N RAREURFE T EFE RS

I‘ﬂ 7’7 = /f > );,g._‘

http://www.ndip.c




BKARBHERERIHEFRET

VHDL H i it K

FTiERE 45
RLE N4 HBE

[ B
(-



R &F & M

FAPEABMET R TERRBALARAGALE AR T ERAHFERLL LT RE,
FikFe g R, FEEHLE P XKL RSB R EPROM 44 8B  GAL.iSPLSI ¥
HEIBBHGRE RBEAMEAEG, BPHAESEETRER BT R 66 F
TEAEFFINGEAB LR A TR LEEFRRM, S5 B THEIRAET
(HDL) A #H F o B FARGHER, FAGBMERART VHDL 69552 5, £
sAs L AFEAVHDL 4 T A, AB T UM B 65 k537,587 U4 R
BB EEH 2 FHBTELREAPBAEIATEHNES, B PRt
VHDL &AM F o)t m BT @R, RE—3FNM 8T H 5 8 A HBERGHF
HhLBHER,

AF2 VHDL A THFERE 40T HRER, THAXSRAT E KL
FTERFEFRTLZFERAHERHRE LGOEM, LTHEARFTERELREYE R &
ARGEE R,

BB 1ERRS B (CIP) ¥

VHDL H BT HA/ THEEES  —Jba - HEF Tk 8
Rt 2004.1

(BAXESFREFITSF LR

ISBN 7 - 118 - 03352 -9

I.v... I.%... I.OBTHEE-bBKRigTOE
HHRiES , VHDL - i IV.OTN702QTP312

o iR A B 548 CIP B3R 7 (2003) 5 124841 5

B 5o E o ope i HRAAT
(b i K &1 BeRsBs 23 5)
(REBU4FS  100044) L aa
JCE BEEENR R
FiEBIESY
FF4 787x1092 1716 EP5K 26} 612 FF
004 1L HB IR 2004 4F 1 AILEE 1 kAR
EP¥:1—4000 Mt EH:36.00 T

(HMFPERRR, R LR ER)




i

it

WTREMPFEBR SO ZNATHEENGE, F &SR EREREN
IhEE, W R E REL A ESR, Bk TR ARG M TR A A R OFEBRFHRTREAN
HuRAIHR

BT T B ARTE BIB9S IT A0 20 42 60 ARG B9/ NAREE i A B% (SSD i, 3
TR IS A B T BEERA 70 FRLUG , P HBLEE B B (MSI) Fl K SUEE /L
RS (LSRRI S R Th , & 7 B B PR AR, PR T 84 , (HiRT 7 B A0 A B 40 i B R
RUEMEBER,

HRT, KA AR K T SRR 28 2 7 R LB, e TR
TR FRT Y BN HBR (R A BRI K485, 1 R R 4L Al iR B
B/EG TUEAYEBEHAZBENBRT RGN ARATAS, A UXLHB FREXN
BEFE,

HER BRI BB ERNRELBYE TR FRENERRIT T E, 48
Fitit 8 #4L(EDA) #ud T R 45 i3t A 3L (ESDA) BB B F R G iR T k& 89
FEHARTE, WFR T REMRT NS5 R 5 7 BB R LK
R B B, B AT T S PSRRI RE A & F &R BLHEL 3% (ASIC)

BEES THARNER, & A KE B EERE , BTN 2 Ea AT IR R E
RER, UREFESEHATRESAEHERIITARNER, TRRABEM4#EE
% HDL it REEAEmiA . B THERT R IIEBR IR, FEm &R NERERER
B, XAE, BB T =R EDA HAR, HiF A5t R B B KT A 3046 (HLDA, High
Level Design Automation)

=/ EDA B4 PR T ABHHRIES —VHDL EF B3 A T AGZE
BRESTH, RARENHMERIGH T, F BRI R EE, XHEREERKRE
B ZR e BT RAE. SA M T R ARG A 85 RRE TR,
HLE =R EDA REH R T RENH

APBEEERCOLTHEEFEAGHNRANR, BB CESERAREE
%, % VHDL B T#eRs, B S 08CRg B . MigsHrilsaieg, &
SR o4 BI%E 80CS1 B A HL . ATA(ATAPI) B #R/E I PCl BARIBIER T T o

