atima e EEPROM namsmb

[nsa 3anucu ogHoro 8-mu paspsgHoro crosa (6avnta) B8 EEPROM namste ncnonbayetca
KomaHga «3anucb b6anta B EEPROM namatb». Nepen nogayven aToM KOMaHObl B pernctp
EEPROM_ADDR[7:0] Heobxogumo 3anucaTb agpec pAns 3anucn, a B pernctp
EEPROM_DATA 3anucatb 3Ha4yeHue ansa coxpaHenmss B EEPROM namate. [Ans 3anucu 6anta
B NamsaTb Heobxoammo, 4Tobbl Obin BkAoYeH koHTponnep EEPROM namsTtu. MNpouecc 3anucu
b6aita B EEPROM namsaTe npu TakToBOM 4acTtoTe MUKpoKoHTponnepa 33 MIu 3aHumaer
nopsigka 5 mc (Tsup, Te n Thp). NocnegosaTenbHOCTb AENCTBUW NpU 3anucu ogHoro 6anTa B
EEPROM namsatb npencraeneHa Ha Puc. 44.

Banwck Banwck 3anuck
EEPROM_DATA EEPROM_ADDR EEPROM_MODE Pa6ota c EEPROM
0xDD O0XAS5 0xA2
Thp

Tsup Tw

EN

IE BUSY

BUSY T\
INTset 1 /" T\
EWR ™

EA[7:0] _) 0xA5 ]

EDI[7:0] X oxpD X

Puc. 44 3anucbk 6anta B EEPROM namatb
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YUmeHue 6atima usz EEPROM namsimu

Ana JteHnss ogHoro 8-mm paspagHoro cnoea (6anta) M3 EEPROM namstu
ncnonb3yeTcs kKomaHga «yteHme 6anta na EEPROM namaTtuy. Nepea nogayen aton KomaHabl
B pernctp EEPROM_ADDR][7:0] Heobxoanmo 3anucatb agpec ans yteHus. [ina yreHms cnosa
n3 namatnm Heobxogmmo, 4to 6bl KOHTponnep EEPROM namsatn ©bin BkntodeH. [Npouecc
yteHus 6anmta m3 EEPROM namsatm npu TakToBOM 4acTtoTe MUKpokoHTponnepa 33 Mly
3aHumaet nopsagka 1 Mkc (Tsux, Tacc u Thx). lNocnegoBaTenbHOCTb AENCTBUIA NMPU YTEHUU
ogHoro 6anta n3 EEPROM namsaTtu npeactaeneHa Ha Puc. 45.

3anucb 3anucb YUrteHune
EEPROM_ADDR EEPROM_MODE — EEPROM DATA
O0xA5 OxAl -

Tsux Tacc Thx

EN
IE BUSY YA

BUSY /| T\
INTset /T
ERD an ™
EA[7:0] )K 0xA5 )K
EDO[7:0] :>( Data

Pwuc. 45 YteHune 6anta nus EEPROM namaTtu
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OnucaHue 6noka koHTponnepa sBHewHen NAND
Flash namsaTtu

brnok koHTponnepa BHewHenn NAND Flash namsatn npegHasHavyeH Ons BO3MOXHOCTU
paboTbl sgpa MWKpPOKOHTponnepa ¢ nepudepuinHon namateto TMna NAND Flash dupmbl
Samsung 1 gpyrux. Mukpocxembl namsaTn MOACOEOMHSAIOTCA K MWKPOKOHTPONNepy 4yepes
noptel «<PORTC» n «PORTD» (cm. Puc. 46). Npn atom ecnn Mmkpocxema namsatn pabotaet
OT HanpshkeHuss nutaHnsa B 3.3 B, gaHHble MOPTbl Tak Xe AOMMKHbl OblTb 3anuTaHbl 3TUM
HanpsbkeHveM. [ns 3TOro MOXHO MCMNONb30BaTb BCTPOEHHbLIA PETYNSATOP HanpshKeHus u ¢
BbiBoga U33out 3aBectn nutaHne Ha BbiBoabl Ucclport u  Ucc2port. HarpysodHas
CMOCOBHOCTb BCTPOEHHOro perynsatopa obecrneymBaeT Tok oo 40 MA. Takum obpasom, OT
3TOr0 UCTOYHMKA MOXET ObITb 3anuTtaHa n cama mukpocxema NAND Flash namsaTw.

KoHTponnep BHewHenr NAND Flash namatm annapatHo ¢opmupyeT curHanbl
ynpaeneHns RBn, REn, CLE, ALE, WEn wn ynpaBnseTt wuHoM p[aHHbix 10. CurHanbl
ynpasneHus CE n WP gna mukpocxembl namMaTtn He oopmupytotcs. PaspaboTynk cam oba3aH
BblOpaTb  Kakve-nmbo cBoboOHblE NMHMM  BBOAA-BbiBOAA  MWKPOKOHTposnsepa  Ang
dopMMPOBaHUS 3TUX CUrHaANoB. Hanpumep, MOXHO ucnonb3oBaTb nNuHuMio PD2/AD10 ans
dopmupoBanua curHana CE ana nepson mMukpocxembl namsatv, a nuHuio PD3/AD11 gns
dopmupoBaHus curHana CE ans BTopon mMukpocxembl namsatu. JluHma PD7/AD15 moxeTt
ncnonb3oBaTtbeca Ans opmmpoBaHnsa nnm koHTpons curdana WP (Write Protect). Kpome Toro,
nnHna PDO/AD8/RBn  pgormmkHa ObITb NoATAHYTA K YPOBHKO forMyeckon eauHuubl. [pwm
BKNtoYeHnn 6noka koHTponnepa BHewHen NAND Flash namatu, nopt «PORTC» nonHocTbio
nepexoauT nog ynpaeneHune atoro 6noka. MNopt «PORTD» yactnyHo. Jininun PDO/AD8/RBN,
PD1/AD9/REn, PD4/AD12/CLE, PD5/AD13/ALE n PD6/AD14/WEn ynpasnsatoTca 65o0kom, a
nnmHun PD2/AD10, PD3/AD11 n PD7/AD15 ocTatoTcs nog ynpasBneHUMeM pernctpoB nopTta
«PORTD» un paspaboTyMk MOXET WX MCNoNnb3oBaTb MO CBOEMY YyCMOTpeHuto. [lpn atom
nuTaHue, nogasaemoe Ha BbiBoabl Ucc1port n Ucc2port, agencteyeT Ana BCeX NIMHUIKA NOPTOB
«PORTC» n «PORTD», He3zaBucMmo OT BbiOpaHHOro pexuma pabotbl. [Mpyn nepexoge B
SLEEP pexunm paspabotumk gorkeH 3aBepwuntb Bce onepauum pabotel ¢ NAND Flash
namaATblo, U NOCNe 3TOro0 NPOrPaMMHO BbIKMIOYUTL BHYTPEHHUIN PErynaTop HanpsKeHusa ang
obecneveHunsi aHeprocbeperatowero pexumma. [locne Bbixoga u3 SLEEP, aHanornyHbim
06pa3oM HeoBXo0ANMO BKIMHOYUTb UCTOYHMK U NPOUHULNANU3NPOBATL MUKPOCXEMY NaMSTH.
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U33out Ucc
Uecel port c1 L cz2 L c3 L
Ucc2port 22 Mlc(bI 0.1 I 0.1 I
PCO_ADO_IO0Q 100
PC1_AD1_IO1 101
PC2_AD2_l0O2 102
PC3_AD3_l03 103
PC4_AD4_l04 104
PC5_AD5_lO5 105
PCE_AD6_l06 106
PC7_AD7_lIO7 107
R1
[H 10K
PDO_ADE_RBn RBn
PD1_ADS_REn REn
PD2_AD10 CE
PD3_ADNM —=
PD4_AD12_CLE CLE
PD5_AD13_ALE ALE
PD&_AD14_WEn WEn
PD7_AD15 WP
1886BE3Y Uss T Uss NAND FLASH

Puc. 46 MNoakntoyeHne kK mukpokoHTponnepy BHewwHen NAND Flash namatu

OnucaHue nporpammHoro goctyna kK NAND Flash namsatu

Cemencteo mukpocxem NAND Flash namatu wmeeTr pgoctatoyHo 6onbLiyro
HOMeHKNnaTypy. Mukpocxembl oTnmMyaloTCa Apyr OT Apyra BPEMEHHbLIMU XapaKTepUCTUKaMMU,
pasmepamMmu NamsaTn U opraHmsaumein. Ho npmHumnbl paboThl C HAMK Y BCEX OAMHAKOBbIE. [ns
paboTbl C KOHKPETHOM MWUKPOCXEMOW NpeaBapuTeENbHO U3ydnte ee onucaHue. B pgaHHOM
onucaHun npueoaaTca obLine npuHUMnbl paboTbl.

3anucb komaHObI 8 NAND Flash namsmb

Ana 3agaHna komangbl NAND Flash namatn Heobxogumo B pernctpe NAND MODE
YCTAHOBUTb PEXWUM «Bblgadya KOMaHaHoOW WHgopmauumy». 3atem B permctp NAND_DATA
3anucatb 3HadeHue KomaHabl. PasnundHble Tunbl Mukpocxem NAND Flash namatu moryt
UMEeTb pasnuyHble Habopbl KomaHg. [daHHas pokymeHTauus 6ygeT noctpoeHa Ha Gase
paccmoTpeHna mukpocxeMbl K9K1GO8UOM dumpmbl Samsung. 3Ta MUKpocxema wMmeeT
cnegyrowmn Habop komang, cm. Tabnuua 42. [uarpamma curHanoB npeacTaBfieHa Ha
Puc. 47.
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CLE

Temd

Tcle

Tcls , Twp Tclh

ALE

WEB \_/

REB

0B _.c
BUSY _/ N—
patai __XcX

e A

Puc. 47 Qnarpamma curHanos 3anuncu komangbl B NAND Flash namatb

Tabnuua 42

Habop komaHg mukpocxembl NAND Flash namsatn K9K1G0O8UOM

DyHKUMNA Mepebi Lnkn | Btopon Lmkn | Tpetun Unkn | MNMpumeyaHus
Read 1 0x00/0x01(1) | - -
Read 2 0x50 - -
Read ID 0x90 - -
Reset OxFF - -
Page Program (True) 0x80 0x10 -
Page Program (Dummy) 0x80 0x11 -
Copy-Back Program (True) 0x00 Ox8A 0x10
Copy-Back Program (Dummy) | 0x03 Ox8A 0x11
Block Erase 0x60 0xDO -
Multi-Plane Block Erase 0x60—0x60 0xDO -
Read Status 0x70 - -
Read Multi-Plane Status 0x71 - -

[MpumeyaHue:

(1) KomaHga 0x00 onpepenseT, 4To obpalleHe naet HaunHasa ¢ NepBon NOMOBUHDI
perucTpoBor namsaTn, komanga 0x01 onpegensieT 4YTo obpalleHne NaeT co BTOPOK NOSOBUHBI

pPEernMcTpoBOn NamaTu.
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Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),
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3anucwk adpeca e NAND Flash namsimb

Ona 3apgaHua apgpeca obpaweHuns B NAND Flash Heobxogumo B peructpe
NAND_MODE ycTaHOBUTb peXxum «Bblgava agpecHon WHdopMauuny». 3aTeM B pPerncrp
NAND_DATA nocnegoBaTtesibHO 3anucatb agpecHy nHdopmMaumio. [na oKOHYaHUS Bblgayu
agpecHon uHdopmaumm Heobxoaumo B pernctpe NAND MODE ycTtaHOBUTH peXum HeT
paboTbl Nnbo nobon Apyron OTNNYHBLIN OT «Bbldaya agpecHon mHdopmauun». Ouarpamma
CUrHanoB npeacrtasneHa Ha Puc. 48.

Ana mukpocxembl KIK1GO8UOM dompmbl Samsung agpec BbligaeTcs B YeTbIpe LMKna
(cm. Tabnuua 43):

Tabnwuua 43

IO0 | I01 | 102 |103 | 104 [ 105 | 106 | 107
1 Unkn AO |A1 |A2 |A3 |A4 |A5 | A6 | A7

2 Unkn A9 | A10 | A1l | A12 | A13 | Al4 | A15 | Al6
3 Uukn Al7 | A18 | A19 | A20 | A21 | A22 | A23 | A24
4 Lukn A25 | A26 | Low | Low | Low | Low | Low | Low

Tadh Twe Twb Tr
Tals | Twp Twh Talh
CLE
ALE // )

WEB "N S\

REB

0B X a1 Xon2z Xoonz X .4

RBB

BUSY /

INTset

al

DATAI CarX_XazX_XasX_Xas) >®<
wp [/ /\_/\ [\

Puc. 48 [narpamma curHanos 3anuncu agpeca B NAND Flash namatb
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CmuparHue cmpaHuuybli NAND Flash namssmu

Mepepq 3anuceio Flash namatn Heobxoanmo npenBaputensHo ee ctepeTb. NAND Flash

Nno3BoOnsieT CTMpaTb MWHUMYM OOHY cTpaHuuy. [uarpamma paboTbl npu  CTUpaHum
npeacrtaesneHa Ha Puc. 49.

3anuck daHHbIX 8 NAND Flash namsmb

Ana 3anncu gaHHbix B NAND Flash namate HeobxogmMmo noaroToBUTb MUKPOCXEMY K
npuemy AaHHbIX: OYUCTUTb 06nacTb ANs 3anuMcu OaHHbIX, YCTaHOBUTb agpec M PYHKLMIO
3anucu. MNocne atoro yctaHosute B pernctpe NAND_ MODE pexum «nporpammHas 3anmcb
AaHHbIX» K1 nocrnepoBatenibHo B pernctp NAND _DATA  3anucbiBanTe  JaHHble,
npegHasHavyeHHole gns coxpaHeHna B NAND Flash namatun. [Ouarpamma curHanos
npegcrasneHa Ha Puc. 49.

CLE / ! / \ / \ / \ /

retwe -

R VA WAWA WA W/ N\

tws - tBERS >
ALE / \ / ! !
REB A / , /
10B X &0h X,‘-‘-.E *—}-‘-.-%-? ~ Az A:s.A:sX DOh } { '-’ih } { |c: o }

Page(Row) 1
Address
B

RBB usy /

(00=0 Successful Erase
Auto Block Erase Setup Command Erase Command Read Status  1/O0=1 Error in Erase

Command

Puc. 49 [narpamma curHanos npu ctupadmm ctpanHmubl NAND Flash namstu

Tds Tdh Twe
CLE e &
ALE
WEB TN NS\
REB
10B D1 D2 X D3 X D4 X

RBB

BUSY

INTset

DATAI o X_XozX_XoaX_Xow XX

we /N /S /\ /\
Puc. 50 Jnarpamma curHanos 3anuncu gaHHolx B NAND Flash namatb
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YmeHue AaHHbIx u3 NAND Flash namsmu

Ana ytenunsa gaHHbix M3 NAND Flash namaTtn Heob6xoauMo NoaroToBUTbL MUKPOCXEMY K
Bbl4aye OaHHbIX: YCTAHOBUTb aflpeC YTeHUS U PYHKUMIO YTEHWUHA, JOXOAaTbCA FOTOBHOCTU, U
panee yctaHoBuTb B pernctpe NAND_ MODE pexum «nporpaMMHOE YTEeHME LaHHbIX» U
nocnegosatencHo n3 peructpa NAND_DATA cuutbiBaTb AaHHble. [Juarpamma curHanos
npeacrtaesneHa Ha Puc. 51.

- Tn | Trea ot Tre
ALE

REB /_\_/'\ [\
WEB

IoB X_ o1, X o2 X b3 X _pa X
RBB ___

Busy  \

INTset [\

DATA0 X_Dl_@( ps X_ba X

Rp [\

Puc. 51 [Inarpamma curHanos 4teHust gaHHbix n3 NAND Flash namaTtu
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Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),
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Pernctpbl ynpasneHunsa koutporsrsiepom NAND Flash namatu

YnpasneHne koHTponnepom BHewHen NAND Flash namatm ocywectBnsetca ¢
MOMOLLIbIO ABYX pPErucTpoB: peructpa pexuma pabotbl koHTpornepa NAND_MODE wu
pernctpa gaHHblx NAND_DATA.

Tabnuua 44

Pernctp pexuma pabotbl koHTponnepa NAND Flash namatn NAND_MODE
(agpec: 10h, 6aHk 6)

R/W-0 R/W-0 R/W-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
EN NAND | LOW_SPE|IE BUSY_| BUSY_ | MODE3_ | MODE2_ | MODEL_ | MODEO_
- ED NAND NAND NAND NAND NAND NAND NAND
out 7 6 5 4 3 2 1 6ut 0
ourt 7 EN_NAND: paspelueHue paboTsl koHTposninepa NAND Flash namatn
N KOHUrypmpoBaHme nopToB:
0 = KOHTpONJIEP BLIKITHOYEH,
1 = KOHTpONNep BKIOYEH

ouT 6 LOW_SPEED_NAND: ckopocTb paboTbl KOHTponnepa:
0 = HopmarnbHasa CKOpPOCTb,
1 = MeaneHHasi CKOpoCTb.
MpumeyaHue: aToT BUT NpMMeHsieTcs Ans obecneveHnsa goctyna K
mMeaneHHbIM Mmukpocxemam NAND Flash namatu. B gaHHoM pexume
BCE BPEMEHA YBENMYMBAIOTCA BABOE, NPU 3TOM AOMNOSHUTENBHO
yctaHasnmBaetcsa doniar BUSY NAND

out 5 IE_BUSY_NAND: donar paspeLleHunsi npepbiBaHUs MO OKOHYaHUIO
3aHatoctn koHTponnepa NAND Flash namaTu:
0 = npepbiBaHWe 3anpeLLeHo,
1 = npepbiBaHNe paspeLieHo

out 4 BUSY_NAND: cnar 3anatoctu koHTponnepa NAND Flash namaTu:
0 = KoHTponnep cBoboaeH,
1 = KOHTpONNep 3aHAT

outr 3,2,1,0 MODE3_NAND:MODEO_NAND: pexum paboTbl koHTponnepa NAND
Flash namaTu:
0000 — HeT paboThl,
0001 — Bblga4a agpecHon nHdopmMauuu,
0010 — Bblga4Ya KOMaH4HOW NHG OpMaLnK,
0011 — yteHune gaHHbiX 13 NAND Flash namaTb,
0100 — 3anucb gaHHbix B NAND Flash namaTtb,
1011 — 3ape3epBMpoBaHo,
1100 — 3ape3epBMpoBaHO

Obo3Ha4YyeHus:

R = 6ut onga ytenus; W = 6UT C BO3MOXHOCTbIO 3aMnuncH;

U = 6uT He peann3oBaH, YntaeTcs kak 0;

-n = 3Ha4yeHune buta nocne cbpoca No BKMHYEHUIO NMUTAHWS:
1 = yCcTaHOBNEH,;
0 = cOpoLueH;
X = 3Ha4YeHne He U3BECTHO.
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Tabnuua 45
Pernctp gaHHbix NAND Flash namsatn NAND DATA (agpec: 11h, 6aHk 6)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DATA7 DATAG DATAS DATA4 DATA3 DATA2 DATA1 DATAO
ontr7 6 5 4 3 2 1 out 0
our7...0 DATAY...DATAQO: 3anncbiBaeMble U CHUTbIBAaEMbIE OaHHbIE,
nepegaBaemMble KOMaHabl U agpeca
Ob6o3HavyeHus:
R = 6ut ansa yteHmna; W = OuT ¢ BO3MOXXHOCTbIO 3amnuncu;
U = 6uT He peanuaoBaH, YntaeTcs kak 0;
-n = 3Ha4YeHune 6uTta nocne cbpoca no BKAOYEHUIO NMUTAHUA:
1 = ycTaHoBIEH;
0 = cbpouueH;
X = 3Ha4YEeHMe He U3BECTHO.
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Cneyugpukayua muxpoxkonmponnepos 1886 BE3(31), K1886BE3(31),
K1886BE3(31)QIl, KI886BE3(31)H4

KoHutponnep USB uHtepcenca

Lincpposon mHTepdencHoin 6nok USB npegHasHavyeH ang peanusaumm KOHTponsnepa
nHTepgenca USB Bepcum 1.1 co ckopocTbio nepegadm no 12 Méut/c. bnok obecneuvsaet
paboTy Ha Hu3kom 1.5 Méut/c (Low Speed) n nonHon ckopoctn 12 Méut/c (Full Speed). bnok
nogaepxuBaetr 0o 3 OKOHeuYHbIX Toyek (Endpoint): ogHa OKOHeYHasi Touvka ynpaBreHusi
paboTton 6noka kKoHTponnepa USB u 2 nonb3oBaTenbCKMe OKOHEeYHble TOYKW. Ha kpuctanne
MUKPOKOHTpOMSiepa peanu3oBaH aHanoroBbln npuemonepegatynk PHY, Bkmovarowmn
NHenHble gpanBepbl NnHun D+ n D-, obecneunBarowmm umsmyeckmn cTblik ¢ wnHon USB.
Cxembl noakntoveHna MukpokoHTposinepa k USB wuHe npencraeneHsl Ha Puc. 52 n Puc. 53.
Tak e KoHTponnep nosBondetr pabotaTb C BHELHUM MpuvemonepeaaTymkoM, Hanpumep
mMukpocxemon PDIUSBP11A.

Lee
K ussout R
] —_ L USB
DM —— LWnHA
lszs
USB_CLK —@
1886BE3 48MIy

Puc. 52 Cxema nogkntoveHus MukpokoHTposnnepa k USB wuHe B pexxume Full Speed

Uce
K USSDUt—[H.EH
pp 25" UsB
DM —— LINHA
Lss
USB_CLK
1886BE3 oM

Puc. 53 Cxema nogkntoyeHns MukpokoHTponnepa k USB wwnHe B pexume Low Speed
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Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),
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OnucaHue ¢pyHKuMoHnpoBaHusa KoHTponnepa USB uHtepcenca

Bnok koHTponnepa USB npegHasHadeH gns npyema v nepefadnm gadHHbix no USB
nHTepgency Bepcumn 1.1. mexagy mMukpokoHTponnepom (functional device) u xoct-
kKoHTponnepom (USB host). briok koHTponnepa USB MoOXeT gyHKUMOHMPOBATb B peXmmax
Low Speed (1.5 M6wut/c) n Full Speed (12 M6ut/c). B coctaBe 6noka peanu3oBaHbl 3
OKOHeYHble TOYKM. HyneBas OKOHeYyHas TOYKa npefHasHayeHa ANna  uHuUuManuMsaumm
KoHTporinepa USB nocrne nogcoeguMHeHWsa ero K XocT-KoHTponnepy. [1Be nornb3oBaTernbckue
OKOHEeYHble TOYKM MOrYT BbITb HACTPOEHbI A1 0bMeHa Nonb3oBaTeNbCKUMU AaHHLIMU C XOCT-
KOHTPOMNEPOM N MoryT ObiTb CkOHuUrypupoaHbl B pexunmbl IN unn OUT. B pexume IN
OKOHeYyHasi Toyka obecnedmBaeT nepedayvyy [OaHHbIX OT MMUKPOKOHTpomnfepa K XOCT-
KoHTponnepy. B pexume OUT okoHeyHas Todka obecnevMBaeT nNpueM AaHHbIX OT XOCT-
KOHTpoOmnfnepa K MUWKPOKOHTpornepy. B 3aBucumoctn oOT BbIOpaHHOro pexuma, 6nok
KoHTpornnepa USB obecneunBaeTt cnegytowme tunel obMeHa ¢ XOCT-KOHTposinepom: Interrupt
transfer, Bulk transfer n Isochronous transfer. lNpu pabote B pexume Low Speed
obecneunBaetca Tun obmeHa Interrupt Transfer. lNpu pabote B pexume Full Speed
obecneunBaetcsa Tmn obmeHa Interrupt Transfer, Bulk Transfer n Isochronous Transfer. Bnok
koHTponnepa USB nossonseT 3agaTb norb3oBaTenbCckun onucarernb yctponctea (Descriptor).