A48 VHDL B FRFE B PE &R, TRERREE BN — 1 #URE.
HrhE A KB EAN BT RESNEANENGEH, XBLHR EEEEBESE
BB EARARBE, AN LRETERART BERBE . AEPERETENR
BN GBS B EAE X, MR A FAEE EREXMEURE, ZHXEXEFTHET
SEEE TS 0 RIR FiHieiB = dxd it B 18 MR 2 2 44 & B BoR IR R B4



I\

o CGREREERSY Y VHDL &5 TR RIS,

EDA # ESDA AR RIE FLEMHAITH FRAME F LRI OMEB MK
Ro

ATENETFREERHTERNERMEFBTHEAANTE, A0 EHF I8
RS EEA B T BORMBCE R T R DB e B 7 BB R AR RHRS , 3/
MR B N AR TR, BSR T RUR AL T N A R SR X T R LA 4228
R RERERETRRENN B, FiEEBERAEREA,

i S i RSO HE B R R SR AR B R K F R R A BT R E, X R F BRI EE
MRBRER Y, BTEEKREER, MZHEGR, P ERFERRIAL, ]
HTREETUMRIE,

A
2003 £ 12 A



1.2
1.3
1.4

FoF

2.1

22

23

¥$3%
3.1

3.2

BEID vttt e e et bbbt ae ettt ernnas 1
BFEBEAIAE A P TTTE e reemesss st e sassssssss s e 1
101 BCFEIEIDE it sves st b s nen s 1
112 B dL BB AT B vt ettt et et st en et e s e et eeee 2
113 BFEBEFTHRIZ AR RT E o 3
BRI T BKIE B vvercecremer i sisconenamses e s esessasnsassesasssssnssssesasnssessesesesenaneaesses 3
B S B IR BB oottt ene s b s 4
L BRIGLIR T oeorerrerrmmemrmnen i s st s 5
141 HFZLAT I oo 5
142 WL ZBEIEHF T 3 e oorereemeerseeiessinsse st s st ssssns s s s st s esennsesass st sa s sr e snaennes 7
BB G HRTD - vovevrreneeeerse st se b s s st ee s e et 12
TR T v erevesrerenncuesirenseese i seme st es et se s ba s as s s en st et 12
210 R e e 12
212 THE] e e et et 14
213 AEFHEEI T e s 17
AR B oo 19
221 W RILHIEEE G T BB 19
222 J5+EHI R AR R BEEIE oo 19
223 ATE AT Z ] EEEBE oot 27
224 FHh BT BT EGEEIR oo s 22
I vt bbb e 23
231 S HEBIBOD)E oo s 26
232 FABARBEAD oot e et 31
233 FH A i e 31
BB R R E B e 33
SBEE AR B o ovovee et e e 33
311 BEE T TR oo s 33
312 B AGBARIE JL o orrevevrereremmesneresesssssassasesesse s ssssinss s b s 39
3.1.3 TEHTENEE o st 41
FE B GETH oovvmmeeseiesss et s 42
321 FBHEI .o e s 42

322 A RARIKIEBE oo 4?2



33

34

F4iE
4.1

4.2

43

¥5%

5.1

52
53

5.4

55

323 —EFBRYIBHEHLIN oo s s 44
BB ZETE T eveeerensseress e ssessssessss e R 47
331 BB TARIEK oo 47
332 B RITARIE K ITAIE K, coorrrrremrrerermsiessssssnnssssssssss s i 48
333 IREAHTELIEE SOP Fo POS FIK K -oerverenmnnnieinaies 49
SBEBAL T ovvrereeeseneseeeesteesenessssss s s AR SRR R 49
A1 AL A oot s s 49
342 FRBALME e e 53
343 Q=M TR creerereeremes i 55
PR AIBAB B R cvoeeeeersrre e st e 62
FELIR «ocvrerenrserersnsesies et 62
A1.1  BEF BRI K correvemmeeveesssmsssimnmima s s 62
412 ZHA BB W I oo s 62
S A IBIB LR (BTT) -oeervrs oot 64
421 LA TEAE B FBEG AT o 64
4272 SAATEAR W IBAGIRIT e e 68
U A BB B I TG 15 I cooveerereeeeeresssssssssssesssss s e 82
431 AABAHY G F AR e 82
432 BB B FEEFFIE 84
e 3782 (1 U O OO PP PRSPPI 90
BB oo e s s e R R 90
S 1L K oot bas e a2 R 90
512 BARGEHETT oo s e s 91
S13  FA BRI e een s s 92
518 AT oo eeeeeee et s s s s s sty ssR A SRS Rt s s 00 95
BN T TTHER oo ee e s s ess s s 95
TTL BB DT oo serecsess s ssmmssssssass s ssas s srap s sss s e s 100
531 ZME—RE B THIZ(DTL) ccoveeercnrrreniesssrssnssesscnssinn s sissseess 100
532 SRS ARG FARITHIB(TTL) oo 101
5§33 TTL SEHBIE R FU oot seenss s 109
534 TTLYRE. EEMIFBTIEZAETT i 112
ARG EE S IBIR(BCLY Tovvronerveoserrereemmeseamssnsrsssssesssssssssesssssssssisn s sssmssssssnsssessssins 115
S 4.1 BRBIFWIEE ooooeeieoeeetes st s s R0 115
5.42 ECL TTHEFRELIE L oooioeeeteeeereemenes it sran s s 117
MOS ZBEB T T oo eeseeeee s re s sse s ses bbb bR bR R 118
551 NMOS FZAETTEIE oo s 118
552 PMOS B THLIE ..oooooeirirriessesseeimesares sttt st 121
553 CMOS FZHEITEIE oo crrnecsommesssssassss s 122