CtpyktypHaa cxema 6noka USB npuBegeHa Ha Pwuc. 54,

nepedyeHb OCHOBHbIX

BbINONHAeMbIX pyHKUnM B Tabnuua 47.

Tabnuua 46
OCHOBHbIE BbINONHAEMble PyHKUMN

HanmeHoBaHue Kpatkoe onucaHue

ABTOMaTHn4YecKasn Mpwn paspeleHnn paboTbl U3 NporpamMmmbl, BbIMOTHAEMON Ha

mHuumanusauma USB | MMKpokoHTponnepe, n nogcoeaMHeHnn ero K XocT-koHTponnepy, byaer

MHTepdenca npounssedeHa aBTomaTuieckasl Humanusauus 6noka koHtponnepa USB.
JdononHuTtensHoe yyacTue sapa MUKPOKOHTposiepa npy nHuuuannsaumm
©noka He TpebyeTcs. Nporpamma gomkHa obecneynTb MOHUTOPUHT
Cco00LWEeHN 1 OLNBOK, KOTOPbIE MOTYT BO3HUKHYTb NPV MHULMANn3aumn.

Monb3oBaTenbLCKUn Mpwn peanusauun USB nHTepdenica nonb3oBaTeNnb MOXET 3a4aTtb

onucarernb npoun3BonbHbIN onucaTtenb USB ycTpoiictea, Bkntodaa Vendor ID, Product ID,

yctpouctea USB

no 3 CTPOKOBbIX onucareneun u npo4yee.

Tun obmeHa:
Interrupt Transfer

Tun obmeHa ¢ noaTBepXaeHueM npmuema, obecnevmBaeT nepegady nakeTos
anvHon go 8 6ant B pexnme Low Speed n gnuHon o 64 6ant B pexume Full
Speed. NakeT MOXeT NnepegaBaTbCA He Yalle 0gHOro pasa Bo openm (1
MUIIIUCEKYHAY).

Twun obmeHa:
Bulk Trans

Tun obMeHa ¢ noaTBepXaeHueM npmuema, obecnevmBaeT nepegady nakeTos
ANnHoM fo 64 6ant Tonbko B pexxume Full Speed. MNakeTbl MoryT
nepegasaTbCs MHOrOKpaTHO BO BPeEMS OAHOro gperima.

Twun obmeHa:
Isochronous Transfer

Tun obmeHa 6e3 noaTBepXxaeHnsa npnema, obecneynBaeT nepegayvy nakeTos
ANnHoM fo 64 6ant Tonbko B pexume Full Speed. MNakeTbl moryT
nepegaBaTbCsl MHOrOKpaTHO BO BpeMsi O4HOro penma.

Pexunm nepegaum: IN

Mpun KOHUIryprpoBaHUN OOHOM U3 OKOHEYHbIX TOYEK B pexum nepegayuu IN,
KOHTponnep 6yaet aBToMaTtnyecky OCyLLEeCTBNATL Nepeaadvy AaHHbIX XOCT-
koHTponnepy. lNMporpamma, BbiNONHAEMasi HA MUKPOKOHTpONepe, OOMKHa
obecneyvnTb KOPPEKTHYIO 3annck B 610k koHTponnepa USB gaHHbIX,
npegHasHavYeHHbIX 4N nepegayn. Takke nporpamma gofmkHa obecneyunTb
MOHUTOPWHI COOBLLEeHNI 1 OINBOK, KOTOPbIE MOTYT BO3HUKHYTb NpU
nepegave.
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HanmeHoBaHue Kpatkoe onucaHue

Pexum npuema: OUT | Npun KOHDUTYypUpPOBaHUN OOHON M3 OKOHEYHLIX TOYEK B pexum npuema OUT,
KOHTponnep 6yaet aBTOMaTtMYeCKM OCYLLIECTBNATb NPUEM OaHHbIX OT XOCT-
KOHTponnepa. Nporpamma, BbINONHAEMas Ha MUKPOKOHTPOINepe, A0MMKHa
obecneunTb KOPPEKTHOE YTEHME MPUHSTBIX AaHHbIX. Tak e nporpamma
OOIMKHa o6ecneynTb MOHUTOPUHI COOBLLEHNI 1 OLIMOOK, KOTOPbIE MOTYT
BO3HWKHYTb Npu Npueme.

OcHoBHbIM Onokom koHTponnepa saBnsetca Protocol Layer, obecneudnBatowmi
06paboTKy NpMHMMaeMbIX NakeToB M hopMnpoBaHME OTCbiNnaembix naketoB. Protocol Layer
obecneunBaeTt pacdeT M KOHTponb u4eTHocTW, bit staffing, obpaboTky 3anpocoB npwu
KOH(MIypMpoBaHUKN, UHUUManu3auuio uHtepgenca. O6paboTky NpuHMMaeMbIX MakeToB W
dopmMmunpoBaHue nepeaaBaemMbix nakeToB. [lpn ob6paboTke KOHUrypauMOHHbLIX 3anpocos,
nosly4aembln NakeT pasmeLllaeTcsa B NpUHUMALOLWLEN oYepean HyrneBOM OKOHeYHou Touku EPO
OUT. Onucanue ycTtponcTBa 3anmcaHHoe B 6ok Descriptor nepenucbiBaeTcsa B nepenaroLyto
oyepeab EPO IN, nocne yero 6nokom Protocol Layer coopmupyetca B nakeTbl U nepegaetca
XOCT-KOHTponnepy. [lpuHMMaemble W oTnpaBngemMble nakeTbl nepegatTca 4Yepes UTMI
UHTepdbenc cneumanbHOMY aHanoroBoMmy npuemonepenatymnky. Mpu paboTte no nepenadve
Nonb30BaTeNbCKMX [OaHHbIX, MPUHMMAaeMble OT XOCT-KOHTposfiepa [AaHHble MoryT ObiTb
pasmelleHbl B 0O4Yepeanm OOHOM K3 4YeTbipex MoNb30BaTENbCKMX OKOHEYHbIX TOYEK,
oTnpasnsgemMble AaHHble MOTYT 3anucbiBaTbCA B 0Mepeab APYro OKOHEYHOM TOYKU, NoCre Yero
M3 3TUX daHHbix 6yayT cdopmupoBaHbl nakeTbl Protocol Layer u nepepaHbl XoOCT-
KOHTponnepy. Pabota ¢ 6nokom KoHTponnepa USB wuHTepdenca co CTOpPOHbl sapa
MUKPOKOHTpOMepa ocywectendetcsa Yepes uHtepdgenc Core Interface.

EFQ EFO
IM auT
UTMI U=B1.1
Protocol Layer — tertace
| i i i T
Descriptor EP1 EP2 EP3 EP4

l 1 1 ) 1

Zore Interface

AAR0 MUKPOKOHTRONNERE

Puc. 54 CtpykTypHasa cxema 6noka USB

© AO «[l1KK MunaHOp» TCKA.431295.003Cr1 123




Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),

K1886BE3(31)Ql, K1886BE3(31)H4

Paboma ¢ konmposnnepom USB unmepdgelica

PaboTta mukpokoHTponnepa ¢ 6riokom koHTponnepa USB ocyuiectBnsieTcss ¢ NOMOLLbHO
3anuncu n YTeHns nHgopmMaumm B permctpbl 6rioka. OnucaHme permctTpos NpMBeLeHO Aanee.

Pernctp pyHKuMoHanbHoro agpeca

B

Ha3Ha4YaeTCd

npouecce

NHULMannsauum
YHUKaNbHbIN

XOCT-KOHTpOJIJ1EepPOM

YHKUMOHanNbHLIM  agpec.

kaxgomy USB ycTtpounctBy

3HayeHune

npucsoeHHoro USB

YCTPOWCTBY agpeca oTobpaxaeTcs B gaHHOM peructpe. [locne npucBoeHus agpeca Tak ke

B3Boautcs 6ut ADR_SET B peructpe USB_STAT.

Tabnwuua 47
Pernctp pyHkumoHansHoro agpeca USB ADR (agpec: 10h, 6aHk 4)
U-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
- ADRG6 ADR5 ADR4 ADR3 ADR2 ADR1 ADRO
ouT 7 6 5 4 3 2 1 6uT 0
our 7 3ape3epBMpoOBaHO
out6...0 ADRG...ADRO: dyHKUMoHanNbHLIM agpec USB ycTtporcTtBa. HasHavaeTcs
XOCT-KOHTPOSIIEPOM B MpOLecCce MHMLMANM3aumum yCcTponcTea
O60o3Ha4YyeHus:

R = 6ut ang ytedusa; W = OUT ¢ BO3MOXXHOCTbIO 3aruncu;

U = 6uT He peanun3oBaH, YntaeTcs kak 0;

-n = 3Ha4yeHune 6uta nocne copoca No BKNHYEHUIO NMUTAHWS:
1 = ycTaHOBnNEH,;
0 = cOpoLueH;
X = 3HA4YeHne He U3BECTHO.
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Pezucmp cmamyca owu6ok

B npouecce pabotbl 6noka koHTponnepa USB, npu nepemaye p[aHHbIX uWnAn
yrNpasnsaoLWmnX NakeTos, MOryT BO3HUKATb OWMOKM. OWwWKnBKM MOryT BO3HWUKaTb B pesyrnbTaTe
HeJOCTAaTOYHOro KavecTtBa NMHUMM CBA3W, owmnbkax B nporpammHoM obecneyeHun gpansBepa
XOCT-KOHTpoOsfepa, owmnboK B NporpaMme BbINOMHAEMOWN Ha sApe MUKPOKOHTponsnepa u T.4.
HaHHble owmnbkn ncnpaensoTcsa KoHTponnepom USB aBTomaTU4ecku, HO pa3paboTymk MOXET
NpY BO3HUKHOBEHUW [OAHHbLIX OLUMOOK MPUHATbL Mepbl MO YNYYLEHUIO HaOeXHOCTU paboTbl
CXeMbil.

Ta6nuua 48
Pernctp ctatyca owmnbok USB ERROR (agpec: 11h, 6aHk 4)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
BUS DROP CRC16 CRC5
CRR rrv~ | TO_ERR | SEQ_ERR | NSE_ERR | PID_ERR ERR ERR-
out 7 6 5 4 3 2 1 out 0
our 7 BUS_ERR: Bus Error. Ha nuHuax D+ D- obHapyxeHa owmnbka. MoxeT
ObITb Bbl3BaHa HenpaBuibHbIM nogcoeanHeHnem Full Speed yctponctea
B Low Speed nuHun, unu owmnbka bit staffing, byte error u 1.4.
ouTt 6 DROP_FRM: Dropped Frame. KoHTponnep oTkasa B npuemMe naketa oT
XOCT-KOHTpOsifiepa no npuymMHe oTCcyTCTBUS CBOBOAHOrO MecTe B
oyepean OKOHEYHOM TOYKU. XOCT KOHTPOSINepy OTnpasneH oTkas B
noaTBepXgeHnn npyema
our 5 TO_ERR: Time Out Error. XoCT KOHTpOSnep He npucnan
noaTBepX4eHnsa npMemMa AaHHbIX U OHM ByayT nocnaHbl KOHTPONEPOM
cHoBa, nmbo nocne naketa DATA OUT He nony4eH nakeT C JaHHbIMU U1
KOHTPOMNEP BEPHYICS B PEXUM OXMAAHUS
out 4 SEQ_ERR: Sequential Error. NMonyyeH naket ¢ Tem xxe DATAX 4TO 1
npegblaywnin nakeT. [lakeT NpoMrHopupoBaH, XOCT KOHTPOMSepy BblAAHO
nogTBepXxgeHne npuema
out 3 NSE_ERR: No Such Endpoint Error. XoCT KOHTpornnep obpatuncs K
YCTPONCTBY C HaLLMM PYHKLMOHASTbHLIM aApecoM, HO K
HEeCYLLIECTBYIOLLIEN OKOHEYHOWN TOYKE
our 2 PID_ERR: PID Error. MuBepcus nonsa PID He cooTBeTCTBYET NPSAMON
yacTtu
out 1l CRC16_ERR: CRC16 Error. CRC16 nony4YeHHbIX AaHHbIX HE
COOTBETCTBYET NPUHATOMY MO0, AaHHbIX OTOPOLLEHBI, XOCT
KOHTPOJINepy OTrnpaBrieH 0Tka3 B MOATBEPXAEHUN NpuemMa
out 0 CRC5_ERR: CRC5 Error. CRC5 nony4eHHOro naketa He COOTBETCTBYET
paccYMTaHHOMY, NakeT NPOUrHOPUPOBaH
Obo3Ha4YeHus:

R = 6ut anga yteHus; W = OUT C BO3MOXHOCTbIO 3amnucH;

U = 6uT He peanuaoBaH, YntaeTcs kak 0;

-n = 3Ha4YeHune b6uTa nocne cbpoca no BKAOYEHUO NMUTAHUA:
1 = ycTaHoBIEH;

0 = cbpouueH;

X = 3Ha4yeHne He N3BEeCTHO.
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Pezucmp cmamyca 6510ka

B npouecce paboTbl 6510ka koHTponnepa USB ¢ XOCT-KOHTPONepoM, CTaTyC TEKyLLEero
COCTOSIHMS U COBBLITUIN, NpoucxoasLwmx Npu padboTte, otobpaxaeTtca B pernctpe USB_STAT.

Ta6nuua 49
Pernctp ctatyca 6noka USB STAT (agpec: 12h, 6aHk 4)
U-0 R-0 R-0 R/W-0 R-0 R-0 R-0 R-0
- ADR_SET |CONF SET| USB RST | EP2 SEL | EP1 SEL | EPO SEL |USB BUSY
out 7 6 5 4 3 2 1 6ut 0
out 7 3ape3epBnpoBaHo.
ouTt 6 ADR_SET: Addressed. KoHTponep nonyyun agpec oT XOCT-
KOHTponnepa
ouTt 5 CONF_SET: Configured. KoHTponep CKOHpUrypupoBaH XocT-
KOHTPOMNepom
out 4 USB_RST: Reset on USB lines. XOCT-KOHTpOsnep BbICTaBui KOMaHay
cbpoca Ha USB nuHuto
ourt 3, 2,1 EP2_SEL, EP1 _SEL, EPO_SEL: Endpoint Select. Tekywas,
BblOpaHHasa XOCT-KOHTPOMNNEPOM, OKOHEYHas Tovka Ans paboTbl:
000 — Hyneasi okoHe4Hasa Touka nnbo paboTa He BegeTCA.
001 — lNepBas oKOHEeYHast TOYKa.
010 — BTopasi okoHe4YHasa Touyka.
OcTtanbHble — HegoNyCTUMO
out 0 USB_BUSY: USB BUSY. XocT-koHTponnep paboTtaeT ¢
KoHTponnepom USB
Ob6o3Ha4YyeHus:

R = 6ut ang ytedus; W = OUT C BO3MOXXHOCTbIO 3aruncu;
U = 6uT He peannsoBaH, YntaeTcs Kak 0;
-n = 3Ha4yeHune buta nocne cbpoca No BKNHYEHUIO NMUTAHWS:

1 = ycTaHoOBnNEH,;
0 = cOpoLueH;

X = 3Ha4yeHune He N3BeCTHO.
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Pezaucmp ynpaeneHusi 6510ka

[na obecnedyeHnss BO3MOXHOCTM paboTbl koHTpomnnepa USB ¢ XOCT-KOHTPONMepom,
HeobxooMMO 3agaTtb pexumm paboTbl KOHTponnepa u paspewntb ero paboty. Kpome Toro,
HeobXoauMO 3afaTb pexumbl paboTbl AN OKOHeYHbIX Toyek (pernctpbl EPx_CFGx).
N3meHeHne pexnmoB paboTbl Nocne nHMumManm3aumm KOHTposnepa MoryT npmMBecTun k cbosim B
paborTe.

Ta6bnuua 50
Pernctp ynpasneHus 6noka USB CTRL (agpec: 13h, 6aHk 4)

U-0

U-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

uUSB
TEST2

uUSB
TEST

FULL_
LOW

USB_EN

outr7

6

5

4

3

2

1

out 0

our7,6,5,4 3apes3epBMpoOBaHO

our 3 USBTEST2: TectnpoBaHue undgpoBon YacTtu. [pu BeiICTaBneHUN
AaHHoro 6uta, Ha nopT E BbiBOgATCSA undposbie curHansl USB. U
AernaeTt BO3MOXHbIM TECTUPOBAHME C BHELLIHWM aHanoroBbIiM
ApanBepoM LLUMHbI UK TECTOBLIM 060pyaOBaHNEM.

0 = TeCTOBbIN PEXMM BbIKIHOYEH,

1 = TECTOBbIN PEXMM BKITHOYEH

our 2 USBTEST: TectnpoBaHue bydepa. MicnonbayeTtca B npouecce
ANarHOCTUYECKNX N OTOPAKOBOYHLIX TECTOB.

0 = HeT TecTMpOBaHus,

1 = Ha PE1/OE/TXDM n PEO/ALE/TXDP BblgaeTtcss meaHap Ans
OLIEHKWN XapaKkTepucTuk nepeaatymnka. Pabota USB gorkHa ObITb
paspelleHa. KoHTponnep AofmKeH b6biTb OTCOeAMHEH OT XOCT-

KOHTponnepa

out1 FULL_LOW: Full Low Select. OnpegenseT, B Kakom pexunme dyget
dyHKUMOHMpoBaTb kKoHTponnep USB:
0 = Low Speed (1.5 MbuTt/c),

1 = Full Speed (12 M6uTt/c)

out 0 USB EN: USB Enable. PaspelweHne paboTbl KoHTponnepa USB

ObosHayeHus:

R = 6ut ansa ytenus; W = 6UT ¢ BO3MOXHOCTbIO 3arnuncu;

U = 6uT He peanun3oBaH, YntaeTcs kak 0;

-n = 3Ha4yeHune buta nocne cbpoca No BKMHYEHUIO NMUTAHWS:
1 = yCcTaHOBNEH,;
0 = cOpoLueH;
X = 3Ha4YeHne He U3BECTHO.
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Pezaucmpsbi pa3peweHus npepbieaHuli om 6noka USB

Mpwn 3anonHeHWn O6ydepoB, MX OMNYCTOLIEHUN W OPYTUX COOBLITUAX BO3MOXHO
dopMupoBaHMe npepbiBaHUS MUKPOKOHTpornepa. [Ans BblGopa cCOObITUIA, reHepupyoLwmnx
npepbiBaHUS, UCNOSb3YEeTCs PErMCTP pa3peLleHnst NpepbiBaHNA.

Ta6bnuua 51
Pernctp paspelieHus npepbiBaHnin ot USB 6noka USB _IE1 (agpec: 14h, 6aHk 4)
U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
] ] ] ] EP2_ EP2_ EP1_ EP1_
FULL IE EMPTY _IE FULL IE EMPTY _IE
out 7 6 5 4 3 2 1 6ut 0
our7,6,5,4 3apesepBMpoBaHO
our 3 EP2_ FULL_IE: Endpoint 2 Fifo Full Interupt Enable.
1 = paspelueHo npepbiBaHne npu 3anonHeHnn NGO sTopon
OKOHEYHOW TOYKM,
0 = npepblBaHWE 3anpeLleHo
ouT 2 EP2_EMPTY_IE: Endpoint 2 Fifo Empty Interupt Enable.
1 = paspelueHo npepbiBaHne npu onyctoweHnn PNPO sTopon
OKOHEYHOW TOYKM,
0 = npepblBaHNe 3anpeLleHo
out1 EP1_FULL_IE: Endpoint 1 Fifo Full Interupt Enable.
1 = paspelueHo npepbiBaHne npu 3anonHeHnn GO nepson
OKOHEYHOW TOYKM,
0 = npepblBaHWe 3anpeLyeHo
out 0 EP1_EMPTY_IE: Endpoint 1 Fifo Empty Interupt Enable.
1 = paspeLueHo npepbiBaHne npu onycroweHnn NP0 nepsomn
OKOHEYHOW TOYKMU,
0 = npepblBaHWe 3anpeLyeHo
Obo3Ha4YeHus:

R = 6ut ang ytedus; W = OUT ¢ BO3MOXXHOCTbIO 3arnuncu;

U = 6uT He peanuaoBaH, YntaeTcs kak 0;

-n = 3Ha4YeHune 6uTa nocne cbpoca no BKAOYEHUIO NMUTAHUA:
1 = ycTaHOBIEH;
0 = cbpouueH;
X = 3Ha4YeHMe He U3BECTHO.
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Tabnuuya 52
Peructp paspewenuns npepbiBaHnin ot USB 6noka USB |E2 (agpec: 15h, 6aHk 4)
R/W-0 R/W-0 R/W-0 R/W-0 U-0 U-0 uU-0 uU-0
USB_ USB_
RST_IE BUSY_IE
out 7 6 5 4 3 2 1 6ut 0
our7 USB_RST_IE: USB Reset Interrupt Enable.
1 = npu BO3HUKHOBEHUN Ha NnHUAX USB coctosiins RESET
reHepupyeTcs npepbiBaHue,
0 = npepbliBaHWe 3anpeLyeHo
ouTt 6 USB_BUSY_IE: USB Busy Interrupt Enable.
1 = npu nepegaye no nuHuam USB reHepupyeTcsa npepbiBaHue,
0 = npepbiBaHWe 3anpeLleHo
out 5 3ape3epBMpOBaHoO.
[pumeydaHue: BUT OOIMKEH BCerga paBHATLCS HYIIHO
out 4 3ape3epBMpoBaHo.
[MpumeyaHue: BUT AOIMKEH BCErga PaBHATLCSA HYIHO
outr3,2,1,0 3ape3epBMpoOBaHO
O603Ha4veHus:
R = 6ut ang yteHusa; W = OUT ¢ BO3MOXXHOCTbIO 3aruncu;
U = 6uT He peanunsoBaH, YntaeTcs kak 0;
-n = 3Ha4yeHune buta nocne cbpoca No BKMHYEHUIO NMUTAHWS:
1 = ycTaHoOBnNEH,;
0 = cOpoLueH;
X = 3Ha4Y€eHMe He U3BECTHO.
Tab6nuua 53
Pernctp paspewenus npepsiBaHnin ot USB 6noka USB |E3 (agpec: 16h, 6aHk 4)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
BUS_ DROP_FR TO_ SEQ_ NSE_ PID_ CRC16_ CRC5_
ERR_IE M_IE ERR_IE ERR_IE ERR_IE ERR_IE ERR_IE ERR_IE
out 7 6 5 4 3 2 1 6ut 0
out7 BUS_ERR_IE: BUS Error Interrupt Enable.
1 = paspelueHune npepbiBaHNs Npu owmnbke Ha nuHuax D+, D- nnu
owmnbke bit staffing, byte error n 1.4.
0 = npepbliBaHWe 3anpeLleHo
ouTt 6 DROP_FRM_IE: Packet Dropped Interrupt Enable.
1 = paspelueHne npepbiBaHNS ANg criyyas oTkasa B npueme naketa oT
XOCT-KOHTpOsfepa no npuymMHe oTcyTCTBUSE CBOOOAHOrO MecTa B
oyepenm OKOHEYHOW TOYKM.
0 = npepbiBaHNe 3anpeLyeHo
our5 TO_ERR_IE: Time Out Interrupt Enable.