56 AEIEBBEFTUIBCE IR .cooocecir e 130



5.7
¥6E
6.1

6.2

6.3

6.4
$7E

7.1

7.2

73

7.4
1.5

¥8E
8.1
8.2
8.3

561 ZFEEFAIELA oottt et e sne e 130
562 BEBIAE AT HIBEAS ..ottt ereaee s e 130
S Fohe kA -5 ok RO 130
BB B ettt ettt et ettt 132
R BB BRI ..o s sra e s e 132
B BRI R BB .ottt e et s ne sttt e esenerana st 133
6.2.1 FEARSEFIBEE B o.o.oooooeoeeeeeeeeeeeeeeeeveeevseesreserssssvas s esesssesssass s s 133
6.22 BIAB oo s s aa e bttt 135
6.2.3 MRS AEE B oottt st 137
624 APFERS ARE D oo st st at s 138
6.2.5 FARTK AEEZE oottt s st e s ne s 140
THHERIIZ B .ot eeeeass e es et s s e e er st s sne st aen et 145
6.3.1  FEAEEK TJK FIF ... ss e an s samss s s s eaensesnsnsnos 145
6.3.2 DBEE B oot e 146
6.3.3 TR B oot s r s 147
6.3.4 ARABITHIFEEAIIIE oottt 148
BRI R BETIE T oottt s et a e 150
GIE Lottt g - 0 : OO 152
BT oot et es ettt n s rr s et 152
CIE Ty iaptck: s =g E - . e OO 153
T21 PLD ABEIR oot eeeeestmse s et seeaesaenanss s et en st 153
722 ERTTEIEE PLD E T F K oo ssensssnanssse s esss s eesesse e 155
723 PLD BB R TRIE cooooeeeeeeeeeeeeeeeeereee e teees st ssa s s ssnas sttt 155
AT GRIBRET B (PAL)ZR A < ooooeeeeeereeeeeess st s s sams e ss e sn s essasesasias 156
731 B THAZZHE I (FPLA) B oooereeeeerrernreensecesnisenereersecnineseaseeions 156
732 PAL BAGREARIEH oot nen 158
733 PAL BB B A BATEE M oot 159
734 PAL BHAHFT5HA PAL BAMNLD ..o 165
735 PAL BAFBIFI I oot eesrsssre e s s sass e sr s emesessaesa s s snnin 165
T B FEFNGAL)ZE M ... ecssse et sesss e sessssans s s 167
741 GAL BAFEE AR LR ettt 167
742 PAL B GAL B oo ees s tess s eressnsssn st assaasi s b 168
5T GBI IR AE(CPLD) ..o esssessrass st srssssssssass s 176
TSL BBEIE oot st e s e s a Ao a e s b s e 176
752 A FEHA CPLD LB oo 178
BB IRIEE VHDL oo eev s sn s it s s bbb 181
T B A T T EE oo seaes s esr st es s ss s e ass s 181
P HDL BB BT T I oot sre e sssssmsss et sssessse 181

VHDL BB T T oo ee et st sb s s 182



v

IS 10) B2 A= 0B Ny A O 182
R X 2 - S 182
BA2 BB\ ELARELE ..o ceeee e es s s s 187
8.4.3 VHDL P& 69 BB E R FoiB FARME oo 190
8.44 VHDL FAGMAB IR . oo esesese e s essses s e s 191
845 VHDL EZHE FBVER ..ottt ese st sren 195
8.4.6 VHDL & Z A BARMIA T Koo seeseresses s 196
847 VHDL B E ) EEHEIEIE ] oo rsesroses et esenns 198
848 EARITHEIEIZIT oo ese e es s eeesee e esees 206

SEOM VHDL BBRFHIIR (.oooooeeeececeeeceeeeee et eeeeeee e e s s reaee st sn e e s s sar e 237

9.1 VHDL FEFHIZEZR B TT ... e ees e esseessst e st essaesssersesessesaeeen 237

9.2 B TE TE 4Bttt st ees s s e 238
921 EBARTE T BLIA ..ot es et e er et ene e 239
9.2.2 ST AER oo st se st et seer st e 240
9.2.3 FARBLHABED e, ettt s e s eaee e s 241
9.24  FTAKIE QI BRA et et s 241
0.2.5  AEEAR oo ettt er e 242
0.2.6  BEE ..ottt s s e sres et et srer st er e 247

9.3 EFED oottt r et e st os st es e 249
931 BB oottt et ees et s e s s o rrase s e 249
0.3.2 Bttt e n s e st en s e seneens 249
9.3.3  BEE oo s et eb st s 251
9.3.4  H(BIOCK)IE T T 2EM oo st 252
9.3.5 HEAZ(Process)iE 8] FEEM oo 253
9.3.6 FAEA (subprogram)i& 4] F M ...veirveivvrerreenssnee s 254

0.4 FHIB U oot s b s bes s bt s bbbt bR s e 258
941 ATHFIE ..ot st s e sr e e 258
942 BLABIAFEIE .ooooieeee e e sr s 259
9.4.3  BEMIFEIE .oooooooeeee ettt et 260
944 TRARIIE ..ottt ettt 262

9.5 VHDL AFHIBIBRTITEBIE ..ot esssss s sssnassessens 263
0.5.1 AFAEEIHIB IR oottt s 263
9.52 FP RN BEIEER oot s st 265
0.53  FABZE R o ar e s s e s s 268
0.5.4 TR et e et s st et nen 268
055 BABEAVBIFEIR et a e st enes 269
9.5.6 MAEFFIBIFR R oot st sam st e e 270
0.5.7 TEEE AR oot sese e ess s ssss s s st ss st snt s snes i 270



9.6.1

............................................................................................................... 271
062 FEF ettt s ee e 271
9.6.3  F A et ettt et et s ee e ee s 272
064 FHFF oo et st st e st en e s 272
0.6.5 AL B oottt se e e ettt ee e et 272

9.7 VHDL ZRIE I IBHE R o oo s senese st essaresasseerassesas s seres 272
971 TBEBIB I I oot et 273
9.7.2 FRIBIF oot sttt s e 273
973 K BRIBIEH et et ettt e e 274
974 FFEIBIHF oot ees e et es ettt 274
9.7.5 FBIEAFEGHPILILK oottt st st 275

9.8 VHDL FEEHEIBRTE AL it ssssee s sresetsesesssseessssses s saseren 276
9.8.1 NS FE €] coveiiirersee st ettt ettt et rerse e e e 276
0.8.2  FFATHE B) oot oottt se et 284

9.9 BT IIFITEAEERTE .ooooeeeeeeeeeee e ee e cee s s e et esarse e sessaseres 302

10T VHDL IBIFEEM ..oocooeveceeeeeeee et se e et ettt eeee e e e 303

101 BB IBBEEREE oottt ettt st 303
1011 REBARIELEBREET oot ross s 303
1012 SAEABF LA oottt 304
10.1.3 AR BAB B et 304
O R I ) N 2 - 306
10,15 SAZEZRULEK ZF TA254 i st srasssssssnsssens 307
10,16 BBAEEIALIE ettt ettt 308
10.1.7 EZAREBEFATEARIE T K)ot 309
10.1.8 LED -GEIEEAD B oot ensessenaesss e sa s e 310
10.1.9 ZBAIEBUEF f-€lSe TEE) ) oo 311
10.1.10 AR 2-4 A28 TA139 .oooooooeee v sss s s s s 311
10.1.11  SRBRBIABALGRAD S oottt ere e e st st es e s e e 312
10112 BB B oot s e b e b et s e et 313
10113 BR 24 Tttt sass sttt e sersnsa s 316