1 = paspelueHune npepbiBaHUs ANd Cryvasd, ecrv XOCT-KOHTPOnep He
npucnan NoATBEPXAEeHMS NpMema OaHHbIX 1 OHM OyayT nocnaHbl
KOHTpOnnepom cHoBa, nmbo nocrne naketa DATA OUT He nonyyeH
nakeT C AaHHbIMU U KOHTPOMNEP BEPHYICSA B PEXUM OXUOAHUS.

0 = npepbiBaHWE 3anpeweHo
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out 4 SEQ_ERR_IE: Sequential Interrupt Enable.
1 = paspelueHune npepbiBaHUsA 4N4 criydas, ecnv noslyvyeH nakeT ¢ Tem
xe DATAX 4To v npeabiayLumin naker.

0 = npepbliBaHWe 3anpeLleHo

out 3 NSE_ERR_IE: Not Such Endpoint Interrupt Enable.

1 = paspelueHune npepbiBaHUS B Crydae, eCrnm XOCT-KOHTPOonnep
o6paTunCca K yCTPOUCTBY C HALIMM (PYHKLMOHANbHbIM aapecoM, HO K
HeCyLLeCTBYOLEN OKOHEYHOM TOYKE.

0 = npepbliBaHWe 3anpeLyeHo

our 2 PID_ERR_IE: PID Field Error Interrupt Enable.
1 = paspelueHune npepbiBaHNA B criydae, ecnu nieepcus nond PID He
COOTBETCTBYET NPSAMON 4acTu.

0 = npepbiBaHWe 3anpeLleHo

out 1 CRC16_ERR_IE: CRC16 Error Interrupt Enable.
1 = paspelleHue npepbiBaHus B criydae, ecnn CRC16 nonyyeHHbIX
AAHHbBIX HE COOTBETCTBYET NPUHATOMY MOJSIHO.

0 = npepbliBaHWe 3anpeLleHo

out 0 CRC5_ERR_IE: CRCS5 Error Interrupt Enable.
1 = paspelueHune npepbiBaHus B crydae, ecnun CRCS nonyyeHHoro
nakeTa He COOTBETCTBYET BbIYMCIIEHHOMY 3HAYEHUIO.

0 = npepbliBaHWe 3anpeLyeHo

Obo3HavyeHus:

R = 6ut ang yteduns; W = OUT C BO3MOXXHOCTbIO 3arnuncu;

U = 6uT He peanuaoBaH, YntaeTcs kak 0;

-n = 3Ha4YeHne 6uTta nocne cbpoca no BKAOYEHUO NMUTAHUA:
1 = ycTaHoBIEH;
0 = cbpouueH;
X = 3Ha4YeHne He U3BECTHO.

Tabnuua 54
PerucTtp paspewenus npepbiBaHnin oT USB 6noka USB_IE4 (agpec: 17h, 6aHk 4)
U-0 U-0 U-0 U-0 R/W-0 U-0 R/W-0 R/W-0
i USB_ ADR_ CONF_
ALL_IE SET_IE SET_IE
out 7 6 5 4 3 2 1 out 0
onr7,6,5,4 3apes3epBMpoBaHO
out 3 USB_ALL_IE:
1 = rnobanbHoe paspeLueHne npepbiBaHUA OT KOHTponnepa USB.
0 = npepbiBaHNe 3anpeLLeHo.
our 2 3apes3epBMpoBaHO
out1 ADR_SET IE:
1 = paspelueHne npepbiBaHWA B Cydae, ecriv KOHTponep nony4mn
aZlpec OT XOCT-KOHTposnepa,
0 = npepbliBaHWe 3anpeLleHo
out 0 CONF_SET _IE:
1 = paspelueHne npepbiBaHNS B Criydae, €Cnun KOHTponep
CKOHPUTYPUPOBAH XOCT-KOHTPOSINEpoM,
0 = npepbiBaHWe 3anpeLleHo
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ObosHaYeHus:

R = 6ut ansa yteHusa; W = 61T C BO3MOXXHOCTbIO 3anuncu;

U = 6uT He peanuaoBaH, YntaeTcs kak 0;

-n = 3Ha4yeHune 6uTa nocrne cbpoca No BKITOYEHNIO NUTAHUS:
1 = ycTaHoBsEH;
0 = cOpoLueH;
X = 3Ha4YeHne He U3BECTHO.

Pezucmpbl cmamyca OKOHe4YHOU moYKu

Tabnuua 55
Pernctp cratyca nepson okoHe4dHon Todkn EP1 STAT (agpec: 10h, 6aHk 3)
U-0 U-0 R-0 R-0 U-0 U-0 R-0 R-0
- - BLK1_ ACTIV1 - - FULL1 EMPTY1
DATA
out 7 6 5 4 3 2 1 out 0
our 7,6 3apes3epBMpoOBaHO
ouT 5 BLK1 DATA:

1 = pabota ®PUDPO 1-11 OKOHEYHOWN TOYKM 3anpeLLleHa.
0 = pabota PNDPO 1-n OKOHEYHOWN TOYKM paspeLLeHa

out 4 ACTIV1:
1 = pabota ®UDPO 1-11 OKOHEYHOM TOYKM paspeLleHa.
0 = pabota PUDO 1-n OKOHEYHOWN TOYKM 3anpeLleHa

owur 3, 2 3ape3epBMpOBaHO

out 1 FULL1Z1:
1 = PNDO 1-11 OKOHEYHOM TOYKM 3arosIHEHO.
0 = PUDPO 1-11 OKOHEYHOIM TOYUYKM HEe 3aroSHEHO.

6ut 0 EMPTY1:
1 = ®NDO 1-1 OKOHEYHOM TOYKM MYCTO.
0 = ®UNDO 1-11 OKOHEYHOM TOYKMN HE NYCTO

Obo3HavyeHus:

R = 6ut anga yteHus; W = 6UT C BO3MOXHOCTbIO 3amnucH;

U = 6uT He peanuaoBaH, YntaeTcs kak 0;

-n = 3Ha4YeHne 6uTa nocne cbpoca no BKAOYEHUIO NMUTAHUA:
1 = ycTaHOBIEH;
0 = cbpouueH;
X = 3Ha4YeHne He U3BECTHO.
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Tabnuua 56
Pernctp cratyca BTopon okoHeyHomn Todkn EP2 STAT (agpec: 11h, 6aHk 3)

u-0 uU-0 R-0 R-0 u-0 u-0 R-0 R-0

BLK2_
] ; DATA | ACTIV2 - - FULL2 | EMPTY2

out 7 6 5 4 3 2 1 out 0

our 7, 6 3apes3epBMpoBaHO

our 5 BLK2_Data:
1 = pabota PUDPO 2-11 OKOHEYHON TOYKM 3anpeLLeHa.
0 = pabota PNDPO 2-n OKOHEYHOWN TOYKM paspeLleHa

out 4 ACTIV2:
1 = pabota PUNDPO 2-1 OKOHEYHOM TOYKWN paspeLleHa.
0 = pabota PNPO 2-i OKOHEYHOW TOYKM 3anpeLieHa

our 3, 2 3ape3epBMpoOBaHO

out 1 FULL2:
1 = PNPO 2-11 OKOHEYHOW TOYKW 3amnoSIHEHO.
0 = ®NPO 2-1 OKOHEYHOW TOYKU HEe 3aroJyIHEHO

out 0 EMPTY2:
1 = PUNDO 2-1 OKOHEYHOWM TOYKM MYCTO.
0 = PNPO 2-11 OKOHEYHOWN TOYKM HE NMYCTO

Pezucmpsbl konnuyecmea cs10e 8 o4epedu OKOHEYHOU MOYKU

Tabnwuua 57

Pernctp konuyecTtsa cnos B ovepeaun nepBon okoHeYHon Todkn EP1_CNT
(agpec: 14h, 6aHk 3)

u-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
- CNT6 CNT5 CNT4 CNT3 CNT2 CNT1 CNTO
ont 7 6 5 4 3 2 1 ont 0
onr7 3apes3epBMpoBaHO
ouT6...0 CNT6... CNTO: Counter of Word in FIFO. CyeT4unk crnoB B o4epeam
nepBon OKOHEYHOW TOYKN.
00h = oyepenb NOMHOCTLIO NYCTa,
40h = o4yepeab NONHOCTLIO 3aMnoSIHEHA

Ob6o3Ha4yeHus:.

R = 6ut anga ytenus; W = 6UT ¢ BO3MOXHOCTbIO 3aMnucH;

U = 6uT He peanun3oBaH, YntaeTcs kak 0;

-n = 3Ha4yeHune buta nocne cbpoca No BKMHYEHUIO NMUTAHWS:
1 = yCcTaHOBNEH,;
0 = cOpoLueH;
X = 3Ha4YeHne He U3BECTHO.
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Tabnwuua 58

Pernctp konuyecTtsa Cnos B o4epean BTOPOM OKOHeYHon Toukn EP2_CNT
(appec: 15h, 6aHk 3)

uU-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
- CNT6 CNT5 CNT4 CNT3 CNT2 CNT1 CNTO
ont 7 6 5 4 3 2 1 ont 0
onr7 3apes3epBMpoBaHO
ouT6...0 CNT6... CNTO: Counter of Word in FIFO. CyeTumnk cnos B oyepeam
BTOPOW OKOHEYHOM TOYKM.
00h = o4yepeab NONHOCTbLIO MyCTa,
40h = o4yepeib NONHOCTLIO 3aMNoSIHEHA

Obo3HavyeHus:

R = 6ut ang yteHus; W = OUT ¢ BO3MOXXHOCTbIO 3arnuncu;

U = 6uT He peanuaoBaH, YntaeTcs kak 0;

-n = 3Ha4YeHune BuTa nocne cbpoca no BKAOYEHUIO NMUTAHUA:
1 = ycTaHoBnNeH;
0 = cbpoLueH;
X = 3Ha4YeHMe He U3BECTHO.

Peaucmpbi KOHghu2ypayuu OKOHeYHbIX MOYeK

Tabnuuya 59

Pernctp makcumanbHOro pasmepa naketa nepBon okoHeyHoun Toukn EP1_CFG1
(agpec: 10h, 6aHk 0)

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
MAX MAX MAX MAX MAX MAX MAX
SIZE6 SIZES SIZE4 SIZE3 SIZE2 SIZE1 SIZEO
out 7 6 5 4 3 2 1 6ut 0
our7 3ape3epBnpoBaHO
6uT6...0 MAXSIZESG... MAXSIZEQ: MakcumanbHbIi pa3mep nakerta nepBomu
OKOHEYHOW TOYKM

Obo3Ha4YeHus:

R = 6ut ansa ytenus; W = 6UT ¢ BO3MOXHOCTbIO 3arnuncu;

U = 6uT He peanu3oBaH, YntaeTcs kak 0;

-n = 3Ha4yeHune buta nocne cbpoca No BKMNHYEHUIO NMUTAHWS:
1 = yCcTaHOBNEH,;
0 = cOpoLueH;
X = 3HA4YeHne He U3BECTHO.
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Tab6nuua 60

Pernctp makcumarnbHOro pasmepa naketa BTopon okoHe4yHon Toukn EP2_CFG1
(agpec: 12h, 6aHk 0)

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
MAX MAX MAX MAX MAX MAX MAX
SIZE6 SIZES SIZE4 SIZE3 SIZE2 SIZE1 SIZEO
out 7 6 5 4 3 2 1 6ut 0
out 7 3ape3epBnpoBaHO
6uT 6...0 MAXSIZESG... MAXSIZEOQ: MakcumanbHbI pa3mep naketa BTOpPon
OKOHEYHOW TOYKM

Obo3HavyeHus:

R = 6ut ang yteHusa; W = OUT ¢ BO3MOXXHOCTbIO 3aruncu;

U = 6uT He peanunsoBaH, YntaeTcs kak O;

-n = 3Ha4yeHune 6uta nocne copoca No BKNHYEHUIO NMUTAHWS:
1 = yCcTaHOBNEH,;
0 = cOpoLueH;
X = 3Ha4YeHne He U3BECTHO.

Tab6nuua 61
Pernctp koHdurypaumm nepson okoHeyHon Toukn EP1 CFG2 (agpec: 11h, 6aHk 0)
U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0
BLOCK_ | TYPE1_E | TYPEO_E | MODE2_ | MODE1_ | MODEOE
) EP1 P1 P1 EP1 EP1 P1 )
out 7 6 5 4 3 2 1 6ut 0
our 7 3ape3epBMpoOBaHO
ouT 6 BLOCK_EP1:

1 = 6noknpoBaHne paboTbl 1-1 OKOHEYHOW TOYKM.
0 = pasbnoknpoBaHue paboTbl 1-1 OKOHEYHOW TOYKN

our 5, 4 TYPEL1 EP1, TYPEO EPL1: Transfer Type. Tun obmeHa:
00 = Interrupt Transfer,

01 = Isochronous Transfer,

10 = Bulk Transfer,

11 = HegonycTMMO

out 3,2,1 MODE2_EP1...MODEO_EP1: Endpoint Mode. Pexxum paboThl
OKOHEYHOW TOYKM:

000 = okOHeYHas To4Kka OTKIYeHa,

001 = IN okoHe4YHas Touka,

010 = OUT okoHe4Hasa To4ka,

ocCTarnbHble — He4OMYCTUMO

out 0 3ape3epBMpoOBaHO

Ob6o3HavyeHus:

R = 6ut anga yteHus; W = 6UT ¢ BO3MOXHOCTbIO 3arucu;

U = 6uT He peanuaoBaH, YntaeTcs kak 0;

-n = 3Ha4YeHne 6uTa nocne cbpoca no BKAOYEHUO NMUTAHUA:
1 = ycTaHoBIEH;
0 = cbpouueH;
X = 3Ha4YeHne He U3BECTHO.
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Tabnwuua 62
Pernctp kKoHcurypaumm sBTopon okoHevHon Toukn EP2 CFG2 (agpec: 13h, 6aHk 0)
u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0
BLOCK _ TYPE1_ TYPEO_ MODE2_ MODE1_ MODEO_
EP2 EP2 EP2 EP2 EP2 EP2
ont7 6 5 4 3 2 1 out 0
our 7 3ape3epBMpoBaHO
o6uT 6 BLOCK_EP2:
1 = 6nokmnpoBaHme paboTbl 2-1 OKOHEYHOWN TOYKM.
0 = pa3bnokmpoBaHme paboTbl 2-1 OKOHEYHOW TOYKM
out 5, 4 TYPE1 _EP2, TYPEO _EP2: Transfer Type. Tun obmeHa:
00 = Interrupt Transfer,
01 = Isochronous Transfer,
10 = Bulk Transfer,
11 = HegonycTMMo
ourt 3, 2,1 MODE2_EP2...MODEO_EP2: Endpoint Mode. Pexum paboTbl
OKOHEYHOW TOYKMU:
000 = okOHEeYHasa To4YKa OTKITIHYEeHa,
001 = IN okoHeYHasa To4ka,
010 = OUT okoHe4Has Touka,
ocTarnbHble — HEAOMNYCTUMO
out 0 3apes3epBMpoOBaHO
Ob6o3HavyeHus:
R = 6ut ang yteHus; W = OUT C BO3MOXXHOCTbIO 3arnuncu;
U = 6uT He peanuaoBaH, Yntaetcs kak 0;
-n = 3Ha4YeHune 6uTta nocne cbpoca no BKAOYEHUIO NMUTAHUA:
1 = ycTaHoBIEH;
0 = cbpouueH;
X = 3Ha4YeHne He U3BECTHO.
Pezucmp 0aHHbIX OKOHEYHbIX MOYeK
Tabnuua 63
Pernctp gaHHbIx nepson okoHeyHon Todkn EP1 REG (agpec: 10h, 6aHk 2)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DATA7 DATAG DATAS DATA4 DATA3 DATA2 DATA1 DATAO
ont7 6 5 4 3 2 1 ont 0
onr7...0 DATA7...DATAO: USB Data. Peructp ansi 3anucu gaHHbIX
nepegasaembix No USB, nnu 4yteHnsa gaHHbIX nonyyeHHbix no USB
Obo3Ha4yeHus:

R = 6ut anga yteHus; W = 6UT C BO3MOXHOCTbIO 3amnuUcH;

U = 6uT He peanuaoBaH, YntaeTcs kak 0;

-n = 3Ha4YeHune 6uTa nocne cbpoca no BKAOYEHUIO NMUTAHUA:
1 = ycTaHoBIEH;
0 = cbpouueH;
X = 3Ha4YeHne He U3BECTHO.
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Tabnuua 64
Pernctp gaHHbIx BTOpor okoHeyHoun Tovkn EP2_REG (agpec: 11h, 6aHk 2)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

DATAY DATAG DATAS DATA4 DATAS DATAZ2 DATA1 DATAO

out 7 6 5 4 3 2 1 out 0

our7...0 DATAY7...DATAO: USB Data. Pernctp ans sanucu gaHHbIX
nepegasaembix No USB, nnu 4yteHnsa gaHHbIX nosy4yeHHbix no USB

Obo3HavyeHus:

R = 6ut ang ytedus; W = OUT ¢ BO3MOXXHOCTbIO 3aruncu;

U = 6uT He peanuaoBaH, YntaeTcs kak 0;

-n = 3Ha4yeHune 6uta nocne copoca No BKINHYEHUIO NMUTAHWS:
1 = yCcTaHOBNEH,;
0 = cOpoLueH;
X = 3Ha4YeHne He U3BECTHO.

Pezaucmpsbi adpeca nosisi 0eckpunmopa u 0aHHbIx 0ecKkpunmopa

Tabnwuua 65
Pernctp agpeca nons geckpuntopa DESC ADR (agpec: 10h, 6aHk 1)
U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
- ADRG6 ADRS5 ADR4 ADR3 ADR?2 ADR1 ADRO
ont 7 6 5 4 3 2 1 out 0
our 7 3ape3epBMpoBaHO
6uT6...0 ADRG... ADRO: Descriptor Field Address. Agpec nonsa geckpunropa
ANsa JoCTyna Ha 3anucb UNN YTeHne
Obo3Ha4yeHus:
R = 6ut ang yteHus; W = OUT C BO3MOXXHOCTbIO 3aruncu;
U = 6uT He peanun3oBaH, YntaeTcs kak 0;
-n = 3Ha4yeHune buta nocne cbpoca No BKYEHUIO MUTAHWUS:
1 = ycTaHoOBnNEH,;
0 = cOpoLueH;
X = 3Ha4YeHue He N3BECTHO.
Tabnuua 66

Pernctp gaHHbix nonga geckpuntopa DESC DATA (agpec: 11h, 6aHk 1).

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

DATA7 DATAG DATAS DATA4 DATAS DATAZ2 DATAl DATAO

our7 6 5 4 3 2 1 out 0

our7...0 DATAY...DATAO: Descriptor Data. 3Ha4yeHve nons geckpuntopa Ans
3anncy Unn YTeHus

Obo3Ha4yeHus:

R = 6ut anga yteHus; W = OUT C BO3MOXHOCTbIO 3amnucH;

U = 6uT He peanuaoBaH, YntaeTcs kak 0;

-n = 3Ha4YeHne 6uTa nocne cbpoca no BKIHOYEHUO NMUTaHUA:
1 = ycTaHoBIEH;
0 = cbpouueH;
X = 3Ha4YeHne He U3BECTHO.
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ABTOMaTU4eckana nHmumanusauua USB nHtepdenca

Ana aBTomatmnyeckon uHuumanusaumm USB  wuHTepdenca npuv  nNoaknoyeHun
YCTPOWCTBA K XOCT-KOHTpOsnepy Heobxoanumo:
e BblOpaTb KOHUIrypaumo OKOHEYHbIX TOYEK;
e 3aMnOSIHUTb B COOTBETCTBUN C KOH(pUrypaumen OKOHEYHbIX TOYEK AECKPUNTOP;
e 3a7aTb pexum pabotbl USB ycTponcTBa;
e paspeLwwmnTb paboTty 6noka USB.

MHuumanmsaumss ycTpOWCTBa, BkMovawwas B cebs Bblgayvyy XOCT-KOHTpoOnnepy
WHpopmMauunm O  Jeckpuntope  YCTPOWCTBA,  MOMyYeHUss  OT  XOCT-KOHTponsnepa
PYHKUMOHANbLHOIrO agpeca WM agpecaumm YCTPOWCTBA, KOHMUrypupoBaHue YCTPOMCTBA
npoucxoguTt aBToMatMyeckn. B xoge wuHuumanusaumm 6nok koHTponnepa USB otpaxaet
Tekyllee COCTOSAHWEe NocpeacTBOM pPerncTpoB ctaTyca u owunbok. Nporpamma, BbiNnonHAeMas
Ha MUWKPOKOHTpOMMepe [AOSPKHa OTCrexmBaTb COCTOSHMe 6roka koHTponnepa USB, a B
crly4yae BO3HMKHOBEHUS OWIMOOK MPUHATbL Mepbl NO MX McnpaBneHuto. bnok-cxema paboTbl
MUKpPOKOHTponnepa npu 3anycke USB nHtepgenca npusegeHa Ha Puc. 55.

C MomMmeHTa noacoeduHEHUs MUKPOKOHTposifiepa K XOCT-KOHTPOSSiepy OO MOMEHTa
Ha4ana aBToMaTU4YEeCKON UHULManu3aumm npongeT He meHee 500 mc. 3a 3TO BpemMsi AOSMKHO
BKMIOYMTBCA MNUTAHWE MWUKPOKOHTPONNEpa, 3anyCTUTbCA SOPO WM HavaTb  BbINOSHATLCA
nporpaMmma (B criydae ecnum MMKPOKOHTPOSNEp nonyyaeT nutaHne oT wuHebl USB). Nporpamma
AOJDKHA ycneTb 3afaTb MNOSib30BaTENbCKUA  OECKPUNTOP, CKOHMUIrypupoBaTb OKOHEYHble
TOYKKW, 3adaTb pexum paboTbl 6noka u paspewnTb ero paboty. WM3HavanbHO 6nok
KoHTpornnepa USB agpecyeTcsa XOCT-KOHTPOSINEPOM MO HyNeBoMy YHKUMOHANbLHOMY afpecy.
B npouecce aBTomMaTM4eCKOM MHULMANM3aUnmM XOCT-KOHTponnep 3agaet 6roky KoHTponnepa
USB yHuKkanbHbIM (OyHKUMOHaNbHLIM agpec. [locne 4vero obpawaetca K 6noky TOMbKO Mo
aTomy agpecy. Nocne HazHayYeHUs (PyHKLUMOHaNBHOro agpeca, ero 3HayeHne otobpaxkaeTcs B
peructpe USB_ADR, a B peructpe USB_STAT BbicTaBnsetca c¢nar ADR_SET. [llocne
aBTOMaTU4eCcKon mHMumanuasaumm gparneep USB ycTponcTtBa paboTatowmin Ha CTOPOHE XOCT-
KOHTpoOsfepa OOMKEeH 3aaaTb KOHurypaumio n nHtepdenc 6noky koHtponnepa USB. NMocne
3agaHusa koHdurypaumm B permctpe USB_STAT BuictaBnsetcsa ¢nar CONF_SET. lNocne
BbICTaBfieHUs1 AAHHOro dara nporpaMmma, BbINOMIHAEMasd Ha MUKPOKOHTPOSSiepe, MOXeT
NpUCTYNUTL K NpueMy W nepedadvye AaHHbIX B COOTBETCTBUM C oOLen normkon paboThbl
yCTpOKcCTBa.
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Bkntoyenvie nutanns
MUKpOKOHTponnepa. Cépoc
curHana POR. 3anyck
aapa.