102 BF BB ERER ..ot eree e ss s ese e s b s e ss st s sr et 318
10.2.1  TI D BREZE TALTS ..ot e snes s ssnanesaessene 318
1022 FREPETE IR oot eer e 318
1023 MEABAEE o ettt eee e e aen s 319
1024 BAEIHEEAGTEET oot et b e e 320
10.2.5 B8 1248 F B oot sama st s 328
10.2.6 A 16 FHELBBUEI TK)oooveeeeeeeeeoeereveree e ssesss s sss s ssenssissesasssssasssnss 329
1027 #1oad. Clr FHEEMIF A B oo 331
10.2.8 B D B A B oo e 333



1029 FBAEF A B TALOA ..o etevess e esss s ses s ss s s s s aens 334
102,10 FZAMEG SIAED FHBE 74374 e 335

103 5 2K T8 et sese s b et s s s st 335
103.1 3% 3B std_logic_unsigned 89 B ..o 335
1032 B HBEREBRIEGHEA e 336
103.3 4B generate HE T I oo 337
103.4 4% : GENERIC 35 &) #1EL Pl cocovvrerrieriserensssesssessessenssssssessonsssassanscsnns 339
103.5 B Walt TBEIHIELI oo ssessarecsenes e en s casasasins 340
103.6 Aok 3. generate A HIELA] (oo 340
103.7 HAFREAEL: AR When else 75 8] ...oeeeeeees e senrsessseec st 341
103.8 SHMKAE: BAIFIERER et sienaenes 342
103.9 £ BABBIEBER e 342
103.10 RAFFEIVEIEEIE oot 343
10311 FUAE AL oottt a b as s bt mtbs bbb bbb 343
104 FEREBRZBA oot ee e s s st R 018 344
0.5 ARZSHLEET oo eeer ettt e s b s sses s ss s b s e as s s baes 346
10.5.1 B B BRI BIIRA Moo et aans 346
1052 BRI F EAEEIRE oo sssssss s ssseemsaassssasssnene 348
10.5.3 4B B FAIIR B F oot senet s senssas s b e 350
1054 BAEREMI....... e R 351
10.5.5 FERBIIREIU 2o vesaess s s sssnssesssessases s s s ssnesanes s saens 353
10.5.6 K BNRIIRZ MU oot eeereserevess e siesestsbssssneasssssasssestasssnsassssones 354
1057 B RIKBE B TR sssssssssnssaens 356
10.5.8  FUTKIET A oot b s sst st it et e aR R 357
10.5.9  JETE A ZE B oot s s 360
10.5.10 A8 A0 B BRIEBN F ot 362
106 L L BE B oo eesee s eee e s saes e sa sttt ameras s s 369
10.6.1 ARREAUBC EHE B e e st sessa st ssessitas s s s e 369
1062 BFEABIIEEN LI oo e 375
10.6.3 AR TEIRFFET BT AT oo serreee s s sesersssnnae s s s s 381
10.6.4 Pelican Crossiong FEHI B ...c.coeoviire e e 386
106.5 BB TFHFIBRIK oo s 389
10.6.6 B AEAUIEEI T oo st ses st s 390
10.6.7 AT ZH UART ... seressreesssssesssssssssmsssssssssssssssssssssssssssssssasssessssss 398
10.6.8 ATHFTEIE R oo sessrss s s s s 405
10.6.9 AHREAULIEE E B oot s et 409
10.6.10 FHBAIZFIB .o e 410

e 5 a " SO SOOI SRR TR IS 412



B1E & B

11 BFEBNSE. BIAREITFE

1.1.1 FHFEBHS A

BB ESRFE TR T RANA TR, Tk BF. BTHEN. 53hEH.
MRFEREEAREANGR, Hit, “B7RBESHFRIER” CRARERE L& B
A BT IR, HENER, BEFHEFELHNTERAREMRZ —. B THEBNTHE
5%, AAARURSHETRESHAR.

BUE STER A L RgUE B RESER, T3 s STERTA_LREE b 2T
REHK, FSHBLRREE—RIIEHKERHE, JFBESORER LR B B FE
(R FEIRET). BFESRA - RIBBRBERRTRENLHZIRLRE.

BRFET RN R FERITERZENEREH N RRR AR RS, BHFR
4. BT ECAFEEREHASELEIE, FUNKEFEEER. 7 2EaREN
ERBATLLSr A LT AR,

1. HETHEE

FEARAGHE EHBREANESHE TBRAGTHH. A8HBRFAR: BWHER
SLpt A EE R, BRHESE SR OMAERE. BEREHCIZ6E, BHR
AHEBMAORSHZATRL. THRBT REEE.