3anonHeHve
nonb30BaTeNbCKoro
AeckpunTopa

ABTOMaTU4eCKas
MHUUManusaums

{} 3anpoc aeckpunTtopa 3anpoc aeckpunTtopa
XOCT-KOHTPOSSIEPOM ?’> XOCT-KOHTPOMSIEPOM
3anaHme KoHdUrypaLmum GET DESCRIPTOR GET DESCRIPTOR
OKOHEYHBIX TOYEK {} {}
{} Bblpava Bblgava
MWKPOKOHTPONNEpOM MWKPOKOHTpPOINEpoOM
3apaHue pexvima paboTbl [feckpunTopa [AeckpunTtopa
6noka USB11 n IN IN
paspeLueHve ero paboThbl {} {}
Hynesoit naket ot Hynesoit nakeT ot
XOCT-KOHTponnepa XOCT-KOHTpornepa
ouT ouT
Reset o1 xocT-koHTpONnepa 3anpoc KoHdburypawmm
10 ms XOCT-KOHTPONNEpoM
{} GET CONFIGURATION
3agaHune yHKUMOHaNbLHOro Bbigava
afgpeca
MWKPOKOHTPOMNEPOM
XOCT-KOHTpONnepom KOHEUTypaLM
SET ADDRESS IN
Hynesoit naket ot Hynesoit nakeT ot 3apgaHue koHdUrypaumm
XOCT-KOHTponnepa XOCT-KOHTpornepa [ApaiiBepoM ycTpoinTcea
ouT ouT SET CONFIGURATION

Pa6oTa c USB
VHTepdencom

Puc. 55 brnok-cxema paboTbl MUKpOKOHTpoOsnepa npu 3anycke USB nHTepgenca

3apaHue nonb3oBaTenbckoro onucartensa USB ycTtponcrtBa

Kaxxgoe USB yctponctBo umeet cobctBeHHoe onucaHue (Descriptor). OnucaHue
CAYXWUT ANng TOro, 4YTO MpW MOAKMIOYEHUN YCTPOMCTBA K XOCT KOHTPONMepy, XOCT CMOor
NOMy4YnMTb OCHOBHYHO MHGOpMaunio 06 YCTPOMCTBE, O YMCIEe OKOHEYHbIX TOYEK, O pa3mepax
Oydepos 1 npoyee. [1na aToro pa3paboTynk B COOTBETCTBMM CO cneundunkaumen wmHsl USB n
3anoXeHHblMM B padpabaTtbiBaeMoe YCTPOMCTBO BO3MOXHOCTSAMM AOMKEH 3anofiHUTb
onucatenb B COOTBETCTBMM C Tabnuuen Huxe (Tabnuua 67). 3anonHeHue onucatens
npounssogutca nocpeactsom 3anncu B pernctpsl DESCR_ADR 1 DESCR_DATA. YcTaHoBuB B
pernctpe DESCR_ADR apgpec HyxHoro nons, B pernctp DESCR_DATA 3anucbiBaetcs ero
3Ha4veHune. 3anonHeHne onMcaHus AoMKHO NPOM3BOANTLCSA OO0 BKIHOYEHMS 6noka KoHTponnepa
USB.
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Tabnuua 67
Heckpuntop USB ycTtponctea

Anpec

nons

O6o3HayeHMne

Oobsn3a-
TenbHoe
3HayeHue

PekomeH-
ayemoe
3HauyeHue

OnucaHue

Standard Device Descriptor

bLength

h18

Pasmep aToro geckpunrtopa B 6amnTax.

bDescriptorType

hOo1

Tun geckpuntopa — DEVICE.

N[O

bcdUSB

hoO

Howmep Bepcun USB cneundmkaumm B
OBOWNYHO-OECATMYHOM KogMpoBaHum (T.e., 2.10
o6o3Ha4vaeTca kak 210H). 370 none
obo3HavaeT penn3 USB cneundukaumm
KOTOPOMY COOTBETCTBYET YCTPONCTBO

bcdUSB

h10

bDeviceClass

hFF

Kopg knacca (HasHavaetca USB).

Ecnu aTo none cbpackiBaeTCcs B HOSMb, KaXObli
NMHTepENC B pamkax gaHHOM KOHurypauum
onpegensieTca CBOMM COOCTBEHHbBIM Kaccom
N pasnnyHble MHTepdencol paboTtaroT
He3aBucumo. Ecnv none nveet 3HaveHue oT 1
no FEH, To yctponcTBo nogaepxusaet
pasfnnMyHble Knaccebl cneumdurkanmm Ha
pasnn4yHble NHTepPdENCHI U pasfnnyHble
NHTEPMENCHI HE MOTYT (PYHKLMOHNPOBATb
He3aBUCUMO. DTO 3HaYeHWe onpeaenseT
Knacc, ucnonb3yembii Anst 06beaNHEHHbIX
nHTepdencos. Ecnn 3HadeHne nona FFH, To
Knacc ycTponcTaa - vendor

bDeviceSubClass

h0oO

Koa nogknacca (HasHavaetca USB).

OTu Koadbl ONpedensaTcs 3Ha4eHNeM Nons
bDeviceClass field. Ecnu none bDeviceClass
HyneBoe, 3TO Nosie TakK e AOIMKHO ObITb
HyneBbiM. Ecnin bDeviceClass He
yctaHoBneHo B FFH, Bce 3HavyeHus
3ape3epBUPOBaHbl AN Ha3HAYeHUs Yepes
USB

bDeviceProtocol

hFF

Kog npotokona (HasHayaetca USB).

OTOT KOA onpeaensieTcs 3HaYeHNsIMN Nornen
bDeviceClass n bDeviceSubClass. Ecnu
YCTPOWCTBO noaaepxusaet class-specific
protocols on a device basis as opposed to an
interface basis, 3TOT Kog onpegenseT
NPOTOKOJ1, KOTOPLINA YCTPONCTBO UCNONb3yeT
Kak onpeaeneHo B cneumdurkaumm knacca
ycTponcTtea. Ecnu aTo none cbpoLleHo B
HOMb, TO YCTPONCTBO HE Ucnosnb3yeT class-
specific protocols on a device basis. B nio6om
crny4ae OHO MOXeT UCNonb3oBaThb class-
specific protocols on an interface basis. Ecnu
none ycraHosneHo B FFH, To yctponcteo
ncnone3yet vendor-specific protocol on a
device basis
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Anpec O6sa3a- | PekomeH-
nons O6o03HavyeHue TenbHoe | Agyemoe OnucaHue
3HayeHue | 3HayYeHue
7 bMaxPacketSize0 h08 - MakcumanbHbIM pasMmep nakeTa gnsi Hyneeom
OKOHEYHOWN TOYKM
8 idVendor - h34 Vendor ID (HasHaveHHbI USB)
9 idVendor - h12
10 idProduct - h78 Product ID (HasHa4yeHHbIN Nponu3BoaUTENEM)
11 idProduct - h56
12 bcdDevice - h0o Homep Bepcum ycTponcTea B 4BONYHO-
OECATUYHOM Koae
13 bcdDevice - h0O0
14 iManufacturer - ho1l YkasaTernb CTPOKM gecKpunTopa
onpegensoLero NnponssoanTens
15 iProduct - h02 Ykasatenb CTPOKU geckpuntopa
onpegensoLwero NpoayKt
16 iSerialNumber - h03 YkasaTernb CTPOKM gecKpunTopa
onpenensaoLero cepuiHbiin Homep
yCTpONCTBa
17 bNumConfigurations h01 - Konn4ecTtBo BO3MOXHbIX KOHdMrypaumm
Standard Configuration Descriptor
18 bLength h09 - Pasmep aToro geckpunrtopa B 6antax
19 bDescriptorType h02 - Tun geckpuntopa — CONFIGURATION
20 wTotalLength h20 - O6Las AnvHa gaHHbIX BO3BpaLlllaeMbIX
OaHHOW KOHUrypauunen. Bknroyasa gnuHy Bcex
AECKPpMNTOPOB
21 wTotallLength h0O0 -
22 bNuminterfaces h0o1 - KonnyectBo nHTepdencos, nogaepxnsaemblx
OaHHOW KOHurypaumnen
23 bConfigurationValue ho1l - 3HayeHne, Cnonb3yemoe Kak aprymeHT ang
SetConfiguration 3anpoca ans seibopa aTon
KOHUrypaumm
24 iConfiguration h0O0 - YKasaTtenb Ha CTPOKYy AeCKpunTopa,
ONUCBIBAIOLLYIO 3TY KOH(pUrypaumo
25 bmAttributes - hCO XapakTepuCTUKM KOHbUrypawmm:
D7: 3apesepBrpoBaHo (YCT. B eANHNLY)
D6: =1, ecnu ecTb cOOCTBEHHOE NMUTaHWe
D5: =0
D4..0:=0
26 MaxPower - hAO MakcumanbHasi MOLLHOCTb, NoTpebnsiemas
YCTPOWCTBOM, OT WuHbl USB. Yka3sbiBaeTcs B 2
MA eguHuuax, T.e. 50=100 mA
Standard Interface Descriptor
27 bLength h09 - Pa3mep aToro geckpuntopa B 6antax
28 BDescriptorType h04 - Tun geckpuntopa — INTERFACE.
29 binterfaceNumber h0oO0 Homep nHTepdenca. Zero-based 3HayeHue,
yKasblBatoLlee Ha UCnosib3yeMbli MHTEpPdENC
N3 MHOXeCTBa Noaaep>XnBaeMbix
KOHpurypauunen uHtepgencos
30 bAlternateSetting h0O - 3HauyeHune, ncnonb3yemoe And Bbibopa
anbTepHaTMBHOIO MHTepdenca
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Anpec

nonsa

O6o03HavyeHue

O6s3a-
TenbHoe
3HavyeHue

PekomeH-
ayemoe
3HavYeHue

OnucaHue

31

bNumEndpoints

ho4

KonnyecTBO OKOHEYHbIX TOYEK, NCMOSb3YEMbIX
AaHHbIM UHTEePdENCOM (UCKMOYas HYNEBYIO
OKOHEYHy0 TOYKY). Ecnin 910 3HaveHune
HyrneBoe, 3TOT UHTeppenc MoXeT
ncnonb3oBaTbCA Tonbko kKak Default Control
Pipe

32

binterfaceClass

hFF

Kopg knacca (HasHa4aetca USB).

HyneBoe 3HayeHne 3ape3epBMpPOBaHO AN
Oyaywen ctaHgapTusauun. Ecnn none
ycTaHoBneHo B FFH, knacc nHtepgenca -
vendor. Bce ocTtanbHble 3Ha4YeHus
3ape3epBUPOBaHbI AN Ha3Ha4YeHus 4vepes
USB

33

binterfaceSubClass

ho1

Koa nogknacca (HasHadaeTtca USB).

OTOT KOO onpeaensieTcs nofem
binterfaceClass. Ecnu none binterfaceClass
cOpOLLIEHO B HOJMb, 3TO NMOME AOMKHO TaKkKe
6bITb cOpoweHo B 0. Ecnun none
binterfaceClass He yctaHoBneHo B FFH, Bce
3Ha4YeHuMs 3TOro Nonsi 3ape3epBUpPOBaHbI Ans
Ha3Ha4yeHus Jyepe3 USB

34

bInterfaceProtocol

hFF

Kog npotokona (HasHavaetca USB).

OTOT KOA onpefensieTcs NonsiMu
binterfaceClass u binterfaceSubClass. Ecnu
MHTepdenc nogaepxusaet class-specific
3anpocskl, 3TOT Ko onpeaensieT NpoTOKOfbl,
KOTOpble NCMOMb3yeT YCTPONCTBO Kak
onpezeneHo crneuundukaumen knacca
ycTponcTea. Ecnm 310 none cOpoLeHo HoMb,
TO YCTPOWCTBO HE Mcnonb3yeT class-specific
NPOTOKOM Ha aToM nHTepderce. Ecnn ato
none ycraHoesneHo B FFH, To yctponcteo
ncnone3yet vendor-specific npoTokon Ans
3TOro nHTepdenca

35

ilnterface

h0oO

YKasaTternb Ha CTPOKY AeCcKpunTopa,
OMUCbIBaKOLLYIO 3TOT UHTepdENC.

Standard Endpoint 1 Descriptor

36

bLength

hOo7

Pa3mep aToro geckpuntopa B 6antax

37

bDescriptorType

h05

Twun geckpuntopa — ENDPOINT.

38

bEndpointAddress

h81

Afpec okoHeYHon Toukm ycTponctea USB,
OMNMUCAHHOro B 3TOM AecKpunTope:

Bit 3...0: Homep oKOHEeYHOW TOYKM.

Bit 6...4: 3apesepBuposaHo, cbpacsiBaeTcs B
HOMb.

Bit 7: HanpaBneHue nepenayn, urHopupyeTcs
ans control Touek (0 = OUT okoHeuvHasi TOYKa,
1=IN oOKOHeYHad To4ka)
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Anpec

nonsa

O6o03HavyeHue

O6s3a-
TenbHoe
3HavyeHue

PekomeH-
ayemoe
3HavYeHue

OnucaHue

39

bmAttributes

ho3

OT0 none coaepXut atpnbyTbl OKOHEYHbIX
TOYEK, KOoraa OHU CKOH(PUIrypmpoBaHb! B
bConfigurationValue.
But 1..0: Tvn nepenayu:

00 = Control

01 = Isochronous

10 = Bulk

11 = Interrupt
OcTtanbHble 6uTbl 3ape3epBUPOBaHbI

40

wMaxPacketSize

h0o8

MakcumanbHbIN pasMmep nakeTa, KOTopbli
MOXEeT MPUHATL UNKW NepefaTb 3Ta ToYKa, He
Gonee 64

41

wMaxPacketSize

h0oO0

42

Binterval

ho1

MHTepBan onpoca OKOHEYHON TOYKN ANns
nepegayn gaHHbIX (B MUNNMCEKYHOaxX). OTO
none urHopupyetcsa ans bulk and control
OKOHeYHbIX To4ek. [1nsa isochronous To4kK
AOIMKHO ObITb ycTaHoBrneHo B 1. [na interrupt
TOYEK MOXET MMETb 3Ha4veHue ot 1 go 255

Standard Endpoint

2 Descriptor

43

bLength

ho7

Pasmep aToro geckpunrtopa B bantax

44

bDescriptorType

h05

Tun geckpuntopa — ENDPOINT.

45

bEndpointAddress

ho2

Afpec okoHeYHon Toukm ycTponctea USB,
OMNMUCaHHOro B 3TOM AecKpunTope:

Bit 3...0: Homep OKOHEYHOW TOYKMW.

Bit 6...4: 3apesepsupoBaHo, cbpackiBaeTcs B
HOMb.

Bit 7. HanpaeneHune nepegayn, urHopmpyetcs
ans control Touek (0 = OUT okoHeuvHas Touka,
1=IN OKOHe4YyHas TOYKa)

46

bmAttributes

h03

OT0 norne cogepXuT aTpmbyTbl OKOHEYHbIX
TOYEK, KOraa OHU CKOH(UIrypmpoBaHb! B
bConfigurationValue.
but 1..0: Tvn nepegayu:

00 = Control

01 = Isochronous

10 = Bulk

11 = Interrupt
OcrtanbHble 61TbI 3ape3epBMpOBaHbI

47

wMaxPacketSize

h0o8

MakcumanbeHbI pasMmep nakeTa, KOTopblv
MOXET NPUHATL UK NepeaaTtb 3Ta To4Ka, He
Bonee 64.

48

wMaxPacketSize

h0oOo

49

Binterval

ho1

MHTepBan onpoca OKOHEYHOW TOYKM NS
nepegayv AaHHbIX (B MUNnMcekyHaax). 1o
none urHopupyetca ansa bulk and control
OKOHeYHbIx To4ek. [1nsa isochronous To4kK
AOMKHO 6bITb ycTaHoBrneHo B 1. [ins interrupt
TOYEK MOXET MMeTb 3Ha4veHue ot 1 go 255
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Anpec O6sa3a- | PekomeH-
nons O6o03HavyeHue TenbHoe | Agyemoe OnucaHue
3HayeHue | 3HaYeHue
Standard Endpoint 3, 4 Descriptor
50-56 AHanorm4Ho Ans geckpuntopa 3 OKOHEeYHOM
TOYKM
57-63 AHanornyHo Ansa geckpuntopa 4 oKOHEeYHOM
TOYKM
Codes Representing Languages Supported by the Device
64 bLength h08 - Paamep aToro geckpunrtopa B 6antax
65 bDescriptorType h03 - Tun geckpuntopa — STRING
66 WLANGIDIQ] - h09 LANGID code 0
67 WLANGIDI[1] - h04
68 WLANGID[2] - h09 LANGID code 1
69 WLANGIDJ[3] - h04
70 WLANGID[4] - h09 LANGID code 2
71 WLANGIDI[5] - h04
UNICODE String 1 Descriptor
72 bLength hOA - Pasmep aToro geckpunrtopa B 6anTax.
73 bDescriptorType h03 - Tun peckpuntopa — STRING
74 BString[0] - h0O0 UNICODE encoded string
81 BString[7] - h00
UNICODE String 2 Descriptor
82 bLength hOA - Pa3mep aToro geckpvntopa B 6antax
83 bDescriptorType h03 - Tun peckpuntopa — STRING.
84 BString[0] - h00 UNICODE encoded string
91 BString[7] - h0O0
UNICODE String 3 Descriptor
92 bLength hOA - Paamep aToro geckpunrtopa B 6antax
93 bDescriptorType h03 - Tun geckpuntopa — STRING
94 BString[0O] - h00 UNICODE encoded string
101 BString[7] - h0O0
UNICODE String 4 Descriptor
102 bLength h1A - Pasmep aToro geckpunrtopa B 6antax
103 bDescriptorType h03 - Tun geckpuntopa — STRING
104 BString[0] - h0O0 UNICODE encoded string
127 BString[23] - h0O0
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Pexum nepepaum IN

B pexume nepegmaun IN, pOaHHble nepegpaldTCA OT  MUKPOKOHTposnsepa K XOCT-
KOHTponnepy (cm. Puc. 56). XocT-koHTponnep BblgaeT Ha wuHy USB naket Ttuna IN, c
yKazaHMeM (YHKLMOHANbHOro azgpeca YCTPOMCTBA U HOMepa OKOHEYHOW TOYKM K KOTOPOW
obpawjaetca. B oTBeT yCTpOMCTBO, KOTOPOMY B Mpouecce WHuuunanusauuu, 6bin NpucBOeEH
AaHHbIM agpec JormkHO BbicTaBuTb nakeT tmna DATAO wvnu DATA1 mn B none OaHHbIX
nepenartb AaHHble, KOTOpble ObiNu 3apaHee 3anucanbl B FIFO ouepeab okoHe4HoOW TOuku. B
OTBET, MOCMe MONyyYeHUs AaHHbIX, XOCT-KOHTponnep BblgaeT nakeT Tvna ACK. [daHHble
cuuTarTcsa nepegaHHbIMU.

Bo Bpemsa nepegaun MOryT BO3HWKHYTb KakMe NUMOO KOMNua3mm 1M owmnbku, Hanpumep,
OLNBKN KOHTPOSTIbHBLIX cyMmM CRC5 nnu CRC16, obpalyeHus K HecyLweCTBYHOLWMUM OKOHEYHbIM
TOYKaM, OTCYTCTBME Yy YCTPOWCTBA, K KOTOPOMY ObBpaLlaeTCca XOCT-KOHTPOMnep, AaHHbIX Ans
nepegayv n T1.n. B aTOM crniydyae, AaHHble CYUMTAKOTCA He nepefaHHbIMWU, U CUTyauumn Takoro
pona obpabaTbiBatoTcsi 6Gr1okom KoHTponnepa USB aBTomatmyecks B 3aBUCMMOCTM OT Tuna
obmeHa.

XoCT-KOHTpOnnep KoHTponnep
\\% SYNC SOP Frame CRC5 EOP
00000001 O0xA5 0x143 0x12 001
SYNC IN ADDR | ENDP CRC5 EOP
00000001 0x87 0x2 0x2 0x12 001
SYNC DATAO0/1 DATA CRC16 EOP
00000001 0xC3 0x1234 001
SYNC ACK EOP
00000001 0x4B 001

Puc. 56 Pexum nepegaum IN

Mpn nonyyeHun OGnokom koHTponnepa USB oT xocT-koHTponnepa naketa tuna IN.
KoHTponnep USB, HauuHaeT nocnepoBaTenbHO u3enekatb M3 FIFO ovepean okoHeyHom
TOYKM OaHHblE W, KOOMPYS NepefaBaTb MX, 40 TeX nop noka nubo He GyayT M3BNeYeHbl BCe
AaHHble, NMbOo He OyaeT npeBblleH MakcMMarbHbI pa3mep nakeTa. Nocne yero nepepaya
nakeTta npekpatutcs. B crniyyae nNpuHATMA OaHHbIX XOCT-KOHTPOMNEpoM, M ByaeT BbiCTaBreH
naket nogreepxaeHus ACK. lNocne nony4eHnsa oT XocT-KoHTpornnepa naketa tuna ACK, 6nok
KoHTponnepa USB 3adumkcupyeTt cdakt nepegayum, u gaHHble OyayT cumtaTbCs NnepegaHHbIMU.
Mpegnonoxum, 4To MNpu nepefaye AaHHbIX XOCT-KOHTPOMMepy npousowna owubdka, npu
KOTOpOW AaHHble ObInn He nepedaHbl. B aTom cnyyae 6nok koHTponnepa USB ocyuwiectBnsaet
«OTKaT» nepefayn, uU BoccTaHoBUT faHHble B FIFO ouepeaun. lMockonbky B npouecce
nepegaym gaHHblx no USB, aapo MUKpOKOHTpomnepa MoxeT npoaospkaTtb 3anonHAatb FIFO
oyepeab OKOHEYHOWM TOYKM, TO MOXET BO3HUKHYTb cuTyaumsa korga B FIFO ouepegun moxeT He
ocTaTbCA MecTa ANns BOCCTaHOBMEHUS He rnepefaHHbiX AdaHHbIX. B aTtom crnyvae, ecnu Bo
BpeMsi nepefadnm AaHHbIX 4ncrno cBoboaHbix syeek FIFO OygeT MeHblle MakcuManbHOro
pasmepa naketa, 6nok koHTponnepa USB 3abnoknpyeTt Bo3aMOXHOCTb 3anucu B FIFO gaHHbIX
CO CTOPOHbI sfapa U nepudepunHbiX YCTPOWUCTB, BbICTaBMB B PErMCTP cTaTyCca OKOHEYHOW
Toukn EPx_STAT donarn BLOCK n FULL.
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Pexxum nepepaun OUT

B pexume nepegaum OUT paHHble nepegawoTcsi OT  XOCT-KOHTpornnepa K
MUKpOKOHTponnepy (cm. Puc. 57). XocT-koHTponnep Bbligaet Ha wuHy USB nakeT Tuna OUT,
C yKasaHnmeM (pyHKUMOHaNbHOro ajgpeca yCTpOMCTBA U HOMepa OKOHEYHOM TOYKU K KOTOPOW
obpawaetcsa. Becnen 3a atum Bblgaetcs nakeT tuna DATAO wnn DATA1 n B none OaHHbIX
nepegatTca AaHHble. B oTBeT, nocne nonyyeHWs OaHHbIX, MUKPOKOHTPOMNEP BblAaeT nakeT
TMna ACK. [JaHHble cumnTaloTcsa nepegaHHbIMU.

B npouecce nepefjaunm MOryT BO3HWUKHYTb Kakme-nnbo Komnmuvsmm wnu  ownbkw,
Hanpumep, owunbkn KOHTpPorbHbIX cymm CRC5 unu CRC16, obpalleHus K HecyLwecTBYOLWMM
OKOHEYHbIM TOYKaM U1 T.n. B aToMm cnyyae 6nok koHTponnepa USB He Bblgact noaTeBepXxaeHns
nepenaym XoCT-KOHTponnepy, U gaHHble He ByayT cunmTaTbCs nepedaHHbiMU. B aTom cnydae
XOCT-KOHTPOSfep NoBTOpUT nepenady naketa ¢ tem xe tunom DATAO unu DATA1, yto 6bin y
He nepepgaHHoro naketa. OQHaAKO, MOXET BO3HWKHYTb CUTyaumd, korga 6nok KoHTponsepa
USB npuHan gaHHble, 1 0TBETUN XOCT-KOHTponnepy naketom tuna ACK. Ho xocT-koHTponnep
He NPUHAN JaHHOro nakeTta. To, B 9TOM crnyyae, XOCT-KOHTPOMnep Tak Xe noBTopuT nepegadyy,
HO Ha OCHOBaHWW TOro, YTo Groky koHTponnepa USB npuwen naket ¢ TeM e TUNOM YTO U
npegblaywnn npuHaTtein naket (DATAO wvnn DATA1), To gaHHble, nepegaBaemble B 3TOM
nakete, GyoyT NPOUrHOPUPOBAHbLI, HO XOCT-KOHTPOSNEpy MNOBTOPHO OyadeT BbldaH naket
noareepxaeHust ACK.

XoCT-KOHTponnep KoHTponnep

SYNC SOP Frame CRC5 EOP

00000001 O0xA5 0x143 0x12 001
SYNC ouT ADDR | ENDP CRC5 EOP

00000001 0x87 0x2 0x2 0x12 001
SYNC DATAO/1 DATA CRC16 EOP

00000001 0xC3 0x1234 001
SYNC ACK EOP

00000001 0x4B 001

Puc. 57 Pexum nepegaun OUT

Mpn nonyyeHun 6nokom KoHTponnepa USB oT xocT-koHTponnepa naketa tuna OUT,
OnoK nepexoanT B pexum npuema AaHHbix. Y npu nonyveHnn naketa tuna DATAO nnn DATA1
C OaHHbIMK, nocnegoBaTenbHO 3anuckiBaeT nx B FIFO ovepeab okoHeyHonm Touku. [Mocne
Nnosly4eHMUs1 KOHTPOSIbHOM CyMMbl, ecnn BygeTt obHapyxeHa owubka, 6nok USB BbINOMHUT
«oTkat» u yganut n3 FIFO ouepean paHHble, NONyyYeHHble ¢ owwnbkon. pu 3TOM XOCT-
KOHTponnepy He OGyaeT BbicTaBneH nakeT noateepxaeHuss ACK. Kpome TOro, B npouecce
npuema OaHHbIX, MOXET BO3HUKHYTb nepenoniHeHne FIFO odyepean OKOHEYHOW TOYKM, B 3TOM
cnyyae 650k KoHTporninepa USB Tak e BbINOSHUT «OTKaT» YXKe NPUHATBLIX OaHHbIX, @ XOCT-
KOHTponnepy He Bblgact noareepxaerHnss ACK. B aton cuTyaumm npegnonaraeTcs, YTo S4po
MUKPOKOHTpOMSIepa K Hadany noBTOpHoW nepefaun cumtaet u3 FIFO paHee npuHATbie
AaHHblIe, 4YTO MNO3BONUT KOPPEKTHO obpaboTaTb MNOBTOPHYI nepegady. [lockonbky sapo
MUKPOKOHTpONepa MoXeT unmtatb AaHHble n3 FIFO odyepean B npouecce npuema naketa, To
MOXeT BO3HWKHYTb cuTyauus, korga 6nok koHTponnepa USB 3anucan B ovepedb AaHHble,
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KOPPEKTHOCTb KOTOpPbIX HE MOXeT ObITb YCTaHOBNEHa [0 OKOHYaHWs nakeTa, a s4po
MUKPOKOHTpOMepa yXe HauynmHaeT ux cuyntbiBaTb. [na npefoTBpalleHnss 3TON KOMnuM3uun, Ha
BpemMms nony4veHns naketa tuna OUT, npu konnyecTtBe AaHHbIX B FIFO oyepean meHbLue Yyem
MakcumarnbHbI pasmep naketa, 6nokom koHTponnepa USB 6ypet 3abnokupoBaH AocTyn K
odyepean co cTtopoHbl agpa u B peructpe EPx _STAT 6yget BbictaBneH dnar BLOCK un
EMPTY.

Tun obmeHa: Interrupt Transaction

Mepepaun Tuna Interrupt moryt BbINOMHATECA B pexumax nepegdaydm IN n OUT.
Mepepaya ocyuwiecTBnsieTcs oamH pas 3a gpenm (1 Mc), YTO MUHUMAnNbHO 3arpyaeTt LUUHY
USB. lMNpu nepenaye gocraBka AaHHbIX rapaHTupyetcs. MNepegayum tuna Interrupt Transaction
MOrYT BbINONHATLCA B pexxmmax Low Speed m Full Speed.

Korga npuxogut naket Ttuna IN, 6nok USB MoxeT BO3BpaTUTb XOCT-KOHTPOSNepy
AaHHble, NAK unn STALL. Ecnn 6nok USB He MmeeT gaHHbIX, HEO6X0AMMbIX ANsi OTApaBKM
XOCT-KOHTposinepy, oH Bo3palwaetr NAK. Ecnn 6nok USB nepeseneH B pexum Halt, To oH
Bo3Bpaliaetr STALL. Ecnmn y 6noka USB ecTb faHHble, KOTOpble MOXHO nepegaTtb, TO OH
BO3BpalllaeT nakeT faHHbIX. [locne nonyvyeHnss AaHHbIX XOCT-KOHTposiepom 6e3 owmnbok, oH
Bo3Bpaluaet 6noky USB naket ACK. [laHHble cumTatoTcs nepegaHHbimu. Ecnm ACK ot xocT-
KOHTposnepa He Obin nonydveH, To 6nok USB BocctaHoBut B FIFO o4vepeau nepepaHHble
AaHHbIe N NOBTOPUT UX nepefadvy B cnepgyowem nakete. Korga npuxoaut naket tuna OUT,
6nok USB HauyvHaeT oxugatb nakeT ¢ gaHHbiMW. [lpu nonydeHun nakeTa AaHHbIX C
koppekTHbiM DATAO nnn DATA1T 1 KOHTPOSIbHOM CYMMOW, N BCE NOSTyYeHHble AaHHbIE CMOTIN
pasmectutbes B FIFO oyepean, To 6nok USB BosBpawaet xocT-koHTponnepy ACK. Ecnu xe
npounsowrna kakas-nmbo owmnbka B npuHumaemom nakete, mnn FIFO ouepean oKoHe4vHOM
TOYKM He XBaTWUNO ANSA BCeX AaHHblX, TO 6rok USB BepHeT xocT-koHTposnnepy NAK. Xoct-
KOHTponnep, nony4nB ot 6noka USB NAK, 6yget noBTopaTb nepegadvy OO Tex nop, Noka
nepefaya He OygeT BbINOMHEHa WM OocTaHoBneHa pabota. Ecnn 6nok USB nepeseneH B
pexum Halt, To oH Bo3Bpawiaet STALL. Takum obpasom, obecneunBaeTcsi rapaHTUpoOBaHHAA
AocTaBKka AaHHbIX.

IDLE

3aronoBok IN ouT
[aHHble unm DATAO/ DATAO/
OT1601n DATA1 NAK STALL DATAL
\ \ IDLE
MonTeepxaeHve
YNV OT60i ACK Ownbka NAK ACK STALL Ownbka
OaHHbIX OaHHbIX
L L IDLE
‘ XocT-KoHTponnep ‘ MwukpokoHTponnep

Puc. 58 Tun obmeHa Interrupt Transaction
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Tun oobmeHa: Bulk Transaction

Mepenauun tvna Bulk moryT BbINONHATLCA B pexnmax nepegaym IN n OUT. MNepenaya
MOXET OCYLLEeCTBMASATbCA MHOIOKpaTHO 3a oAauH dpenm (1 Mc) Hackonbko nossonseT obuias
3arpyeHHoCTb WuHbIl. [1py nepegade goctaBka AaHHbIX rapaHTupyeTtca. lNepenaym tuna Bulk
Transaction Moryt BbINONHATECA TOnbko B pexume Full Speed. Mo anroputmy paboTbl u
noaTBepXxaeHUsM npuHAaTMA AadHbix Bulk Transaction nonHocTbio aHanorudHbl Interrupt

Transactions.

IDLE

3aronosok IN ouT
[aHHble unu DATAO/ DATAO/
Ot6oit DATAL NAK STALL DATAL
\ \ IDLE
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —
Moatee eHune
ol ACK Owvbka NAK ACK STALL Ownbka
[aHHbIX [aHHbIX
L L IDLE
‘ XoCT-KOHTpornnep ‘ MwukpokoHTponnep

Puc. 59 Tun oomeHa Bulk Transaction
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Tun obmMmeHa: Isochronous Transaction

Mepepayun Tuna Isochronous mMoryT BbIMNOMNHATLECA B pexunmax nepegayun IN n OUT.
lMepepada MOXeT OCYLWECTBNATLCA MHOIMOKpPaTHO 3a OAVH (PperM HacKorbKOo MOo3BOSiseT
obLasn 3arpy>keHHOCTb WKHbI. [1pn nepefade AoCTaBKa AaHHbIX HE rapaHTUPYeTCs, Tak Kak He
npoucxoauTt noareepxaeHuin. MNMpu aToM obecnevmBaeTcss MakcumarnbHas flaTeHTHOCTb MNpu
nepegauun. lNepegaum tvna Isochronous Transaction MOryT BbIMOMHATLCA TOSIbLKO B pexume
Full Speed. [lo anroputmy pabotbl Isochronous Transaction He npegnonaratT
noagTeBepXxaeHue npuema faHHblX, YTO He NO3BOMSIeT rapaHTMpOoBaTh OOCTABKY AAHHbLIX U UX
uenoctHocTb. Ecnv npu npueme OaHHbIX BbiSBrEHa OWMOKa KOHTPOSIbHOW CyMMbl, TO BCe
AaHHble naketa ©Oyaoyt oTtbpoweHbl. Ecnv Bo BpemMs npuemMa [AaHHbIX MPOU3OLUIO
nepenonHeHne FIFO oyepean, To gaHHble He nomecTmBLumecd B FIFO 6yayT oT6poLleHb!.

IDLE

N

3aronosok IN ouT
[aHHble DATAO DATAO
IDLE
‘ XocT-KOHTponnep ‘ MwukpokoHTponnep

Puc. 60 Tun obmeHa Isochronous Transaction
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Cneuuaanble MoAYIIN MUKPOKOHTpPOIJIEepa
Pernctpbl KOHUrypaumm MUKpPpOKOHTpoOnnepa

Pernctpbl KOHUrypauum MUKPOKOHTPOSNepa HaxogAaTcs B NaMaTU nporpaMm U
3anucbiBaloTCa Npy NpPorpaMMMpPOBaHUN MUKPOKOHTposnepa (CMoTpute cneumndukaumio no
NPOrpaMmMmUpOBaHUIO).

3anucb GUTOB KOHpUrypaumm npou3BoauTcs MOOUTHO, MO COOTBETCTBYHOLMUM 3TUM
6utam agpecam cnos (Tabnuua 68) YteHne 6utos PM1, PM0O, WDTPS1, WDTPSO0, FOSC1 n
FOSCO BoamoxHo no ntobomy agpecy B gnanasoHe FEOOh-FEQO7h, a 6utos PM2 n BODEN no
nobomy agpecy B agnanasoHe FEO8h-FEOFh.
3HayeHnsa 6uToB koHurypaummn gybnupytotca B M3Y nporpamm no agpecam 7FFOh-7FFFh.
3HauveHnto 6uta =0 cooTBeTCTBYET 3Ha4eHne sdenkn MN3Y paBHoe FFFFh, a s3HayeHuto Guta
=1 - 3HadeHue gq4enkn paHoe 0000h. CooTBeTcTBME agpecoB s4veek [13Y 6Gutam
KOH(urypaumm ykasaHo B Tabnuue. O6bnactb namatm nporpamm 7FFOh-7FFFh pgoctynHa
TONbKO AS18 YTEHMS.

[pumeyaHue:

Ecnu B a4enkun ¢ agpecamun 7FF4h, 7FF6h n 7FFFh 3anucano sHayeHne FFFFh, To npu
«cbpoce» MUKPOKOHTPOSINEP NepenaeT B peXuM 3awuTbl Koga nporpamm, T.e. CYMTbIBaAHNE U
CTUpaHue namaATu nporpamm 3abrnokupyetcs. [Ons npegoTBpalleHus 3TOro Heobxoanmo
NPOU3BECTU CTUPaHME S4Yeek NaMsTh A0 NOCTYNNeHns curHana «copocy.

PexuM MWUKPOKOHTpoOnnepa C 3awuTorM KOOOB MNpPOrpaMmbl (PEXMM  «3aLLMLLEHHOro
MUKPOKOHTpOMepa») MNO3BOMSeT 3aWUTUTb COAEPXUMOE BHYTPEHHEW namATU nporpamm
MUKPOKOHTpOM/epa OT  CYUTbIBAHUS UM MOAMUKALUMW  BHELLHUM  YCTPOMCTBOM
(nporpammatopom). locne ycTaHOBKM 3TOro pexmma OnoknmpyeTtca gOCTyn nporpammMartopa K
BHYTPEHHEN NaMATU NPOrpamm, T.e. BbINOSIHEHNE Oonepauuin CTUpaHUs, YTeHus, Bepudmkalmm
1 3anucy NnamsaTu NporpaMm, a Takke perMcTpoB KOHUrypaumm, CTaHOBUTCA HE BO3MOXHbIM.
MWKPOKOHTpONNEP, HaxoOsAWMACA B «3alUMLLEHHOM» pexXume, UrHopupyeT BCEe KOMaHAbl,
nocTynawwme oT nporpaMmaTopa, W He oTBeyaeT Ha Hux. [lporpamma ynpaBneHus
nporpaMmMaTopoM B 3TOM Cllyd4ae He MOXEeT OonpefenuTb Hanuume nporpaMMmmpyemoro
MUKPOKOHTpOMepa 1 BbligaeT COOTBETCTBYIOLLYYHO OLUNOKY.
YcTaHOBKa pexnma «3allMLeHHOro MUKPOKOHTpOfepa» He BAMUSIET Ha BbINOSTHEHME KOMaHg,
MUKPOKOHTpOMsepa, OCyLLeCTBASWMX YTeHne/3anucek Tabnuy B namsatu nporpamm (TABLRD
n TABLWT). YcTtaHoBKa pexuma «3alMueHHOro MUKPOKOHTpomnfepa» He BNUSeT Ha
YHKUMOHNPOBAHME NporpamMMbl, 3annMcaHHON B NaMATb NPOrpaMmM MUKPOKOHTpOnepa.

lMepeBon MWKPOKOHTpOMSiepa B pPEXUM  «3aLUMULLEHHOrO  MUKPOKOHTpOsnepa»
NPOU3BOANTCA 3anNUCbI0 COOTBETCTBYHOLLEN KOMOMHauum GUTOB B pernmctpbl KOHdUrypaumm
MUKpOKOHTponsepa (Tabnuua 68).

BHumaHue!
Mepepn nporpaMmmMmpoBaHUeM MUKPOKOHTpoOInepa npoBepbTe NpPaBUIIbHOCTb
YCTaHOBJIEHHOM KOHdurypaumm MUKPOKOHTpoOsepa. YcTaHoBKa pexuma

«3alULLUEHHOr0  MUKPOKOHTponnepa» 3abriokupyeT BO3MOXHOCTb  MU3MEHeHus
COOEepPXUMOro BHYTPEHHEeM MNaMATM nNporpaMM  MUMKPOKOHTponnepa WU  ero
KOHdpurypaumm.
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Tabnwuua 68
PerncTtpbl KOHGUrypawmm MMKPOKOHTpOepa
FEOFh FEOEh
ont 15-8 ont7 6 5 4 3 2 1 ont 0
- PM2 BODEN - - - - - -

FEOG6h FEO4h FEO3h FEO2h FEO1h FEOOh

ont 15-8 ont 7 6 5 4 3 2 1 ont 0
- - PM1 - PMO WDTPS1 | WDTPSO | FOSC1 | FOSCO

PM2: 6ut 7, agpec
FEOFh

(suenka N3Y: 7FFFh)
PM1: 6ut 6, agpec
FEO6h

(suenka MN3Y: 7FF6hH)
PMO: 6uTt 4, agpec
FEO4h

(syenka MN3Y: 7FF4h)

PM2, PM1, PMO - 61Tkl BbIGOpa pexmnma MUKPOKOHTpOInepa:

111 = pexxum Mukponpoueccopa

110 = pexxMm MUKPOKOHTponepa

101 = pacLUMPEHHbIN PEXMUM MUKPOKOHTPOSINepa

000 = pexxMm MUKPOKOHTpOIepa C 3almnTon KogoB nporpaMmmbl (T.e.
3anpeT CYUTbIBAHUA COOEPXKMMOr0O BHYTPEHHEN NamMATh NporpaMm)

BODEN: 6uTt 6,agpec
FEOEh
(suenka M3Y: 7FFEh)

BODEN - Bknto4eHNe cxembl COpOCa MO CHUKEHMIO HANPSXKEHWUS
nUTaHUS:

1 = cxema BKIiloMeHa

0 = cxema BbIKNIOYEHa

WDTPSL1: 6ut 3,agpec
FEO3h

(suenka MN3Y: 7FF3h)
WDTPSO: 6ut 2,agpec
FEO2h

(suenka N3Y: 7FF2h)

WDTPS1, WDTPSO - Bblbop npeaaennrens «CTOPOXEBOro
Tanmepan:

11 = «CTOPOXEBOW TaMep» BKOYEH, npegaenurens = 1
10 = «CTOpPOXXEBOW TanMep» BKIOYEH, Nnpeaaenutens = 256
01 = «cTOpPOXEBOM TANMEP» BKIOYEH, NpegaenuTens = 64
00 = «cTOpOXEBOM TAaNMep» BbIKMOYEH, paboTaeT Kak 16-Tu
paspagHbIi TanMep nepenosiHeHNA

FOSC1: 6ut 1, agpec
FEO1h
(suenka MN3Y: 7FF1h)
FOSCO: 6uTt 0, agpec
FEOOh
(suenka MN3Y: 7FFO)

FOSC1, FOSCO - Bbibop pexunma TakTOBOro reHepartopa:

11 = EC — pexxumMm nogayum BHELHEro TakToBOro curHana,

10 = XT — reHepaTop C BHELIHMM KBapLIEBbIM UMW KEPAMUYECKUM
pesoHaTopoMm (4acTtoTa oT 2MI'y o 33 MI'y),

01 = RC reHepatop c yactotom o 4 My,

00 = LF — pabora Ha yactote USBCLK/2.

Obo3Ha4vyeHus:

- = 3ape3epBnpoBaHo. Yntaetcs kak 0.
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BHyTpucxeMHoe nporpaMmmMmpoBaHMe MUKPOKOHTpoOIepa

Ana  nporpammupoBaHust  BHyTpeHHen FLASH namatm  MUKpOKOHTponnepa
ncnonb3yeTca nocnepoBaTesbHbIn MHTepdenc. [nsa 3Toro 3agencTBYHOTCS CEMb BbiBOOOB
Mukpocxembl  (Tabnumua 69). O3OTO nos3BonsieT  NPOM3BOAUTL  NPOrpamMmMuMpoBaHue
MUKPOKOHTPOMSIEPOB YCTAHOBMEHHbLIX Ha nedvatHywo nnaty. [logpobHee cmoTpute B
crneumdukauumn No NPorpaMMmnpPoOBaHUIO.

Tao6nuua 69
BbiBOAbI, MCMOMNb3yeMble ANsi NPOrpaMMMpPOBaHMS

0603HaYeHME B pexume nporpammupoBaHus
Ha3Ha4yeHue Tun OnucaHune
PA2/RX/DT DT I/O | NocnepoBaTenbHblie AaHHbIE
PA3/TX/CK CK | [MocnegoBaTernbHblE TAKTOBbLIE MMMNYIbChI
PA1/TOCLK OSCI I Bxopf cuHXpoHM3aLmMm MUKPOKOHTpONepa
TEST TEST I Bxopa Bblbopa TeCTOBOro pexuma
MCLR/UPP MCLR/UPP P HanpsihkeHne nporpamMmMmpoBaHns
uDD uDD P HanpsikeHne nutaHus
USS USS P «3emna»

MporpammaTop obecneymBaeT hopMmnpoBaHMe HeEOOBXOAMMBIX ANt NPOrpamMMUpPOBaHNS
CUTrHanoB M NMUTAKOLWMX HAaMNpsKeHUn (CM. cneumdukaunio Ha BHYTPUCXEMHbIA NporpamMmmaTop
V3.x ons MukpokoHTponnepoB cepun 1886BE). Cxema nogknioyeHus MUKPOKOHTponnepa
1886BE3 k pasbemMy nporpammaTtopa npeactaBrieHa Ha PUCYHKE HUXeE.

A1 - R3 ﬁ] [T]Ii' Ucc
L Uss
1. Data s DT
2. Clock CK
J. Uss |—
4. 0OSCI TOSCI
5. TEST TEST
6. Upp +—* MCLRAUpp
7. Ucc Re .L R
g.Uss |— EI HHUKPOKOHTpONNEp
R1-R4 47 kO ¢l L
Rﬁ- > 10 :D: 5__1}#: L cxewa cbpoca
C1 0.1 uk® i NUTaHWE HOoAYNA

nporpaMMMpoBaHue «— paboTa

Puc. 61 Cxema nogknio4yeHnss MMKPOKOHTPOINepa K nporpaMmMaTtopy
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CtopoxeBoun Tanmep

Ctopoxeson Tanmep (WDT) npegHasHavyeH s BOCCTAHOBIIEHUST MUKPOKOHTpONepa
npy cboax CropoxeBon Tanmmep (WDT) npegHasHadyeH AnNa  BOCCTAHOBMEHWUSA
MUKPOKOHTpoOnnepa npu cboax nnn cbpoca ycTporncTea BO BPEMS €r0 HAaXOXAEHUS B pexnve
SLEEP. [na noBbllWEHMS HaOeXHOCTU CTOPOXeBOM Tammep umeeT cobctBeHHbin RC
reHepatop. OH paboTaeT Aaxe nNpuM OTCYTCTBMM TaKTOBOW YaCTOTbl MWUKPOKOHTpoOsepa.
Pexum cTopoxeBoro Ttanmepa nporpamMmupyeTcss OuTamm KOHurypauum B perucrpax
KOH(purypaumm MMKpokoHTponnepa. Bo Bpems HopmanbHon paboTtel WDT gomkeH oumwatbea
yepe3 onpeaefieHHble WHTepBanbl BpeMeHU. JTO BpeMA [LOMKHO ObiTb MeHblue, 4Yem
MUHUManeHoe BpemMa nepenosiHeHna WDT, B npotuBHOM crnydae nepenonHeHne WDT
npounssenet cbpoc ycTponcTea.