MR PRI, F0%. KEE. JREEERTHEARERKERTHK
—EHIBBRINAA TR . AEERNEAAMRTREREMERERT.

2. WFRZE R

AT FRE PP ERLER, R BB B A I B 48 1] i b _E RSB 48 (B B iy o BV A ) B
ATIRMEE, SASHRERARNXHNETHFERAEILIZIN0R. HFRBNFR
B BIHAER T4 OMAME, THES BB E0RETR. EXAUT TG
e By el SR PR T LB

EREP A AGAE LS. SR, B, BUEFE. HESSHK, BRHF
H B SRR AR P PR FR R A A 2% R B R L B TR AR o

S AE RBEE S SARBAR R R R BUR & BB R R R R, DU SR A B
RIEAHARNES, RFEHECERNARETFRRAMBEAERMARSS . 55
FHBMANNHARAR, WMRTIEN. BF0S. BFEFE. foekE. &%, 4
SR RERBEE. BERBRORBAES T IHEANSERANA, T REH) TR
f AT TR S, TR TFRBOTIRERNA, UENEHT o EERNER
HEF, XEFFHRERARNAEHESRR. FL, HFEEBRETEHRIER



2

RiF E i — T B SRR O RTE.

HREFUATERE, BEUARINMMEFHERTERNFE, FREFHKE
BAAEE, FRRFHNITFLE:

() ETHEHTREEIN “TRE” FR—BIRE A RD):

Q) FTEFAREERTEBERNER):

(3) EFHEBMLEFE HTE);

4) BFREUBRHREER S X TENHE,

(5) ETREFBEHFMERAR):

6) EF I B KB AR, a[EZRIF &0 e AT St A s B — Bt

() ETHETFE&A/MM, HEL, ™Rk,

BN AT —UME B8

() BEEE

(2) B3HEHIHLEANROBOT);

(3) |, B, B

@ Bk, BEw;

(5) FHAHE. FEENEEN, HDTV, DVD, ¥/ &% ERKEAZL.

112 ¥HFBENER

WF BB LA RERE  ZMNA, BANERFNESATTH.

1. RNt BEEEREENBRZHIIRE

B ak R U T AIB R SRR, R RN ES, RERITERE
B YR ENGHTIERIEE(S . R g AN, R 0E%), BEERESTER.
Bk, FEAE. AR, B, EENA. MRS, WRERARERSTREENINE,
MR EEIERITAFENREREFRAERIRBE.

2. LOfEE, RAAH

DL I R B s, MATRE, BREE. BAERFRET
BOHBHAEANERE— “0” B “17. WRHEEAYTHHEN “0” A “17 RE,
«0” 0 “1” AUFTEENSYHEAIMIEE. T & & B 5 & 555,
BAXFEAREANRSAS, TUREERNEWEMEFMERKR, FEETHER.
B, EYEakd, SIS ERE RS, SRERT AN SERNREXET
ARGFFERA, Fol, TR, HTHReEHER, 4%, nTLEERNAS
High, T RANATREDHERL.

3. BRERE, NREIAES

SEREE, KRN, DEERAFRBRHMRAZ . RENBT. %6, G
REHE, HEEREBBRNERRE, BHPERBMNEREERBE, RACEE
ﬁmm%%%¢ﬂﬁ%m%%wﬂu¢ﬂﬁ%&%%m&ytﬂﬁ%&%%@mxﬁt
ﬂﬁ%&%%wnm%ﬁﬁm&i#ﬁ\ﬁﬁﬁ\%#ﬁ\ﬁ%ﬁtﬂﬁgﬁﬁo%%
mﬁ#ﬁmﬂﬁ%ﬁ*%ﬁﬁ%%ﬁ@%ﬂiiﬁﬁmﬁoN?%ﬁ&%ﬁﬁ%%ﬁﬂ
BLAE P R R R R B i, BB AT IR AR AE B IR



113 HFRBESTHRITHEERTZ

B ZERRNEREMETENY, EEARYBANERARMERY EHEZER
B ZEAR R A R BUGRES RBE T TR T R AR 2 R R R .
T -AMEERBRERE, TRTREHRIME WRENOMRZEREE, RHCNER
Thek, SFHZERBCRIBRN T, FAZBEMT. RELENBEER, £REETHR
HEE TG, BRUANAZE AR, ARSI, BEMTNZRRHREERN.