HomuHanbHbIM Nepuog CTOpoXeBoro Tavmepa (C npeggenutenem = 1) cocrtaBnser
0Kono 12 mc. OT0 BpeMs 3aBUCUT OT TemnepaTypbl U HANPSKEHUA NUTaHuA. [Ana yBenmyeHns
nepuvoga TtaMMepa MOXHO BKMIOYMTL Npeggenutenu ¢ 60MnbwmM Ko3uLMeHTOM OeneHus.
CtopoxeBon Tanmep u ero npepgenutens cbpacoiBatotcs komaHgamm CLRWDT mn SLEEP,
curHanom «cbpoca» m npu Bbixoge m3 pexmnma SLEEP no npepbiBaHuio. Tanmep HaumHaet
CYeT cpasy Xe rnocfie OKoHYaHua curHana «copocy». but TO B pernctpe CPUSTA 6ygert
cbpoLLeH npy NnepenosiHeEHNN CTOPOXEBOrO TanMepa.

Ecnn cTtopoxeBon TanWMep BKOYEH B pexmme OObIYHOro Tammepa, TO Ha Hero
nogatlTCca UMMyNbCbl C reHepaTopa TaKTOBOW 4acTOTbl MWKPOKOHTponsepa. Bpewms
nepenosiHeHns coctaenseT 65536 taktoB TC. Npu nepenonHeHun cbpacbiBaetca out TO B
peructpe CPUSTA, Ho ycTponctBo He cbpacbiBaeTcs. Komanga CLRWDT yctraHaBnuBaeTt
3TOT O6UT. PerucTpbl CTOpPOXEBOro TavMmepa W ero npeggenutens He AOCTYMHbl AN
yTeHusi/3anucu. Tarvep B 3TOM pexnme octaHaBnueaeTcs B pexunme SLEEP.

Pexxum aHeprocbepexeHus (SLEEP)

MWKPOKOHTPOSNEpP NEpPeEXoauT B PeXMM JHeprocbepexeHns npu BbIMOSIHEHUM KOMaHAb!
SLEEP. lpu atom cbpacbiBaeTcsi CTOPOXEBOW Tammep v ero npeggenurtens (ecnm OHu
BKMNtoYeHbl), 6ut PD cbpacbiBaetca, 6utr TO ycraHasnmBaetca (pernctp CPUSTA),
BbIKITOHAETCA reHepaTop TaKTOBOW YacTOTbl MMUKPOKOHTPOMMepa, MopTbl BBOAA/BbIBOAA
COXPaHST CBOE COCTOSAHME.

Cnepytowme cobbiTMs MOTYT BbIBECTU MUKPOKOHTpONNep n3 pexvva SLEEP:
cbpocC Npu BKIIOYEHUN UM COPOC MPU CHUXKEHUU NMUTAHUS.

nogava curHana copoc Ha BHelwwHu Bxoa copoca MCLR.
cbpoc OT CTOPOXKEBOro TarMmepa (ecnm OH BKITHOYEH).

npepbiBaHne ¢ BbiBoga PAO/INT, npepbiBaHne c¢ PA1/TOCLK, wnn HekoTopble
nepudepuiiHblie npepbiBaHna (USART, USB, NAND v 1.0.).

Adpyrve nepudepurHbie YyCTPOMUCTBA HE MOryT reHepupoBaTb MPeEpPbIBAHUA B pexuMme
SLEEP, Tak Kak BbIKNIOYEH TaKTOBbIA reHepaTtop MUKPOKOHTponnepa. Kpome Toro psa
nepudepurHbix 6510KOB Takme Kak KoHTponnep BHyTpeHHen EERPOM namsitm n perynsatop
HanpskeHuss B 3.3 B OOmkHbl OTKNOYaTbCA Npu nepeBofe MUKPOKOHTpomsfepa B pPexum
SLEEP. 3710 06ycnoBneHO HanmuMyMem WUCTOYHMKOB OMOPHbIX HanpshKeHW, KoTopble
noTpebnalT SHEPrM0 MOCTOSHHO M UX NOTpebneHue He 3aBUCUT OT pexuma paboTbl
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MUKpOKOHTponnepa. [locne Bbixoga u3 pexuma SLEEP paHHble 6nokn aomkHbl 6bITb
BKIMOYEHbI CHOBA.

Jobon curHan «cbpoca» BbI3oBeT cbpoc ycTponctea. [lpepbiBaHWS npogosmkat
BbiNOnHeHne nporpammbl. butel TO n PD B pernctpe CPUSTA moryT 6biTb MCNONb30BaHbI
AN onpefeneHvst NpuyYnHbl cbpoca yCcTponcTea. YCcTaHaBnMBaeMbin Npu BKAoYeHUn 6ut PD,
cbpacbiBaeTca npu nepexoge B pexum SLEEP. but TO cbpacbiBaeTcs npu nepenosiHeHUU
CTOpPOXXEBOro Tanmepa.

Mpn BbinoNHeHUn komanabl SLEEP, npegBaputenbHO BblbupaeTca crneayrowas
komanga (PC+1). Ytobbl npobyauTb YCTPOMCTBO MpepbiBaHWEM, OOMKEH ObiTb yCTaHOBMEH
COOTBETCTBYOLWNN OUT paspelleHnss npepbiBaHNA. OTO MNPOUCXOAUT HEe3aBUCUMO OT
coctoaHuss 6uta GLINTD. Ecnu 6ut GLINTD yctaHoBneH, yCTPOMCTBO Mpoaoskaet
BbINonHeHne nporpammbl. Ecnn 6ut GLINTD cbpolleH, To yCTPOUCTBO BLINOSHAET KOMaHAy,
cnegywowyto 3a SLEEP, n 3aTem nepexoanTt K agpecy Bektopa npepbiBaHud. B cnyvasax, roe
nucrnonHeHne komaHgbl nocre SLEEP HexenatenbHo, Heobxogumo ctaButb NOP nocne
komaHabl SLEEP. CtopoxeBon Tanmep cbpacbiBaeTcsi Npu BbIXo4e YCTPOMUCTBA M3 pexuma
SLEEP, He3aBMCUMO OT NCTOYHUKA NPOBYXOEHMS.

Ecnn yctaHoBneH XT vnun LF pexum reHepaTopa TakTOBOM YaCTOTbl MUKPOKOHTpOSINepa, To

npu Bbixoge n3 SLEEP npoucxogut 3anyck «TarvMmepa 3anycka reHepaTtopa», KoTopbii dyaer

AepxaTtb YCTPOMUCTBO B COCTOSIHUM «cOpocay» B TedeHue 1024 taktos TC.

Q1]Q2/Q3|Q4/Q1|Q2|Q3|Q41Q1|  1024:T¢! Q1/Q2]|Q3|Q4: Q1] Q2| Q3| Q4 Q1| Q2| Q3| Q4|

ool IRVAVAVAWAVAWAWAWANASS s WAWAWAWAVAVAWAWA VAWAWAWA
(.

INTF . ] L ;
‘ | Bk : 0004h
GLINTD ! — | ‘
PC ¥ PC W PC+ N PC+2 ¥ pe¥2 ¥ pc2 W 0004h
B?&‘ZEEE%"“ | SLEEP | KomaHga(PC+1), ' komaHpa(PC+2), | komaHga(004h) |
BeionHAeMas | komaHpa(PC-1).  SLEEP | ' KoMaHpa{PC+1) NCP | NOP |
LE]
Puc. 62 Bbixog n3 pexxuma SLEEP no npepbiBaHuio
[MpumeyaHus:

1. Pexum reHepatopa XT wnu LF. B RC pexvme 3agepxkm 3anycka reHepartopa
(1024*TC) He bypner;

2. Ecnn GLINTD=0, npoueccop nepexogut K nporpamme obpaboTku npepbiBaHUN, ecnv
GLINTD=1, TO NnpoaomKNTCA BbINONIHEHME NPOrpaMmbi.

BHYTpeHHMN UCTOYHMK NuTaHuA 3,3 B

Ana obecneyeHns nuTaHna 6Gnoka aHanorosoro npuemonepedatdynmka USB un ans
BO3MOXHOCTU MUTaHUA MNOSb30BaTENbCKMX MOPTOB BBOAA/BbIBO4A OT HanpsxeHwus 3,3 B,
BHYTPU  MWUKPOKOHTPONNEepa peanu3oBaH BCTPOEHHbI  CTabunuaaTop  HanpsikeHus,
obecneunBarowmii  BblpaboTky HanpsbkeHusa 3,3B wn3 5B, noctynalowmx Ha agpo
MUKPOKOHTponnepa. Crabunusatop HanpskeHust BKOYaeTcs MnyTeM YCTaHoBKM ©OuTa
pernctpa ynpasneHua 6noka USB USB_CNTR[0] B eguHuuy. Harpy3oyHas cnocoBHOCTb
ctabunumsatopa HanpsbkeHust oo 40 MA. CtabunbHoCTb BbipabaTbiBaemMoro HanpshkeHus + 5%.
BbixogHoe HanpsxeHue nocTynaeT Ha BbiBog U33out.
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brnok aHanorosoro npuemonepegatyunka USB nonyvyaet nutaHue HanpsimMyro oOT
BCTPOEHHOro crabunusatopa. [na nogayn nutaHus Ha nopTbl BBOAA/BbiBOAA C BbiBOAA
U33out nutaHMe nogaetcd no neyaTHoW nnate Ha BbiBoAbl NuTaHua noptosB Ucciport u
Ucc2port. Ecnn TOoK noTpebneHns noptoB npesocxoant 50 MA, To AnNa uX nuTaHusA
pekoMeHOyeTCHa UCMOoNb30BaTh BHELLHUM NCTOYMHUK HanpsbkeHnd. BeiBogbl nutaHmna Ucclport n
Ucc2port He 0B6beanHSAITCA BHYTPU MUKPOCXEMbl, HO OHWU AOSMKHbI OblTb 00beaMHEeHbl Ha
nevyaTtHom nnare.

Moaknio4yeHue Han pPAXEeHUA NMTaHusA

Bce wuHbl nutaHma Ucc  (NONOXMUTENbHbIA  BbIBOA — HAMpPsKEHUs  NUTaHUA
MUKpOKOHTponnepa) u Uss («3eMNsHoON» BbIBOL HaNpsXKeHUs MUTaHUA MUKPOKOHTponnepa)
OOIMKHbI ObITb MOAKMIOYEHbI K COOTBETCTBYHOLUMM LWIMHAM MNUTaHWS Ha NeyaTHOW nnarte.
HenocpeacTBeHHO Yy  BbIBOAOB  MMUKPOKOHTpoOsSiepa  Mexay  WMHaMu  nuTaHusg
yCTaHaBMMBAOTCA KepaMuUyeckme KoHaeHcaTopbl (He MeHee 5 LWWT.) eMKoCcTblo He meHee 0.1
MKD M 9NEKTPOSIUTUYECKUA KOHAEHCATOP eMKOCTbio He MeHee 33 MK®D. Mexay «3emnsiHom»
WKNHOM W BbIXOOAOM perynatopa HanpsxeHna U33out nogknwovarTcs  Kepamuyeckun
KOoHOeHcaTop eMKOCTblo He MeHee 0.1 MK® 1 3NeKTPONUTUYECKUIA KOHOEHCATOP €MKOCTbIO He
MeHee 33 MK®P. BbiBoabl HanpskeHna nutaHma noptos Ucciport u Ucc2port coeanHsatoTcs
Mexagy cobon n nogknyarTca NMBOo K HanpsbKeHWo NUTaHUS MUKPOKOHTponnepa, nubo K
BbIXO4Yy BCTPOEHHOro perynsatopa HanpsbkeHus Ha 3.3 BonbTa, Nnbo K APYroMy MCTOYHUKY
HanpskeHus1 B AManasoHe OT 3 BOSIbT A0 HanpsbKeHUs nuTtaHus MUKPOKOHTponnepa. Mexay
KaxxgbiM 13 BbiBogoB Ucci1port, Ucc2port n «3eMnsHon» LWMHOWM NUTaHUA peKkoMmeHayeTcst
yCTaHaBnMBaThb MO KepaMn4yeckoMy KOHOeHcaTopy eMKOCTbio He MeHee 0.1 MKOD.
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CucTtema KomMmaHp

MukpokoHTponnep nogaepxueaet 58 komang (Ta6nuua 70). Bce komangbl 16-Tu
paspsagHble. KomaHabl BbIMNOMHAKTCA 3@ OOWH LMKIT, COCTOSWWMA U3 4YeTbipex nepuoaoB
TaKTOBOW 4acCTOTbl, 3a WCKIIIOYEHMEM BbINOMHAEMbIX 3a [Ba UWKNA KOMaH MNepexonoB W
KOMaH, WM3MEeHSLWMNX 3HayYeHne nporpaMmHoro cyetynka PC (T.e. pesynbTaT onepauuu
3anuceiBaetca B PCL), a Takke koMaHA YTeHus/3anmcy tTabnuy, B namaty nporpaMmm (3anucb
BO BHYyTpeHH FLASH namate umeet Gonbluyto anutenbHoCcTb). Koabl KomaHa onuchiBaeT
Tabnuua 71. Heucnonb3yemble KoAbl KOMaHL 3ape3epBuMpOBaHbl, UX MNPUMEHEHWE He
pekomeHayeTcs. ECTb HekoTopble 0COB6EHHOCTU NCNONb30BaHUSA KOMaHA:

e €©CNnKn pesynbTaT BbIMNOMHEHUA onepaunn 3anucobiBaetcsa B pernctp ALUSTA, 1o cdonarm Z,
C, DC n OV mMeHsaa cBoe 3Ha4vyeHue rnocse BbIMOMHEHUS KOMaHAbl, U3MEHAT 3anncaHHbIN
pesynbTart;

e onepauun ¢ pernctpom PCL: yteHne PCL npmBoauT Kk 3arpy3ke B PCLATH 3HauyeHus
peructpa PCH, 3anucb 1 4TeHne-moandukauusa-sanucb npmBoauT K 3arpyske B PCH
3HayeHus permnctpa PCLATH,;

e HeOOXOAMMO Yy4YMTbIBaTb, YTO KOMaHAbl OMTOBLIX oOnepauui MNPOU3BOAAT oOnepauumto
«YTEeHUe-moandpuKkauns-3anncb» LLenoro perucrpa.

Ta6bnuua 70
Habop komaHp,
MHeMoHuUKa U3meHsaemble | Kon-Bo
OnucaHune KomaHAabI
KOMaHAbl donarun LUKNOB
ADDLW k Copepxunmoe pernctpa WREG cknagbiBaeTcs ¢ 8-mu ov,C,DC, zZ 1
OGuTHOM KOHCTaHTOM «k» (k=0...255) n pesynbTtaT
nometlaetca B pernctp WREG
ADDWEF f,d CnoxeHune cogepxummoro pernctpos WREG un «f» (f = ovV,C,DC, z 1
0...255).
Ecnn d=0, To pesynbTaT coxpaHsieTca B pernctpe WREG,
ecnu d=1, To B peructpe «f»
ADDWEC f,d CnoxeHune coagepxmmoro pernctpos WREG, 6uta ov,C,DC, 7z 1
nepeHoca n cogepxmmoro peructpa «f» (f = 0...255).
Ecnn d=0, To pesynbTaT coxpaHseTca B pernctpe WREG,
ecnu d=1, To B peructpe «f»
ANDLW k INornyeckas onepaums «» 8-mn GUTHOM KOHCTaHTLI «k» (K z 1
= 0...255) n cogepxummoro pernctpa WREG. PesynbTtaT
nomewaetcs B pernctp WREG
ANDWEF f,d INoruyeckasn onepaumnsa «» cogepxmMoro perucTpos 4 1
WREG u «f».
Ecnu d=0, To pesynbTaT coxpaHsietcs B peructpe WREG,
ecnu d=1, To B peructpe «f» (f=0...255)
BCF f,b Cb6poc 6uta «b» B peructpe «f» (b =0...7, f = 0...255) - 1
BSF f,b YcTtaHoBKka B eanHuly 6uta «b» B peructpe «f» (b=0...7, f = - 1
0...255)
BTFSC f,b Ecnu 6ut «b» B pernctpe «f» paBseH 0, Toraa cneaytowlas - 1(2)
KOMaHaa nponyckaeTcs, T.e. BMECTO crieqyoLwein KoMmaHabl
BbinonHaeTcs onepaums NOP, B aTom criyyae BbINofnHeHWEe
KomaHgbl 3aHuMaeT 2 umkna (b =0...7, f=0...255)
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BTFSSf,b

Ecnu 6ut «b» B pernctpe «f» paBeH 1, Toraa cneayowias
KOMaHaa nponyckaeTcs, T.e. BMECTO criegyowen KoMmaHabl
BbinonHaeTcs onepaums NOP, B aTom criyyae BbINOfHeHne
KomaHgbl 3aHuMaeTt 2 umkna (b =0...7, f=0...255)

1(2)

BTG f,b

NuBepTmpoBaHue 6uta «b» B pernctpe «f» (b =0...7,f=
0...255)

CALL k

BbI3oB nognporpamMmmbl HaxogsLwencs B npegenax
ctpaHuubl 8Kenos. Agpec cnegytowen nocne CALL
komaHngpbl (PC+1) nomewaetcs B ctek. 13-Tn GuTHbIM agpec,
coaepxaluncsa B koge KOMaHabl, 3arpykaeTcs B CHETUYUK
komaHa PC <12:0>. 3atem ctapwme 8 6ut PC konmpytotcs
B PCLATH. KomaHga CALL BbinonHAeTcA 3a ABa LMKna.
[lna BeI3oBa nognporpamm 3a npegenamun 8Kcnos,
cmoTpute Komangy LCALL

CLRFf,s

C6pacbiBaeT (06HynsieT) pernctp «f» (f = 0...255).
Ecnu s=0: cbpacbiBatotca permctpbl «f» 1 WREG,
ecnu s=1: copacbiBaeTcst peructp «f»

CLRWDT

C6pacbiBaeT «CTOpOXEBON Tanmep» 1 ero npeaaenuTens.
YctaHasnusaeT outbl TO, PD B «1»

TO=1, PD=1

COMF f,d

NuBepTmpoBaHue 6utoB pernctpa «f» (f = 0...255).
Ecnn d=0, To pesynbTaT coxpaHsietca B pernctpe WREG,
ecnun d=1, To pesynbTaTt coxpaHsaeTcs B pernctpe «f»

4

CPFSEQ f

CpasHeHune cogepxumoro peructpa «f» (f=0...255) ¢
cogepxummbim pernctpa WREG nytem 6e33HaKoBOro
BblYUTaHUSA.

Ecnu (f) = (WREG), To BMecTo cneaytoLlen KomaHab!
BbinonHsietca onepaums NOP, B 3TOM crnyyae BbINOMHEHNE
KOMaHabl 3aHMMaeT 2 umkna

1(2)

CPFSGT f

CpaBsHeHnwne cogepxumoro peructpa «f» (f=0...255) ¢
cogepxmmbim pernctpa WREG nytem 6e33HakoBOro
BblYUTaHUSA.

Ecnu (f) > (WREG), To BMecTO crneaytoLlen KomaHabl
BbinonHsietca onepaums NOP, B 3TOM crnyyae BbINOMHEHNe
KOMaHApbl 3aHMMaeT 2 LuKna

1(2)

CPFSLT f

CpaBsHeHnwne cogepxummoro peructpa «f» (f=0...255) ¢
cogepxummbim pernctpa WREG nytem 6e33HaKoBOro
BblYUTaHUSA.

Ecnn (f) < (WREG), To BMeCTO crneaytowen kKomaHabl
BbinonHaeTcs onepaums NOP, B aTom criyyae BbINoOfHeHMe
KOMaHAbl 3aHMMAaeT 2 umkna

1(2)
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DAW f,s

KomaHnga npon3BoanT AeCATUYHYIO KOPPEKUMIO pesynbTaTta
cnoxeHus (pernctp WREG) gByx umMcen B ynakoBaHHOM
dopmate BCD.

Ecnu s=0, To pe3ynbTaTt 4ecaTU4YHON Koppekunm
nomewaetcs B «f» u B8 WREG, ecnu s=1, 1o pesynbtar
nomewaetcs B «f» (f = 0...255).

BbinonHeHne onepauum:

Ecnu: [ WREG<7:4> > 9].0R.[C = 1] .AND.[WREG<3:0> >
9],

T70: WREG<7:4> + 7— {<7:4>, s<7:4>.

Ecnu: WREG<7:4> > 9].0R.[C = 1], To WREG<7:4> + 6—
f<7:4>, s<7:4>, nHaye WREG<7:4>— f<7:4>, s<7:4>.
Ecnn: [WREG<3:0> > 9].0R.[DC = 1], To WREG<3:0> + 6—
f<3:0>, s<3:0>, nHaye WREG<3:0>— f<3:0>, s<3:0>

C

1

DECF f,d

YMeHbLUeHne 3HaveHus pernctpa «f» Ha eanHnuy (f =
0...255).

Ecnn d=0, To pesynbTaT coxpaHsietca B pernctpe WREG,
ecnu d=1, To B pernuctpe «f»

ov,C,DC, z

DECFSZ f,d

YMeHbLUeHne 3HaveHus permctpa «f» Ha eanHunuy u
NPOMycK cnegyoLwen KoMaHabl eCriv pe3ynbTaTt paBeH
HyMto, T.€. BMECTO CrieaytoLLen KoOMaHabl BbINOJTHAETCS
onepauus NOP, B 3ToM crny4ae BbINOfHEHME 3aHUMaEeT 2
umKna.

Ecnu d=0, To pe3ynbTaTt onepawumm CoxpaHseTcd B
peructpe WREG,

ecnu d=1, To B peructpe «f» (f=0...255)

1(2)

DCFSNZ f,d

YMeHbLUeHne 3HayeHus pernctpa «fH» Ha eanHuuy n
NponycK cneayroLlen KoMaHabl eCnv pe3ynbTaT He paBeH
HyMIo, T.€. BMECTO crefytoLLen KoMaHabl BbINOSTHAETCS
onepaums NOP, B aTom crnyyae BbINOfHEHNE 3aHUMaEeT 2
umkna.

Ecnn d=0, To pesynbTaT onepauumn coxpaHaeTcs B
peructpe WREG,

ecnu d=1, To B peructpe «f» (f = 0...255)

1(2)

GOTO k

BesycrnoBHbIN Nepexoq no nporpamme B npeaenax
cTpaHuubl 8Kcnos. 13-Tn BUTHBLIN agpec, coaepXKalluuincs B
KoAe KOMaHAbl, 3arpyaeTcsa B cHeT4mk komaHg PC<12:0>.
3artem crapwwme 8 6ut PC konupytotca B PCLATH.
KomaHpa BbinonHAeTca 3a 2 uukna

INCF f,d

YBenuyeHue 3HayeHus pernctpa «f» Ha eguHuy (f =
0...255).