MR FEELAR, FAEERMERZENAMERSEMN. LB ¥
FERSTHM MR T, R RA B S r Rk H BRIRE S .

BTRRBEENRERRE, RF2EEROIEAmENL. BRUMRSEN, Bk
FEEEERRBNBELZEHNA T RAITERSER L, ST LUE AR CR B H
PRt Y, FREFRRT, UHRELSEOEEEER. 2850 RERNE MRt
B, RESTARIEEEROER, N FEEHMIREE TAEERESRL

¥ EFERERAY R TR 5EREH T Tk MNRATENE, &
RAMBItSREFKENEAR FEAREZ R, NURBEMSEE N E, ERBABN
AT ERE SR A, NUSMRR AN, UENHEER.

1.2 BkIhFIBk b BB

Rkt (Pulse) XAMARFERGHRERMBE. ERPEAD, BIAWIRHRE LR
AW RS R R R R B A R AR ] R R R R R B 141

1 UL

(@) ®

(e) N
B 1-1 E B
(@) ERHEERK): 0) EREE): (o) HEERE): @ B (© B, () BrEe.
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AT IURRE LRI B, R, RIS, WA BT, BREAN . T
T 25 55 B FE R i BT I SE 41

1A R—NREROET AT, fEk. AEMamAB. FTH%, Bl Edk
VoS T E: AR, VoSET 0. B m@BRaT L= E —Mkrd, RIEEcnE, A
W AK RS e, MU UBE—RIIEEA ETRERRERKS, WE 1-2b)
Bz

£
Ey R 1: ;r
b 44 |
(@) b) !
12 EinEE

(a) BEE: (b)) SRR,

13 BFESMUFRE

ATEREZAETBI N2 DER, WRE. B BEE. HH%, —KERE
ERF WS, ENTUE—SEENBRERLRE, RIXYERAEBER. £T
BNAT, ATHE. SRALEXSEYEE, FRCEdERSRHRRSZRHe
e e PR (BR BB o IX R A5 B FOR ARl T SRR R, B AEEES, HakE
(EREFEVE—EHENRELENTE. BIE ST ELNARRIELIEE. A
{5 51y e 2R 7R A3 B8 % (Analog Circuit).

WEEREHN, ReRERANRTHRNRAESCRNME. BAERE. filtn,
B REE A N 2567.82326km. HEXE LA 1km, MARKEEOBFER
2568km: EECELEA N 1m, TEFR A 2567823m. BALEN KIERE, HBRTRAIM
ERFEE. SEFEBANNNEEEABEES. HEESFEENATRARTR
B. BEAE S KR EBR D F R (Digital Circuit).

EHHTR BRI, BT H RS AL E TRIRA.

) BERTENS R—YEETURESNENE SRR, B HEENRT
EEER. ANEESHFERERALE, ARHXIBEENRTELE. fil, Z&
RS AR, RS EMREAELRTEER. FEREEN 1/1000, U
WRE R AL TR R T %E SHEER 1/1000. EFR™ERRT,
RN EREERUSEH. ZRARFESEERESBIX—HEER. HFE5E
W, SR b, MR R R R R R ARG R — A T B
SRR T RALEA AN, HTTOE T o enn e s, WEghkenFoUH
QAR S P RIA DB T RERNFIIR & AT RA AR
B EFAS AT, ARITEShRENET, BMERNAE. B, KA



BAESHRBHRATIHES, BHLABEAREE.

Q) AR, 5 TR HEEEFELIENRE, BT BBRBH0ATER
B, REEBRBE. SR, TUE—RER LHELTAS AT EELTF AL
fF, FFATHE R B EN. B I1E S A B T AR SR ARV AL 1 P 2,
ATl m A E E RS ARG . RERAHHE, FARERENERS, 2R,
FEHE, FHE®ET THENTRY. B, Hral ENAEESE. Tk, k. 4
WEHR., GEER. BT RENABFEENTR, RANSEAZANBBEEEES.

MR TR, BkoF RBE A TR TR, B BB B BKR R P LR,
FELBAMLKAR . Ko BB FRBREARTEERAKER. TRE, ke
B R T ARy, Bk RN TR A RENERR. S PUBF Y
x, ENAYFEE, BEFITOKEE. PR FRRE-MLAKER, E3IRN
RELELE. FPNETHERSHER, BETTK. EANPLEHE. BFXAT
TR LR —&RE. fEMGETENERE EMNBRT2EZEN. —MRER
R, ARERESMRRL, CEXRAHNE. TRENETEHR.