Ecnn d=0, To pesynbTaT coxpaHgaeTtca B peructpe WREG,
ecnu d=1, To B peructpe «f»

ov,C,DC, z

INCFSZ f,d

YBenuyeHue 3HaueHust peructpa «f» Ha eauHMLy 1 Nponyck
crneayoLen KoMaHabl eCnun pe3ynbTaT paBeH HyIio, T.€.
BMECTO CrneaytoLlen KomaHabl BbIMOMHAETCA onepaums
NOP, B aTOM criyyae BbINOSIHEHNE 3aHUMAET 2 LMKna.

Ecnn d=0, To pe3ynbTaT onepauuun coxpaHaeTcs B
pernctpe WREG,

ecnu d=1, To B pernctpe «f» (f = 0...255)

1(2)
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INFSNZ f,d

YBenuyeHune 3HayeHus pernctpa «f» Ha eauHuLy 1 nponyck
cnefyoLen KOMaHgbl ecnv pesynbTaT He paBeH Hynio, T.e.
BMECTO CrneaytoLlen KomaHabl BbIMOMHAETCH onepauuns
NOP, B aTOM criyyae BbINOSIHEHUE 3aHUMaET 2 LMKna.

Ecnn d=0, To pesynbTaT onepauumn coxpaHaeTcs B
pernctpe WREG,

ecnu d=1, To B peructpe «f» (f = 0...255)

1(2)

IORLW k

Jlornueckas onepauus Bkntovatowiero «AJNMN» 8-mu GUTHOM
KoHcTaHTbl «k» (k = 0...255) n cogepxxnmoro pernctpa
WREG. Pesynbtat nomewjaetca B pernctp WREG

IORWF f,d

Jlornyeckas onepauus Bkntoyatowiero «MNMN» cogepxnmoro
peructpoB WREG n «f».

Ecnn d=0, To pesynbTaT coxpaHsietca B pernctpe WREG,
ecnun d=1, To B pernctpe «f» (f = 0...255)

LCALL k

Bbl3oB nognporpammbl HaxoasLencst B ntobom mecte
namaTu B guanasoHe 64Kcnos. Agpec cneaytollen nocne
LCALL komaHngbl (PC+1) nomeluaeTtcs B cTek. 16-Tu OUTHLIN
agpec 3arpyxaeTtcs B cyeTumk komaHg PC. Mnagwwe 8 6ut
3arpy>xarTca u3 koga KomaHabl, a ctaplume 8 6ut ns
pernctpa PCLATCH. LCALL BbinonHseTcs 3a gBa umkna

MOVFP f,p

Mepecbinka gaHHbIX U3 obnacTn namaTn «f» B obnactb
namaTu «p». Aapec obnactu «f» moxeT ObiTb 0T 00h Ao
FFh, a o6nactu «p» ot 00h go 1Fh. U «f» n «p» mMoryT 6bITb
pernctpom WREG, a Takke KOCBEHHO agpecoBaHbl

MOVLB k

3arpyska 4x GUTHOM KOHCTaHTbI «k» B Mnagwwue 4 6uta
peructpa Bbibopa 6aHka (BSR). Ctapwume 4 6uta perncrpa
BSR He n3meHsoTca

MOVLR k

3arpyska 4-x GUTHOM KOHCTaHTbI «k» B cTapwwue 4 6uta
Peructpa Bbibopa 6aHka (BSR). MnaaLwwme 4 6uta pernctpa
BSR He nameHsoTCcA

MOVLW k

8-Mun ObuTHas koHcTaHTa «k» 3arpyxaetcsa B pernctp WREG

MOVPF p.f

Mepecbinka gaHHbIX U3 06r1acTN NamMATN «p» B 0bnacTb
namatu «f». Aapec obnactn «f» moxeT ObiTb 0T 00h Ao
FFh, a obnactn «p» ot 00h go 1Fh. N «f» n «p» moryTt 6bITb
pernctpom WREG, a Takke KOCBEHHO agpecOBaHbl

MOVWEF f

Mepecbinka cogepxumoro pernctpa WREG B pernctp «f» (f
= (...255)

MULLW k

Bes3HakoBoe nepeMHOXeHne 8-My GBUTHON KOHCTaHTbI «K»
n cogepxumoro pernctpa WREG. 16-t1 6GuTHbIN pe3ynbtar
3anucoiBaeTca B nape permctpoB PRODH:PRODL. Peructp
WREG He nameHsetcs. Onepaums He nameHseT cnarm

MULWEF f

BessHakoBoe nepeMHOXeHue coaepXUMoro permctpos «f»
(f=0...255) n WREG. 16-T1 GuTHbI pe3ynbTaT
3anucbiBaeTcs B nape pernctpos PRODH:PRODL.
Pernctpel WREG un «f» He namenstoTca. Onepauns He
n3MeHsieT dnaru

NEGW f,s

N3meHeHune 3Haka cogepxumoro permctpa WREG nytem
ABOVYHOrO LOMNOSTHEHWS.

Ecnn s=0, To pesynbtat nomeryaetcd B «f» n 8 WREG,
ecnu s=1, 1o pesynbTat nomewaetcs B «f» (f = 0...255)

oVv,C,DC, Z

NOP

HeT onepauuu
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RETFIE

Bosspat 13 npepbiBaHus. CogepXxmmoe cyeTUnKa KomaHa
BOCCTaHaBNMBaETCs M3 cTeka. Paspeluatotces rmobanbHbie
npepbiBaHms copocom 6uta GLINTD(CPUSTA<4>).
PCLATCH He nameHsietca. KomaHga BbinonHaeTca 3a 2
uMKna

GLINTD=0

2

RETLW k

Bosspat 13 nognporpammsl. B pernctp WREG 3arpyxaetcs
3Ha4yeHme 8-mMm OUTHOWM KOHCTaHTbI «k». B cyeTymk komana
3arpyxaeTtcs U3 cteka agpec Bosspata. PCLATCH He
nameHsietcs. KomaHga BbINONHAETCA 3a ABa LuKna

RETURN

Bosepat 13 nognporpammel. B cHeTunk komaHAa
3arpyxaeTtcs 13 cteka agpec Bosspata. PCLATCH He
nameHsietcsa. KomaHga BbINONHAETCS 3a ABa LuMKNa.

RLCF f,d

Onepauus LMKNM4eCcKoro casura CoaepXXnMmoro pernctpa
«f» BneBo yepes cnar nepeHoca «Cx».

Ecnn d=0, To pesynbTaT onepauumn coxpaHaeTcs B
peructpe WREG,

ecnu d=1, To B pernctpe «f» (f = 0...255)

RLNCF f,d

Onepauns UMKNMYeCcKoro caBura CogepXnmoro permctpa
«f» Bnes.o.

Ecnu d=0, To pe3ynbTaTt onepawmm CoxpaHseTca B
pernctpe WREG,

ecnu d=1, To B peructpe «f» (f=0...255)

RRCF f,d

Onepauns UMKIIMYeCcKoro cAsura cogepXnumoro permctpa
«f» BNnpaBo Yyepes gnar nepeHoca «C».

Ecnu d=0, To pe3ynbTaTt onepawmm CoxpaHaeTca B
peructpe WREG,

ecnu d=1, To B peructpe «f» (f = 0...255)

RRNCF f,d

Onepauusa UMKNM4ecKoro casura CoaepXXMmMoro permctpa
«f» Bnpaeo.

Ecnn d=0, To pesynbTaT onepauumn coxpaHaeTcsa B
peructpe WREG,

ecnu d=1, To B peructpe «f» (f=0...255)

SETF f,s

YcTaHoBKa Bcex OutoB peructpa «f» B eanHuUbI.

Ecnu s=0, To 3HayeHue OFFh nomelyaeTcsa B «f» n B
WREG,

ecnu s=1, To pesynbTaT NnomeLlaeTcs ToNnbko B «f» (f =
0...255)

SLEEP

C6pacbiBaeT «CTOPOXEBOW TakMep» 1 ero npegaenvrenb.
But «TO» ycTtaHaBnmBaeTcs, a «PO» cbpacbiBaeTcs.
Mpoueccop nepexoautcsa B pexum «cHa» (SLEEP) ¢
OCTaHOBKOW TaKTOBOro reHepartopa

TO=1, PD=0

SUBLW k

Cogaepxumoe permctpa WREG BbluntaeTca ns 8-mu 6utHom
KOHCTaHTbl «k». PesynbTat nomewaetcsa B pernctp WREG

oVv,C,DC, Z

SUBWEF f,d

Bbluntanne cogepxumoro pernctpa WREG u3
cogepxumoro pernctpa «f».

Ecnn d=0, To pe3synbTaT onepauuun coxpaHaeTcs B
pernctpe WREG,

ecnu d=1, To B peructpe «f» (f=0...255)

ov,C,DC, z
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MHeMoOHUKa
KoMaHAbl

OnucaHue KomaHAbI

N3meHAeMble
c¢dnarn

Kon-Bo
LUMKNoB

SUBWEFB f,d

BbiuntaHue cogepxmmoro pernctpa WREG n chnara
nepeHoca (3aema) ns cogepxmmoro pernctpa «H» (metog
ABOVYHOrO JOMNOMHEHWS).

Ecnn d=0, To pesynbTaT onepauuun coxpaHaeTcs B
peructpe WREG,

ecnu d=1, To B pernctpe «f» (f = 0...255)

ov,C,DC, z

1

SWAPF f.d

O6meH mectamu nonybanTtos perncrtpa «f». BepxHsis
MOSIOBMHA PErUCTPa N HWXKHSAS MEHAIOTCSA MECTaMW.
Ecnn d=0, To pesynbTaT onepauumn coxpaHsaeTcs B
pernctpe WREG,

ecnu d=1, To B peructpe «f» (f = 0...255)

TABLRD t,i,f

1. Copgepxunmoe b6anta «tabnuyHon 3awenkuy (TBLAT)
nepecwinaetca B permctp «f» (f=0...255). Ecnn t=1, 10
nepecwinaetca crapwmn 6ant, ecnm t=0, To mnagwun 6anT.
2. Cogepxnmoe obnactm namaTn nporpamMmM, ykasbiBaeMoWn
16-T OUTHLIM «TabnuuHbIM ykaszatenem» (TBLPTR)
3arpyxaeTcs B 16-Tv OUTHYI0 «TabNMYHYLO 3aLLEnKy»
(TBLAT).

3. Ecnu i=1, 10 3HayeHne TBLPTR yBenuunsaeTtca Ha
eanHuuy, ecnu i=0, To 3HavyeHne TBLPTR He nameHsietcs.
KomaHga BbinonHseTes 2 uMkna, a ecnu permctp «f»
asnsgetcsa pernctpom PCL, 1o 3 yukna

2(3)

TABLWT t,i f

1. 3arpyska cogepxumoro peructpa «f» (f=0...255) B 16-Tu
OuTHyo «Tabnuynyto 3awenky» (TBLAT). Ecnu t=1, To
3arpyxaeTca B cTapwuin 6ant, ecnn t=0, To B MnagLumm
Ganr.

2. Copepxummoe «TabnuyHon 3awienkmy» (TBLAT)
3anuncbiBaeTca B 06nacTtb NnamaTy NporpaMm, ykasbiBaeMom
«TabnnyHbim ykasatenem» (TBLPTR). Ecnu TBLPTR
yKa3blBaeT Ha 06nacTb BHELIHEWN NaMsTU NporpamMmm, To
KOMaHZa BbINONHUTCA 3a 2 uukna. Ecnm TBLPTR
yKasblBaeT Ha BHYTPeHHIo obrnacte FLASH namaTtu, To
BbIMOMHEHNE KOMaHAbl MPOUCXOAUT A0 NpepbiBaHuA (T.e. >2
LIMKIOB).

3. Ecnu i=1, 10 3HaveHne TBLPTR yBenuynsaeTcs Ha
eanHndy, ecnum i=0, To 3Ha4yeHne TBLPTR He nameHsietcs.
MpumeyvaHue: [Ina 3annucu Bo BHYTPEHHIOW NamMATb
nporpaMm JOSmKHO ObiTb NO4AHO HanpsXKeHne
nporpaMmMmpoBaHus. Ecnu aTo ycrnoBme He BbINOMHEHO, TO
KOMaHAa BbINOMHMTCA 3a 2 UMKIIa U 3HaYeHne namaTn He
N3MeHNTCA

2(>2)

TLRD t,f

CyunTtbiBaHMe gaHHbIX U3 16-Tn OUTHOM «TabnM4YHON
3awenkmn» B pernctp «f» (f = 0...255). «TabnuyHas
3aulernka» npu aTom He nameHsietcs. Komanga
ncnone3yetcst coeMectHo ¢ TABLRD gns nepechbinku
AaHHbIX M3 NaMATM NPOrpaMM B NamsaTb AaHHbIX.
Ecnn t=1, To cunTbiBaeTcA ctaplumn 6anT,

ecnu t=0, To mnagwwun 6ant
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MHeMOHuMKa U3meHsiemble | Kon-Bo
OnucaHue KomaHAbI
KOMaHAbl c¢naru LIUKIOB

TLWT t.f Copepxunmoe peructpa «f» (f = 0...255) 3anuceiBaeTcs B - 1
16-Tn GBuTHy0 «TabnuyHyto 3awenky» (TBLAT). KomaHga
Mcnonb3yeTcs COBMECTHO ¢ komaHgon TABLWT gns
NepechISIkK AaHHbIX U3 NaMSTK AaHHbIX B NaMATb
nporpamm.
Ecnn t=1, T0 3annceiBaeTcsa ctapwnin 6anT,
ecnu t=0, To Mnagwunn 6ant

TSTFSZ f CpasHeHune cogepxumoro peructpa «f» (f=0...255) ¢ - 1(2)
Hyrem.
Ecnn (f) = 0, To BMECTO cnegytoLlen KomaHabl
BbinonHaeTcst onepaumst NOP, B aTom criyyae BbiNOfIHEHME
KOMaHAbl 3aHMMaeT 2 uukna

XORLW k Jlornueckas onepaums uckntodatowero «N» 8-mmn GutHon Z 1
KoHcTaHTbl «k» (k = 0...255) n cogepxmmoro perncrpa
WREG. Pesynbtat nomewjaetca B pernctp WREG

XORWF f,d Jlornyeckas onepauus ncknrovatrowero «AJN» Z 1
cogepxummoro pernctpos WREG u «f».
Ecnn d=0, To pesynbTaT coxpaHsaeTtca B pernctpe WREG,
ecnu d=1, To B peructpe «f» (f=0...255)
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Tabnuua 71
Koabl komaHg,
MHemMoOHUKa Koo MHeMoOHUKa Kon MHeMOHUKa Kon
KOMaHAbl KOMaHAbl KOMaHAbl KOMaHAbl KOMaHAbl KOMaHAbl
ADDLW k 1011 0001 DCFSNz f,d | 0010 011d RETURN 0000 0000
kkkk kkkk ffff ffff 0000 0010
ADDWEF f,d 0000 111d GOTO k 110k kkkk RLCF f,d 0001 101d
ffff ffff kkkk kkkk ffff ffff
ADDWEFC f,d 0001 000d INCF f,d 0001 010d RLNCF f,d 0010 001d
ffff ffff ffff ffff ffff ffff
ANDLW k 1011 0101 INCFSZ f,d 0001 111d RRCF f,d 0001 100d
kkkk kkkk ffff ffff ffff ffff
ANDWEF f,d 0000 101d INFSNZ f,d 0010 010d RRNCF f,d 0010 oood
ffff ffff ffff ffff ffff ffff
BCF f,b 1000 1bbb IORLW k 1011 0011 SETFf,s 0010 101s
ffff ffff kkkk kkkk ffff ffff
BSFf,b 1000 Obbb IORWF f,d 0000 100d SLEEP 0000 0000
ffff ffff ffff ffff 0000 0011
BTFSC f,b 1001 1bbb LCALL k 1011 0111 SUBLW k 1011 0010
ffff ffff kkkk kkkk kkkk kkkk
BTFSSf,b 1001 Obbb MOVEFP f,p 011p pppp SUBWEF f,d 0000 010d
ffff ffff ffff ffff ffff ffff
BTG f,b 0011 1bbb MOVLB k 1011 1000 SUBWFB 0000 001d
ffff ffff uuuu kkkk f,d ffff ffff
CALL k 111k kkkk MOVLR k 1011 101x SWAPF f,d 0001 110d
kkkk kkkk kkkk uuuu ffff ffff
CLRF f,s 0010 100s MOVLW k 1011 0000 TABLRD t,if 1010 10ti
ffff ffff kkkk kkkk ffff ffff
CLRWDT 0000 0000 MOVPF p,f 010p pppp TABLWT 1010 11ti
0000 0100 ffff ffff t,if ffff ffff
COMF f,d 0001 001d MOVWEF f 0000 0001 TLRD tf 1010 00tx
ffff ffff ffff ffff ffff ffff
CPFSEQf 0011 0001 MULLW k 1011 1100 TLWT t,f 1010 01tx
ffff ffff kkkk kkkk ffff ffff
CPFSGT f 0011 0010 MULWEF f 0011 0100 TSTFSZ f 0011 0011
ffff ffff ffff ffff ffff ffff
CPFSLT f 0011 0000 NEGW f,s 0010 110s XORLW k 1011 0100
ffff ffff ffff ffff kkkk kkkk
DAW f,s 0010 111s NOP 0000 0000 XORWEF f,d 0000 110d
ffff ffff 0000 0000 ffff ffff
DECF f,d 0000 011d RETFIE 0000 0000
ffff ffff 0000 0101
DECFSZ f,d 0001 011d RETLW k 1011 0110
ffff ffff kkkk kkkk
Obo3HavyeHus:
f - appec pernctpa ot 00h go FFh.
p -agpec nepudepurHoro permctpa ot 00h go 1Fh.
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k -none KoHCTaHTbI (4aHHbIE UNKW agpec).

b -agpec 6uta B 8-Mu1 paspsagHOM perncrpe.

d -BbIGOp MecTa Ha3HayeHnsa ansa pasmelleHns pesynetata: ecnm =0 - pesynbtar
nomeryaetcs B pernctp WREG, ecnu =1 - B ykazaHHbI perncrp.

S -BbIOOp MecTa Ha3HayeHnsa ansa pasmelleHns pesynbtata: ecnu =0 - pesynbtar
nomeLlaeTcs B ykasaHHbIn pernctp n permctp WREG, ecnn =1 - TONbKO B YKa3aHHbIN
perncrp.

i - ynpaBneHue «TabnnyHbIM yKkasaTenem»: ecnun =1 - 3Ha4yeHne ykasatens
WHKPEMEHTMpPYETCA Nocre BbINOMHeHMs onepauun, ecnu =0 - He n3amMeHseTcs.

t - BbIOOp BanTa B 16-Tn paspsagHon «TabnuyHom 3awenkey»: ecnu =1 - ctapwun 6anT,
ecnn =0 - mnagwun 6ant.

X, U - He UCNOorb3yTCs, MMetoT 3HadyeHue 0.
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I'Ipe.qeanble U npepefibHoO AonyctunMblie peXxnmbl

paboTbl
Tabnuua 72
o 2 Hopma napametpa
2 3
HanmeHoBaHue napameTpa, eaMHuLa 7z I'Ipenen!:Ho MpeAenbHbIN pexum
U3mepeHus @ I |AONYCTUMbLIA PeXUMm

> 0

0 Q8 | He MeHee | He 6onee | He MeHee | He Gonee
HanpsikeHne nctoyHuka nutadus, B Ucc 4,5 55 - 6,5
Hanpsi»keHne nutanusa noptos PC n PD, B Uccp 3,0 UuccC - 6,5
BxogHoe HanpsikeHne BbICOKOro ypoBHsi, B
Ha BbiBogax PA(17, 20), OSC1 (47), USBCLK (6), 0,8eUCC uccC - UCC+0,3
MCLR (45)
Ha BbiBogax PE (7...11, 14...16) Un 2,0 uccC - UCC+0,3
Ha BbiBogax DM, DP (3, 4) 2,0 3,6 - UCC+0,3
gg Bl;:g()),qax PC, PD (21...23, 25, 28...31, 33...36, 2.0 UCCP i UCCP+0.3
BxogHoe HanpsikeHne HU3KOoro ypoBHs, B
Ha BbIBogax PA(17, 20), OSC1 (47), USBCLK (6), 0 0,2e¢UCC | MunHyc 0,3 -
MCLR (45)
Ha BbiBogax PE (7...11, 14...16) UL 0 0,8 muHyc 0,3 -
Ha BbiBogax DM, DP (3, 4) 0 11 MuHyc 0,3 -
Ha BbiBoaax PC, PD (21...23, 25, 28...31, 33...36, i
39...42) 0 0,6 muHyc 0,3
BbIX0QHOM TOK BbICOKOrO YPOBHSA, MA
Ha BbiBogax PA (19, 20), PE (7...11, 14...16), PC, - 6 - 10
PD (21...23, 25, 28...31, 33...36, 39...42) lon
Ha BbiBoge OSC2 (48) - 1 - 2
Ha BbiBogax DM, DP (3, 4) - 4 - 10
BbIXOAHOM TOK HU3KOIO YPOBHSA, MA
Ha BbiBogax PA (19, 20), PE (7...11, 14...16) PC, MUHYC 6 - MuHyc 10 -
PD (21...23, 25, 28...31, 33...36, 39...42) loL
Ha BbiBoge OSC2 (48) MUHYC 1 - MUHYC 2 -
Ha BbiBogax DM, DP (3, 4) MUHYC 4 - MuHyc 10 -
Hanps»keHne nporpaMMmnpoBaHns U cTupanus, B, Ha i i
Bxogax: MCLR (45), TEST (46) Uer 13,75 12,25
YacTtoTa crnegoBaHvst UMNYSbCOB TaKTOBbIX f i 33 i i
curHanoB MukpokoHTponnepa (OSC1(47)), Ml'y, c
YacTtoTa crnegoBaHust UMMNYbCOB TaKTOBbIX f i 48 i i
curuanos koHTponnepa USB (USBCLK(6)), Mru, UsB
[nnTenbHOCTb NPOrpaMMMpoOBaHMsA OOQHOrO CroBa,

tovw - 500 - -
MKC
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o 2 Hopma napameTpa
oz
I o
MNMpepenbHO -
HanmeHoBaHMe napameTpa, egnHuua Tz pen k MpenenbHLIN pexum
U3MepeHuns E e:l':’ AONYCTUMbLIN PEXUM
>0
Lo 'S | He MeHee | He Gonee | He MeHee | He Gonee
[NMTenbHOCTb CUrHana BbICOKOroO YPOBHS Ha BXOAAX | twH(cLKiN) 15 ) ) )
PAL1/TOCLK (18) n CLKIN (47), HC twH(TocLk)
[ANUTEenbHOCTb CUrHana BbICOKOrO YPOBHS
twHUsBCLK) 10 - - -
CUHXpoHu3auumn Ha Bxoge USBCLK (6), HC
[ANUTEenbHOCTb CUrHana BbICOKOrO YPOBHS g 40 i i i
npepbiBaHust PAO/INT (17), He WHONT)
[INUTENbHOCTb CUrHaNa HNM3KOro YPOBHS CUCTEMHOTO 100 i i i

c6poca, MCLR\Upp (45), He twiveLr)

MapamMeTpbl yHMBepcanbHOro nocrefoBaTesibHOro CUHXPOHHO-aCMHXPOHHOrO NpuemMonepegaTymka

Bpemsi yctaHoBneHus gaHHbix RX/DT (19)

OTHOCMTENBHO CHHXPOHU3aLmK TX/CK (20), He tsumx-RY 17 ) ) )

Bpems yoepxaHusa gaHHbix RX/DT (19)

OTHOCUTENbHO CUHXPOHM3aLmn TX/CK (20), He trx-R0 17 ] ] ]

MapameTpbl aHanoroBoro npuemo-nepegatynka USB

[nnteneHocTe EOP npn npneme USB Ha nuHmsx t 140 180
DM (3) n DP(4) (full speed), Hc FOPF

[AnuteneHocTe EOP npu npneme USB Ha nuHusx

DM(3) 1 DP(4) (low speed), Mkc teorr | 117 1,50

MapameTpbl Tanmepa 0

[rMTenbHOCTb CUrHana BbICOKOro YPOBHS Ha JIMHUK
PA1/TOCLK (18), HC, twH(TockI) 15 - - -
npeckanep BKIK4YeH

,D,J'IVITeJ'IbHOCTb CUrHana HMU3Koro ypoBH4 Ha NIMHUA
PA1/TOCLK (18), HC, tWL(TOCKI) 15 - - -
npeckanep BKIK4YeH

[lnntenbHoCTb (prHTa M cnaga BXO4HOro curHana <
r

Ha BbiBoae OSC1 (47), He - 5 - -
npu: fc=33 My, i

[nMTenbHOCTb OPOHTA 1 cnaga BXOAHOro curHana

Ha BbiBoge USBCLK (6), He T USBCLK - 5 - -
npu: fUSB=48MIy LUSBCLK

EmkocTb Harpysku, nd

Ha BbIBogax: (7...11, 14...16, 19...23, 25, 28...31, C. - 50 - -

33...36, 39...42, 48)

[pumeyaHue
He ponyckaeTcs ogHOBpeMeHHOEe BO3AeNCTBME ABYX U Bonee npeaesnibHbIX PEXNMOB.