1.4 HWFEREGBEIT

141 BFRFEGITHHR

BEE 21 HHAMBR, ARELEEART EFEBRHA. KBEREKH. PEIGAD
FE, EARSHTRERSLAR, SRERKE TETHTNERTIENEEEYR
FERBTRENRIT 5FROFE. bk, HEMZMEFTARETRA? TEHA
A7 AR THEEERNA? ATRAEF D, REMR KRR RE, HRHEE
TR, ENERE T REMRRMAR, W 1-3 Fir.

teld Bk et A 0l

L =

ARigH

13 BTFREVRNARERZ—

MERFRE, — I HTFRE-ROBHIRE—ER. WIRSURK. B %ER.
B S U RBATIE, JFRE—RRAE. RE. &4 B, HTRESS
M TRATS, SHRERGHE. v 5% KBS HEH CPU KRG EN(NE
BHDMBETFRERLI. FUNARK, —BLHERTRAFRE 3 KB
BETRE. BEFRESMLBNTRE. ZHUEUL 3 MBOFHA 3 MTFRE,
RE N XY REAR 1~2 RERBRBBTULAN, ENXFEHRT —TF
BEEE. HXMEENEKAL. SRRTFRANBMLE Z, EX LR/ TAHS
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REa, BEAR T KRBBEOIE SRR, TRENER. TRESMHUEAR
AT/ /D B 43 ST A L B T 4

METFRANRER Y, BTREX VA FREERERERM. MEBX, FF
BRUP 2L TRERBRLEIRE RRIIEE BT RE, HI0E R KQEERTHR
BRAE. BAtaRERUBFRAE? B4ER RBD — M 95 BUR LA
B, ERMNATTSRARESNE, RHEFRUANETKFS, NEHLE
M. WRRNOA - M EARVAE RS, WREHE R MIRAA AT 48 bt RAK
AT BEAT 44T B MR REEIRN, RBEIEFMIR, 1 HXLMIAT
BRETEER: BEMHARSTEAGR. &4 BN MEAREF . KKK
e BR—ME AR T USRI ERBATIERYoE. HRU LR R ERAEHANERT
RARFTTRERAEEHRETEAN, BAENRKRERREFSI0E — XX,
Bm—ADREL S — ALY, HRTELARREREW, FUABEFEHARE
ETFEIAMES, CARAERENSE A, REHE CPU MMPUEFF)F R LLLER
SMEREE, ATTMRKEGEANETRES RAREREUNER. B CHAFMET
BRIAMIBED, TREEOHSIZE R B, AU B R RRERIIT. 2K,
ERTHAETES, AERSENREEARE, AMIALBFRESHRTHEER
EEMFEE. B TiCIZ880, UM UET - Mo, AN TR ERE, A
B SRR R R RATE LB A DA RO BRI E 4 S BT RAR KA
AR T RA.

BEETRANARIIME, KBEUTILHETRE.

(1) WBRGE KEMABH CTHREEHRZ, /ME BsyRAAHRITRZEL L T
N 2y B

@ WERGE BTEEEBAHENE

G) FELERE FliEE. AR, FiifFBLES;

@ BRERE HFERE. MBEES

6) HEHARSE HENASRR—AUTRE, TURE THERATUS EEN.

6) KERZE FHAEEH. FFAMPERIF.

BLEFIET AENETRE, THANMEAR. MEAR. KAHEAR, B
EAMEROAR, ATTHEXEREGIGFERTRAN. FREETRAKRITTRA
Thek. TYEvME. AE. M. RESE. REt. TRE. RACERERERARES. TH
i, gy R, . A, ERSS. WARRAGNS, HEREAMA. m,
FRBHMSERERENHA LEGE. WE. WRARE. THE. R, ZR]. Y
¥, THSRBSLAESEER, BERANENARE. RWE. REk. FHHES
SHALNTELRIAE. BEN. TR, RARNKRE TR RE. W
MEESEEAMEIS LR, RARIARNBERERE, HREKR, HHFER, X
B FREMBEAR T ERT R, EALTRS, PAERRITNRARREHE
AR BT, ATRENENASREEE, WEXRERER. EALTENE
BREMMICER. BASERY. FARBE. HeMELESIRN LHETH
K.