N - B Ha3BaHuM BbIBOAA - 0603Ha4YaeT MHBEPCUIO.
EOP - kombuHauusa curHanos DP (3) n DM (4) paBHbix 0, o6o3Havatowasa okoHyaHne USB
nakera.
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3neKTpVI‘-IeCKVIe napamMmeTpbl MUKPOCXeMbl

Tabnuua 73

HanmeHoBaHuMe napameTpa,
eAuHULa U3MepeHus,
peXnum usmepeHus

BykBeHHoOe
obo3HavYeHue
napameTpa

Hopma
napameTpa

He MEeH

ee He Obonee

BbIxogHoe HanpskeHne HU3KOro ypoBH4, B,
Ha BbiBogax PC, PD (21...23, 25, 28...31, 33...36, 39...42)
npu: UCCP= 3,0 B, UCC=4,5B, I0OL=6,0 MA

Ha BbiBogax PE (7...11, 14...16)
npu: IOL=6,0 MA

Ha BbiBogax PA (19, 20)
npu: IOL=6,0 MA

Ha BbiBogax DM, DP (3, 4)
npu: IOL=4,0 MA

Ha BbiBoge OSC2 (48)
npu: IOL=1,0 MA

UoL

0,4

0,4

0,45

0,3

0,45

BbixogHOe HanpskeHne BbICOKOro YPOoBHS, B,
Ha BbiBogax PC, PD (21...23, 25, 28...31, 33...36, 39...42)
npu: UCCP= 3,0 B, UCC=4,5B, IOH=6,0 MA

Ha BbiBogax PE (7...11, 14...16)
npu: IOH=6,0 MA

Ha BbiBogax PA (19, 20)
npu: IOH=6,0 MA

Ha BbiBogax DM, DP (3, 4)
npu: IOH=4,0 mMA

Ha BbiBoge OSC2 (48)
npu: IOH= 1,0 MA

UoH

2,4

2,4

4,05

2,8

4,05

YpoBeHb HanpsikeHust Ansi cpabdaTbiBaHUSA CXEMbI
reHepauum cbpoca, B

Usor

3,6

4,3

YpPOBEHb BbIXOAHOMO HaMPsKEHUs1 BHYTPEHHErO peryndaropa
HanpsbkeHus, B,
npu: UCC=4,5B, IOH=40 mA

Ussout

3,0

3,6

CraTtnyecknii TOK NOTPEBNEHNS B PEXMME MOKOSI, MKA,
npu: UCC=UCCP=5,5 B

Iccs

50

OuHamMmnyecknin Tok noTpebneHus, MA,
npu: UCC=UCCP=5,5 B, fC=33 Ml'u,
fusSB=48 MI'y,

locc

100

BXxOQHOM TOK YTEYKN BbICOKOrO YPOBHS, MKA,
Ha BbiBogax PC, PD (21...23, 25, 28...31, 33...36, 39...42)
npu: UCC=UCCP=5,5 B,UI=55 B

Ha BbiBogax PE (7...11, 14...16)
npu: UCC=UCCP=5,5B, Ul=5,5 B

Ha BbiBoAax PA (17...20)
npu: UCC=UCCP=5,5 B,UI=55 B

Ha BbiBogax DM, DP (3, 4)
npu: UCC=UCCP=5,5 B, Ul=3,6 B

liLH

[£1,0[*

[£1,0[*

[£1,0[*

|£5,0[*
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HanmeHoBaHMe napameTpa,
eAvHULA N3MmepeHus,
peXnum usmepeHus

Ha BbiBogax OSC1, USBCLK (47, 6)
npu: UCC=UCCP=5,5 BUI=55 B

Ha BbiBogax nMCLR, TEST (45, 46)
npu: UCC=UCCP=5,5 BUI=55 B

BykBeHHoOe
obo3HauyeHue
napameTpa

Hop

Ma

napameTpa

He MeHee

He bonee

|£1,0[*

|=7,0]*

BXxogHOM TOK yTEYKMN BbICOKOIO YPOBHS, MKA, Ha BbiBOSAX
MCLR, TEST (45, 46)
npu: UCC=UCCP=55 BUI=12 B

liLHL

1+90|

BXoOHOM TOK YyTEYKN HMU3KOIO YPOBHSI, MKA,
Ha BbiBogax PC, PD (21...23, 25, 28...31, 33...36, 39...42)
npn: UCC=UCCP=5,5 B,UI=0 B

Ha BbiBogax PE (7...11, 14...16)
npu: UCC=UCCP=5,5 B,UI=0 B

Ha BbiBoAax PA (17...20)
npu: UCC=UCCP=5,5 B,UI=0 B

Ha BbiBogax DM, DP (3, 4)
npu: UCC=UCCP=5,5 B, UI=0 B

Ha BbiBogax OSC1, USBCLK (47, 6)
npu: UCC=UCCP=55B UI=0 B

Ha BbiBogax NMCLR, TEST (45, 46)
npu: UCC=UCCP=55BUI=0 B

liLe

|£1,0[*

[+1,0[*

|£1,0[*

|£5,0]*

|£1,0[*

|=7,0]*

Mepuog paboTbl BHYyTPEHHETO
RC - reHepaTOpa CTOPOXEBOro Tanmepa, MKC
npu: UCC=UCCP=4,5 B

Trec

60

140

MapameTpbl yHMBepcanbLHOro nocriegoBaTesrlbHOro cu

npuemonepegary

nKa

HXPOHHO-aCUHX

POHHOro

Bpemsa 3agepxkun gaHHbix RX/DT (19) ot opoHTa TX/CK
(20), He

npu: UCC=UCCP=4,5B

td(TX-RX)

50

MapameTpbl aHanoroBoro npmemo-nepenatymka USB

Bpemsa HapacTaHusa 1 cnaga BbIXOOAHOIO curHana, He
Ha BbiBogax DM, DP (3, 4) (Full Speed)
npu: UCC= UCCP=4,5B, CL=100 n®

tr_FS
ti Fs

30

Ha BbiBogax DM, DP (3, 4) (Low Speed)
npu: UCC= UCCP= 4,5 B, CL=400 n®

tr_LS
ti Ls

300

[pumeyaHue
N - B Ha3BaHWK BbIBOAA - 0603HA4YaeT MHBEPCUIO.

* - AonyckaeTcda naMmepeHmne CyMmmapHOro Toka rno ecem ebiBOAamM o4HOBPEMEHHO.

UCCP — HanpsieHue Ha BbiBogax UCCP1 n UCCP2.
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Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),
K1886BE3(31)QIl, KI886BE3(31)H4

AneKTpuyeckne napameTpbl MUKPOCXEMbI, KOHTPONUpPYEMbIe Ha obLien

nnacTtuHe
Ta6bnuua 74
o Hopwma ©
88  napamerpa i O
HanmeHoBaHue napameTpa, Zob E -
eANHMULIA U3MEPEeHUS, Q © = He o é
peXum usmepeHus 3 5 2 Hé MéHee 6 =3
S ornee =0
o -
BbIxogHoOe HanpsikeHne HU3Koro ypoBHs, B
Ha BbiBogax DM, DP npu: lo.=4,0 MA UoL ) 0,29 25
BbIxogHOe HanpsikeHne BbICOKOro ypoBHS, B, i
Ha BbiBogax DM, DP npu: lon=4,0 mA Uo 2,88 25
YpoBeHb HanpsXXeHus1 BHYTPEHHero perynaropa
HanpsbkeHus, B, npu: lon=40 MA Uss our 3.1 3,5 25
Cratnyeckui Tok NOTpebneHnst B pexxmmMme nokos,
MKA, lccs - 48,5 25
npu Uccp=5,5 B, nMCLR=0 B
© AO «lKK MunaHdp» TCKA.431295.003Cr1 168



Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),

K1886BE3(31)Ql, K1886BE3(31)H4

TunoBble 3aBUCUMOCTH

3aBUCUMOCTb 4acToThl reHepartopa, B pexume RC, oT BHeLlHnx BpemMA3adaroLlnx

anemeHToB (R, C), npu: UCC=5 B, T= 25°C.

. e
. pd
) e

60

4 45 5 55 6
Ucc, B

Puc. 63 3aBMCMMOCTb AMHAMMNYECKOro ToKa
noTpebneHnsa oT HaNPSXKEHUS NMUTAHMUS

npu: T= 25°C, fC=33 Ml'y, fuse= 48 MI'y

lccs, MKA
S

4 45 5 55 6
Ucc, B

Puc. 65 3aBMCMMOCTb CTaTU4ECKOrO TOKa

noTpebneHnsa oT HaNPSXKEHUS NMUTaHMUS

npu: T=25°C

Tabnuua 74
Cext Rext fc
10 kKOm 2676 kly,
22 nd 100 KOM 278 kT4
3.3 KOm 2856 kl'y,
5.1 kOm 2000 klMy,
100n® 10 kOMm 1080 kI
100 kKOm 116 kl'y,
3.3 KOm 1120 kl'y,
5.1 kOm 756 kl'y,
300 no 10 kOM 404 kI
100 kKOm 27,6 kl'y
< <
Z g5 i 20
3 yd £
60 |

50
40
30
20
10

0 5 10 15 20 25 30 35
fc, My

Puc. 64 3aBMCUMOCTb ANHAMNYECKOro ToKa
noTpebnennst OT YacToTbl CNeaoBaHUA
cuHxpoumMnynbcoB (fC)
npu: T= 25°C, Ucc = 5,5 B, fuse=48 Ml'y

Uon (DM, DP), B
3,26 3,28 3,3 3,32 3,34 3,36 3,38 3.4 3,42 3,44 3,46 3,48

lo (DM, DP), MA

© & N & & b b b L oo

>

Puc. 66 3aBUCMMOCTb BbIXOAHOIo
HaNpPsAXXeHUs BbICOKOIo YPOBHS Ha
BbiBOgax DM,DP oT Toka Harpysku
npn: T=25°C, Ucc =4,5B
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10 Uon (PA), B

e

4,15 42 425 43 4,35 44 4,45 45 4,55

lo (DM, DP), MA

lon (PA), MA

9
8
7
6
5
4
3
2
1
0

b b 4 b b oAb A Lo

0 10 20 30 40 50 60 70 80 90 100
UoL (DM, DP), mB

=)

Puc. 67 3aBUCUMOCTb BbIXOJHOMO HanpshkeHnst  Puc. 68 3aBUCUMOCTb BbIXOOHOO

HU3KOro YpOBHS Ha BbiBogax DM,DP ot Toka HaNpPsXKEHNS BbICOKOIO YPOBHS Ha

Harpysku npu: T= 25°C, Ucc = 4,5 B BbiBoAax PA OT Toka Harpysku
npn: T= 25°C, Ucc=4,5B

5}

Uon (PD), B
43 4,35 4,4 4,45 45

IS
o
>
S
a

loL (PA), MA

lon (PD), B

o & N &5 & b b b L oo

o =24 N W A O O N ® ©

>

0 50 100 150 200 250 300
UoL (PA), B

Puc. 69 3aBMCMMOCTb BbIXOAHOIO HaNpPsKeHUsI Puc. 70 3aBUCMMOCTb BbIXOAHOIO

HN3KOro ypoBHA Ha BbIBOAAX PA ot Toka HanpsaXeHna BbICOKOIo ypoBHA Ha
Harpysku npu: T= 25°C1 Ucc= 4,5 B BbiBOOax PD ot TOKa Harpys3ku
npu: T=25°C, Ucc=4,5B, Uccpr=4,5B
Uow (PD), B g0

»n
@
o

2,7 2,75 2,8 2,85 2,9 2,95 3

lo. (PD)

lon (PD), MA

9
8
7
6
5
4
3
2
1
0

0 20 40 60 80 100 120 140 160
Uo. (PD), mB

o b N 5 &b A b v 4L o

S5}

Puc. 71 3aBUCUMOCTb BbIXOAHOIO HaMNpsiKeHUs Puc. 72 3aBUCMMOCTb BbIXOAHOTO

BbICOKOrO YPOBHsI Ha BbiBogax PD oT Toka HaNpPsXKeHUsS1 HU3KOro YPOBHS Ha BbIBOA4AX
Harpysku PD oT TOoKa Harpy3ku
npu: T=25°C, Ucc=4,5B, Uccr=3,0B npu: T=25°C, Ucc=4,5B, Uccpr= 3,0 B

© AO «[l1KK MunaHOp» TCKA.431295.003Cr1 170



Cneyugukayus muxpoxonmponnepoe 1886BE3(31), K1886BE3(31),

K1886BE3(31)Ql, K1886BE3(31)H4

S}

lo (PD), MA

o 4N W A OO N ® ©

0 20 40 60 80 100 120 140 160

Uov (PD), mB

Puc. 73 3aBUCMMOCTb BbIXOQHOMO HanpsikeHust
HW3KOro ypoBHS Ha BbiBogax PD

OT TOKa Harpysku

npu: T= 25°C, Ucc=4,5B, Uccr=4,5B

Uon (PC), B
2,7 2,75 2,8 2,85 2,9 2,95 3

n
@
@

lon (PC), MA

o & N4 &5 &b A b v L o

5}

Puc. 75 3aBUCMMOCTb BbIXOAHOIO HaNpPsKeHUsI
BbICOKOro YpOBHsi Ha BbiBogax PC oT Toka
Harpysku

npu: T=25°C, Ucc=4,5B, Uccr=3,0B

=5

lou (PC), MA

o 24N W A OO N ® ©

0 20 40 60 80 100 120 140 160
UoL (PC), MB
Puc. 77 3aBUCMMOCTb BbIXOAHOIO HaMNpsi»KeHUst
HN3KOro YpoBHS Ha BbiBogax PC oT Toka
Harpysku
npu: T=25°C, Ucc=4,5B, Uccr=4,5B
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Uon (PC), B
4,3 4,35 4,4 4,45 4,5

lon (PC), MA
IS
N
IS
N
o

b & N & & kb b v 4L oo

=)

Puc. 74 3aBUCUMOCTb BbIXOQHOIO
Hanps»XeHUs BbICOKOIo YPOBHSA Ha
BbiBogax PC oT Toka Harpysku

npn: T= 25°C, Ucc= 4,5 B, Uccr=4,5B

<
<10

low (PC),

o 24N W B O O N ® ©

0 20 40 60 80 100 120 140 160
UoL (PC), mB

Puc. 76 3aBUCMMOCTb BbIXOAHOIO
HanpsPKeHNS HA3KOTO YPOBHS Ha BbIBOAAX
PC ot Toka Harpy3sku

npu: T=25°C, Ucc= 4,5 B, Uccr=3,0 B

Uon (PE), B

Ex

4,15 4,2 4,25 43 4,35 4,4 4,45 4,5 4,55

lon (PE), MA

b & L & & b b b L oo

3

Puc. 78 3aBUCMMOCTb BbIXOQHOIO
HaNpPs»KeHUs BbICOKOrO YPOBHS Ha
BblIBOgax PE oT Toka Harpysku
npn: T= 25°C, Ucc=4,5B
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loL (PE), MA

o 24N w A OO N ® ©

150

200

250

300

Uov (PE), mB

Puc. 79 3aBUCMMOCTb BbIXOAHOIO HaNpPsiKeHUst

HW3KOro ypoBHS Ha BbiBogax PE

OT TOKa Harpys3ku npu: T= 25°C, Ucc=4,5B
<

84,6

loce, M

84,4

-

84,2

//

/

84

83,8

83,6

83,4

83,2

83

82,8

-80 -60 -40 -20 0

20

40

60

80

100
T°C

Puc. 81 3aBUCMMOCTb ANHAMMYECKOro TOKa
notpebnennsa ot Temnepatypbl
npu: Ucc= 5,5 B, fc=33 MI'y, , fuss= 48 MI'4
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3,28
3,26
3,24 \\
3,22

3,18

Ussout, B

3.12
3,1

0 50 100 150
lon (U330UT)» MA
Puc. 80 3aBMCMMOCTb YPOBHSI BHYTPEHHETO

perynaTopa HanpsbkeHust OT TOKa Harpysku
npu: T=25°C, Ucc=4,5B
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[abapuUTHbLIN YepTeX MUKPOCXEMbI

ananonooonnmnnrn
_Jugudououodooauo |
5 x
¢ £
3 o
48 BbiBOogoB 0,32-0,11 ™
T 0,15(M)
“nnnnnnnn
43 - N .30
— |/ N\ | =3
— — g
— A— Il é
48 —— gy — c
y i m—y — — ol
[ — < | &
[ — O —
— :I = U
Krto4 — | | JlB=--1
60— \ B :
1
7 18
11x (1,0 = 11,0
+0,3
| 14,2 o215

Puc. 82 Kopnyc H16.48-1B
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K1886BE3(31)QIl, KI886BE3(31)H4

Koy |
64 49 YcraHoBouyHas 1,400,055
T NMOCKOCTb
N ~N : :
c| o —
H| H = |
N o T
| - —
O O : i
= A
_y )ﬁ
17 0 5
— 0,22 £ 0,05 1.6 max
64 BbiBOAA

15 08175,
P

A(20:1)

Mj}

Puc. 80 Kopnyc LQFP64

1. Hymepauus BbIBOOOB NoKa3aHa YCMNoBHO.
2. Paamepbl hacok He pernameHTUpPyTCS.

0,145 £ 0,055

r
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148

049

050

151

052

02

03

04

05

16

31 O

30 O

29 O

28 O

27 O

26 O

25 [

240

23 0

220

21 O

[NpumeyaHue

Puc. 81 Kpucrann 6,65 max x 6,51 max (Mm)

Homepa KoHTakTHbIM nrolwaakam KpucTanna (Kpome nepBoit) MPUCBOEHbI YCIOBHO.
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UHopmauusa onsa 3akasa

TemnepaTtypHbIn

O603HayeHue MapkupoBka Tun Kopnyca ManazoH
1886BE3Y 1886BE3Y H16.48-1B MuHyc 60 — 85 °C
K1886BE3Y K1886BE3Y H16.48-1B MuHyc 60 — 85 °C
K1886BE3YK K1886BE3Ye H16.48-1B 0-70°C
K1886BE3QI MDR8F3QI LQFP64 MuHyc 40 — 85 °C
1886BE31Y 1886BE31Y H16.48-1B MuHyc 60 — 85 °C
K1886BE31Y K1886BE31Y H16.48-1B MuHyc 60 — 85 °C
K1886BE31YK K1886BE31Ye H16.48-1B 0-70°C
K1886BE31Ql MDR8F31QI LQFP64 MuHyc 40 — 85 °C
[lpumeyaHue:

MVIKpOCXGMbI B GGCKOpFIyCHOM MUCMOJIHEHNUN NOCTaBNAKOTCA B BWAe OTAEelbHbIX
Kpuctannos, noftydaemMmbiX pasfaefieHnemMm nnactuHbl. MMKpOCXGMbI NOCTaBIIAKTCA B Tape

(kericax) ©e3 noTepu oOpuEHTaUUMN.

K1886BE31H4, HaHOCKTCA Ha Tapy.

MapkmupoBka MUKPOCXEMBbI

Mukpocxembl ¢ npuemkon «BlM» mapkupyoTcs pomoom.

Mukpocxembl ¢ npuemkon «OTK» Mapkupytotcst 6ykon «K».
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INucT pernctpaunm nameHeHumn

Ne Hata Bepcus KpaTkoe coaepxaHue nameHeHus NeNe namense-
n/n MbIX NIUCTOB
1 27.02.2010 2.2 1. icnpaBneHne onevaTok; 1,2,7,21,
2. NcnpaBneHne Ha3BaHU pPerncTpos, OuT; 23-26, 28, 29, 30,
3. BBeaeH nucT pernctpaumm n3amMeHeHuin 32, 39, 41- 44, 63,
68, 73, 83, 85-93
2 |26.03.2010 2.3 1 KoppekTupoBka Ha OCHOBaHWM MnaHOBOro 1,7,16, 109, 172,
nepecmMoTpa gOKyMeHTaumm 173
3 |12.04.2010 2.4 [ob6asuncsa absay EEPROM... 95
Jlnctbl nocne 95 +1
4 | 27.04.2010 2.5 3ameHa noroTuna 1
5 104.04.2011 2.6 YTOYHEHME onncaHus paboTbl MUKPOCXEMbI 25,31, 62,63
6 |06.10.2011 2.7 YTOYHEHME HAaUMEHOBaHUSA MUKPOCXEM Mo Tekcty
7 106.03.2012 | 2.7.0 | PegaktupoBaHue TekcTa Mo TekcTy
8 121.03.2012| 2.7.x | BBegeHa mukpocxema B 6eCKOpnyCHOM Mo Tekcty
NCMONHEHUN
9 15.03.2013 | 2.8.0 | VcnpaBneH Kog B Tabnuue KOHCTAHT 3aMeHbI 93
10 | 13.06.2013 | 2.9.0 | UcnpaeneHbl 0603HAYEHNS 1 MAaPKNPOBKa 1, 3,183
MUKPOCXEM B M1aCTUKOBOW Kopnyce
11 | 06.08.2018 | 2.10.0 | cnpasneHbl YO Ha pucyHkax 1 un 2. 7
JJobaneHa cxema noaknYeHns
MWKPOKOHTpOMepa K nporpammaTtopy 157
[lononHeHo onncaHue BHYTPEHHEro
ncToyHuka nutaxusa 3,3 B. 160
McnpaeneH rabapuTHbin YepTex
MUKpocxeMsbl B kKopnyce LQFP64 181
12 |10.10.2019 | 2.10.1 | JobGaeneH pasgen YkasaHusi Mo NPUMEHEHMIO 14,15
W aKcnnyatayum
McnpaBneHa one4vaTka 136
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